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KONINKLIJKE AKADEMIE VAN WETENSCHAPPEN 
TE AMSTERDAM. 

PROCEEDINGS OF THE :MEErrING 

of Saturday May 26, 1900. 

----OI)Q-· ----

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 
Afdeeling van Zaterdag 26 Mei 1900 Dl. IX). 

CONTENTS: "On the composition of tbe vapoDl-phase in the system: Water-Phenol, with one Ol' 
with two liquidphases." By DI'. F. A. H. SClIREINEMAKER8 (Comml1uicated by 
Prof. J. M. VAN BEMMELEN). p. 2. - "Echinopsine, a ne\v cl'ystaIIine vegetable base." 
:8y Dl'. M. GRESHOFI! (Communicated by PlOf. A. P. N. FRANCHIMONT). p. 11. -
"On tbe relation between ladiation and molecul:tl' attraction". By J. D. VAN nER 
WAALS JR. (Communicated by PlOf •• T. D VAN DER WAALS), p. 27. - "Plumieride 
and its idelltity witb Ágoniadine". By PlOf. Á. P. N. FRAMHIMONT. p.35. - "On the 
crystalLsed constituent of tbe essential oil of Kaempfelia Galanga L.". By Dr. P. VAN 
ROMBURGH, p. 38.-"On tbe durabiJity ofthe agglutinative subst,mces oftbp blood serum". 
By Dl'. J. E. G.VAN EMDEN (Communicated by Pl'of. Til. H. MAC GILLAVRY). p. 41. -".Tbe 
amount of thtl cil'cl1lation of t11e carhonate of 1ime and the age of the Earth". I. By 
PlOf. EUG. DUBOlS (Communicated by PlOf. J. M. VAN BE~mELEN). p. 43. - "Tbe solu
bility of Calcium Carbonate in Sea-watel". By Dr. ERNST COHEN and H. RAKEN 
(Communicated by Prof. H W. BAKHUIS ROOZEBOOM). p. 63. - "On tbe pbeno
mena of condensation in mixtules in the neighbourbood of the Clitical state". BJ 
DI'. CH. M. Á HARTMAN (Communicatcd by llrof. H. KAMERLINGH ONNES), p. 66.
"Measurements on the magnctic lotation of the plane of polalisation in 1iquefied 
gllBCB undel' atmospberic pIessure". By DI'. L. H. SIERTSEMA (Communicated by 
Prof. H. KAMERLI)!IGH ONNES). p. 70. (Wlth one plate). - "A new metbod for tbe 
exact detelmination of the elevation of tbe Boilmg-point". Br Dl'. A. SlUTS (Com
municated by Prof. H. W. BAKHUIS ROOZEBOO~!). p. 74. - "Thermodynamics of 
Standard Cells" (2nd part). By Dr. ERNST COHEN (Comml1nicated by Prof. H W. 
BAKHUIS ROOZEBOOM). p. 74. - "On the EnantiotlOpy of Tin". V. By Dr. ERNST COllEN 
(Communicated by Prof. H. W. BAKHUIS ROOZEBOOM). p. 74. - "Tbe formation of 
mixture-crystals of ThaIIiumnitrate and TbaIIiumiodide". By Dl'. C. VAl{ EYK (Coin
municated by PlOf. H. W. BAKHUIS ROOZEBOOM). p. 74. 

The following papers were read: 

Chemistry. - "On the composition of the vapour-phase in the 
system Water-Phenol, with one and with two liquid-phases". 
By Dr. F. A. H. SCHREINEMAKERS (Communieated by Prof. 
J. M. VAN BI<JMMELEN). 

I 

(Read April 21, 1900.) 

1. The appamtus. 
To determine the composition of the vapour phases the apparatus 

shown in fig. 1 was used. The flash A into which the mix.ture to 
1 

Proceedings Royal Acad. Amsterdam. Vol. III. 
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be invf>stigated was introduced is closed by means of a ground 
in tube B containing a little mercury in which the thermometer 
was placed. 

c 

B 

~.I. 

The tube C is connected by means of a ground joint with the 
conrlens9r and throllgh this with a space of about 18 litres capac
ity, in which the pl'essure can be altered as desired hy means of a 
pump; the pressure in th is space was determined by means of an 
open mercury-manometer. 

The flash A is further connected by means of the tube D wij,h 
the little Hask F which is connected by a ground joint with D. This 
flask may further be conneded by means of F with the outer air, 
or with the space with which A is always connectf\d or with another 
space in which the pressure may be regulated at will. In order to 
determine the vapour tension at a certain temperature, tho bath was 
ralsed a few degrees above the desired temperature and the pressure 
in the space which is connected with A, afterwards altered, until the 
liquid contained in A began to boil. By a further slow change of 
the pressure, the hoiling point of the liquid was brought to the 
desired temperature and read oif on the thermometer placed in B. 

The vapour evolved in .A ascends through C into the condenser, 
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where it is condensed and returned to A; it cannot pass into the 
space E, because the tube D contains a littJe mercury between the 
two smaIl bulbs, and the space Eis connected with the same space as A. 

To determine the romposition of the vapour phase, some vapour 
from A was transferred to the fiask E, which was placed in a 
freezing mixture in order to completely condense the vapour. In order 
to transfer the vapour from A to E the latter was connected, by 
means of the tube F, with a space In which the pre ss ure was a 
little less than that in the spare connected with A. The vapour 
evolved in A now bubbles through the mercury in the tube D; the 
rapidity with which this takes place may be regulated at will by 
makiI)g the difference in pressure between A and F greater or smal
ler. By means of this arrangement, it is not only possible to regu
late tlle rate at which the vapour is conveyed from A to E, but also 
to stop or to restart the transference at will, the temperature and 
pressure in A remaining unchanged. Because the bath has always a 
higher temperature than the liquid and vapour in .A l no t'ondensation 
can take place in that part of the tube D which is immersed in the 
bath, but condensation may occur in the part of the tube which is 
outside the bath. To prevent condensation at G this part of the 
tube was maintained at a higher temperature by means of a smaIl 
fiame; the vapour which condensed in the further end of D, was 
tra nsfel'red to E by heating af ter the distillation was ended. 

The cornposition of the liquid remaining in A was, of course, 
altered by the removal of vapour; as, however a quantity of 100-
200 grams 'was introdured into A and only 5-10 grams of liquid 
condensed in E, tbe change in A was as a ru Ie comparatively Rma]J, 
unless the vapour- and liquid-phases differed very much in compo
sition. In such cases I give the composition of the liquiti-phase both 
at the beginning and the end. 

During the transfer of vapoul' from A to E, vapour was continually 
rising into the condenser where it WilS condensed. This condensed 
liquid, the composition of which was, of course, in general different 
from that of the liquid in A, gave off a different vapour when fiowing 
down the si des and so caused an error. As a ruIe, ho wever, this 
error will doubtless be smaH. Some determinations have been repeated 
without admitting any vapour into the condenser during the transfer 
from A to E. For this purpoóe a little apparatus was used hy means 
of which the tube C could be closed and reopened below the level 
of the bath. The use of this apparatus, however, gave rise to many 
difficulties and it was therefore only used a few times. 

As experience showed, the determinatioDs of the vapour teosion 
1* 



- 9 -

( 4 ) 

are not quite correct but may he wrong to the extent oh few m.m.; 
this was founo by rep('sting several times the determination of the 
vapour-tension of pure water or of a three·phase system in the same 
apparatus at the same temperature and with the same thermometer, 
when the determinations sometimes differed among themselves to the 
ex tent of 2 or 3 m.m. The liquid col1ected in the Hask E was at 
the end of the operation weighed and analysed. In the system Water
Phenol, the phenol was estimated hy the method of KOPPESCHAA.R, 

i. e. by titration with a solution of K Br and K Br Os. 

H. The th1'ee-phase system. 

In the system: Water-Phenol, three phases can be in equilibrium 
with each other between the transition-temperature (about 1°5) and 
the critical temperature (about 68°), namely two liquid-phases and 
the vapour. The composition of the two liquid-phases, which may 
be in equilibrium with each other at the different temperatures, 
has already been investigated several times, among others, by 
ALEXEJEFF 1) and V. ROTHMUND 2); I liave llOW determined the 
composition of the vapour-phase in the way oescribed. 

In table I T stands for temperature; P for the pressure of the 
three-phase system in m.m.; Ll L2 and Lv for the composition of
the three phascs, Ll and L'}, for those of the two liquids anrl Lv for 
tb at of the vapour. The composition is expressed in pörcentage by 
weight of phenol in the mixture of phellol and water. 

TABLE 1. 

T P Ll L], Lu 
29.°8 29 8 70 5.96 
38.°2 48 9.5 67 6.98 
42.°4 62 10 66 6.91 
50.°3 94 12 63 7.28 
56.°5 126 14.5 60 7.83 
60.°1 150 17 57 8.06 
64.°4 182 225 48 8.66 

The composition of the three phases is shown graphically in 
figure 2; the temperatul'e is measured along the hOl'izontal axis, 
the pressure along the vertical axis. rfhe lines Ll and L 2 represent 

1) Wied. Ann. 28. 305. 
~ Zeitschr. f. Ph. Oh. 26. 438. 

.. 
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tbe two liquid-phases, the line Lv the vapour-phase. tt wiÜ be seen 
from the figure, that tbe two liquid-pbases L} and L2 gradually 
approach the same composition as the temperature rises, and that at 
68° they become identical at a point k which indicates about 34 pCt. 
of phenol. Tbc line Lv, which shows the vapour phases, whieh may 
be in equilibrium with both the liquid-phases, lies entirely below 
the line Ll' The vapour-phase, therefore contains less phenol than 
oecurs in either of the other liquid-phases. 

If we eaU Lh which contains the most water, the aqueous, and 
L2' which coutains the most phenol, the phenol-layer, th en the vapour 
contains still less phcnol than the aqueous layer. 

If a mixture of two liquid-phases of water and phenol is distilled 
at a constant temperature, say 56°.5, then according to the preceding 
table the vapour pn'ssure is 126 m.m.; the aqueous layer th en 
contains 14,5 pCt. of pbenol, the phenol-layer on the other hand 
60 pCt., whilst the vapour only. contains 7,83 pCt. of phenol. The 
aqueous layer has, therefore, a composition between that of the 
vapour and the phenol-layer; on distillation the aqueous layer will 
be resolveu into the phenol-layer aud the vapour, its volume decreas
illg continually until finally only the phenol-layer remains in the 
retort. If now the distillation is pushed further at constant T, the 
pressure cannot longer remain constant, but it must faU as there 
are now only tWlI pha:.es remaining instead of three. I will revert 
to this matter presently. 

The vapour-curve Lv has in this system, a position outside the 
two liquid-curves Ll and L2 • In other systems it may, ho wever, 
be situated between them; this is for instanee the case with the 
system Water-Aniline which I will mention later on. 

It is plain that the different position of branch Lv may give rise 
to other phenomena during the distillation of two liquid pbases. This 
will be discussed subsequently. 

f~~~--------------------

1 
I 

K 

_---:,~L~-~ : 
La -:gd 

-----!~--- I 
~·~L------:-----...,Q.*ëS"'"· -

5:Ö' 11. 

In Figure 2, the pressure 
has not been included; this 
might be done by introducing 
a third axis perpendicular on 
the plane of the drawmg and 
marking on this the pressure. 
The lines UI Lz and Lv then 
no long'er lies in the plane of 
the drawing, but in space, in 
such a way that their three 

projections on tbe plane p_rr form a curved line. 
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'rhÎs lÎne on the plane P-T shows the relation between the 
temperature and the pressure of tbe three"pbase system. It is, 
according to table 1, a line which rises with the temperature. 

lIl. The fwo-phase system. 

1'he different two-phase systems which may appear in a binary 
system, leaving solid phases out of account, are: 

lat The system of two liquid -phases. 
2nd Tbe system of a liquiil with vapour. 
Tbe fil'st system bas been.. investigated by VAN DER LEE 1); he 

determined the influence of the increase in pressure on the linea 
L1 and L2' and found it to be very small. 

I have now examined the second systel1l, mainly in order to 
disco ver the cOTInection between tbe composition of the liquid and 
the vapour. This may be done in two widely different ways; first 
the boiling-points and the compositions of the vapours of liquids 
of different composition may be determined at a constant pressul'e; 
secondly the vapour-pressure and composition may be determined 
at a constant temperature. I have chosen the last method at the 
temperatures 56°3, 75° and 90°. Tbe first temperature is situated 
below the critical point; two liquid pbases therefore make their 
appearance; at the two other temperatures this is not the case. 

The following table containe the determinations at 56°.3. 

TABLE 2. 

NO. L D P 
1 0 pCt. 0 pCt. 125 mmo 
I:l 2.0 2.55 125 
3 5.58 5.49 127 
4 7.42 6.57 126.5 
5 10.88 7.4-2 127 
6 14.5-60 7.83 126 
7b 69.2 ~ 9.88 

124 
7e 76.7 122 
Sb 8034 ~ 11.98 

118 
8e 88.06 102 

The percentage of phenol in the liquid is given under, L; the 
composition of the vapour under D, and the vapour pressure under P. 

Determination N°. 6 relates to the two liquid-phases which may 

') Dissertation. Amsterdam. 

.. 
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be in equilibrium with each other at 56°.3, one of which contaÎns 
14.5 pCt., the other 60 pCt. of phenol. 

Determination N0. 7 is eDtered under 7b and 7e ; 7b gives the 
initial, 7e the final concentration of the liquid. Às will be seen, 
these differ by 7.5 pCt., whilst the vapour differs immensely in 
composition from the liquid. 

The same applies to determination 8. 
As will be seen from the tabIe, a liquid containing about 5.5 pCt. 

of phenol yields a same composition. Liquids containing less than 
5.5 pCt. of phenol yield a vapour containing more phenol than the 
liquid; liquids containing more phenol, ho wever, yield a vapour con
taining less phenol. 

Table 3 gives the determinaiion at 75°. 

TABLE 3. 

No. L D P 

1 0 0 2eg 
2 2.43 3.44 293 
3 4.15 5.21 293 
4_ 7.51 7.41 294 
5 16.82 9.11 294 
6b 22.53 ~9.36 294 
6e 24.18 294 
7b 44.44 ~9.85 294 
7e 49.2 294 
8b 60.47 ~ 10.43 

292-293 
8e 65.75 + 289 
9b 76.7 ~ 12.63 

280 
ge 82.4 259 

lOb 88.06 ~ 21.37 
::l18 

IOe 91.7 177 

In determination N° 4, the vapour and liquid havè again about 
the same composition; with a percentage of 7.2 of phenol they 
are iden tical. 

If therefore a liquid containing less than 7.2 pCt. of phenol is 
distilled at 75°, the vapour contains more phenol than the liquid; 
the I'everse is thc case if the liquid contains more than 7.2 pCt. 
of phenol. 

The determinations at 90° are givell in table 4. 
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TABLE 4. 

N°. L D P 

1 0 0 525 mMo 
2 2.36 3.64 528 
3 7.00 7.69 531 
4 8.29 8.30 531 
5 9.74 8.96 530 
6b 17.4 \ 10.40 

530 
6e 20.4 I 530 
7b 33.6 I 10.78 

530 
7e 35.0 I 5'30 
8b 42.2 l' 10.87 

530 
8e 44.2 530 
9b 56.3 

) 11.24 
530 

ge 58.0 530 

As shown in this tabla, the liquid which at this temperature is 
in equilibrium with a vapour of the same composition contains about 
8.29 pCt. of phenol. 

1'he results shown in the first three tables may be repl'esentcd 
graphically in different ways. 

I will here, however, make use of only one of these, namely tbat 
shnwing the composition of the vapour-phase as a function of the 
liquid. The vapour'pressure is th us not considered. 

~O~~~· ________________ ~B 
I 

Figure 3 is a graphical repre
sentation of this kind; the 
concentration of the liquid is 
measured along the horizontal 
axis, that of the vapour (in 
percentage of phenol) along the 
vertical axis. 

~ If we draw the line AB 
/ J..'J through the square, the points 

"~-T'" _______ ~'Ó on it represent liquids whose 
I I 

~-'--ë..~-.u ___ -w--';L--. ---:;tlJ,~OlFf1. vapour has the same composi-
~ 111. tion. Ir a point is situated to 

the left of AB, the vapour con
tains more phenol than the liquid; if to thc right it contains leas phenol. 

From thc drawing it is Been that at each of the three temperaturos, 
a liquid containing a small quantity of phenol yields a vapour con
taining more, and one containing much phenol yields a vapour con
taining less phenol than itself. 

.. 
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The point of intersection of a curve with AB represents a liquid 
which is in equilibrium with a vapour of its own composition. The 
proportion of phenol in this liquid increases with the temperature. 
This liquid must have a maximum or a minimum vapour pressure ; 
in our case a maximum one. 

In our case, according to table 2, the maximum must be at N°. 3 
namely 127 m.m.; in No. 4 the vapour-pressure is certainly not 
quite accurate, as N°. 5 again indicates 127 m.m. The deviation is, 
however, far within the experimental error which may amount to 
several mmo 'l'hat, in figure 3, the line of 56.3° ends, at least 
experimentally, in the points Ll and L 2 is clear, because Lr and L 2 

indicate tbe composition of the two liquid-pbases which are in 
equilibrium with the vapour. If, therefore, water and phenol are 
brought together in such a proportion, that tbe mixture is represented 
hy a point situated between Ll and L2' ihis will break up at 56°3 
into the two liquid-phases Ll an~ L 2 and vapour, tbe concentration 
of which is indicated by the ordinate of one of these points. 

In the two other curves the straight line L 2 Ll does not occur; 
they belong to temperatures above the critical point. They, however, 
present the peculiarity, that they are almost horizontal for a con
siderable distance; or in other words - as mayalso be seen from the 
tables 3 and 4 _. when the liquid bas reached a certain percentage 
of plienol the composition of the vapour is but little affected even 
hy considerable variations in the amount of phenol in tbe liquide 
According to tablA 3, the vapour at 75°0 only changes from 9.11 
to 10.43 pCt. of phenol, when the liquid changAs from 16.82 to 
65.75 pCt. With a still lalger percentage of phenol in the liquid 
the amount of phenol in the vapour increases more rapidly, finally 
increasing' very fast indeed, since all the lines in figure 3 must 
terminate at B. 

Not only the amount of phenol contained in the vapour, but also 
thc vapour-pressure alters 'but littlA, when the composition of the 
liquid varies between very wide limits. 

In table 3 the maximum of vapour-pressure must lie between the 
two determinations 3 and 4 and very close to N°. 4. In determi
nations 4, 5, 6 and 7: the vapour pressure is constant at 294 m.m. ; 
theoretically this is, of course, impossible, but experimentally the 
differences may fall quite within the limits of experimental errors. 

VAN DER LEE has also measured the vapour pressure at 75°; he 
also finds a vapour-pressure of 294 mmo wben working with a liquid 
of widely va1'ying concentration. Ris other determinations agree 
fairly weU with my own; only liquids containing a very large amount 
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or phenol show differences. As I have now determined the compo. 
sition of liquid and vapour, it is pussible to test the observations 
hy meaIlS of the approximately accurate formula of VAN DER WAALS: 

dP P (.&d - Il'l) 

d{Cd = Il'd(l -. a:a) • 

The best way would be to take the values of Xd and P from the 
dF 

determinations as also the values of --, and then to calculate Xl 
d{Cd 

by means of the formu]a and compare this value with the experi. 
dF 

mental result. In our case, ho wever, - cannot accurately be de
d:ra 

duced from the experiments, as P does not change Ol' very Jittle 
between very wide limits. 

I have therefore, followed a different plan and calculated .!!... 
d;cd 

by means of the experimental values uf P, Xd and Xl from the 
formula. For this purpose let us take the determinations at 75° 
(tabie 3) and recalculate everything in molecules; let us then take 
the mean of the initial and flnal compositions and pressures in exper- _ 
iments 7, 8, 9 and 10. We then obtain: 

TABLE 5. 

NO P 
dP 

{Cl {Cd {Cd-tlJl 
d{Ca 

1 0 0 0 289 
2 0.0047 0.0067 +0.0020 293 + 88 
3 0.0082 0.0104 +0.0022 293 + 62 
4 0.0153 0.0151 -0.0002 294 3 
5 0.0372 0.0188 -0.0184 294 - 294 
6 0.0551 0.0193 -0.0358 294 - 556 
7 0.1446 0.0204 -0.1242 294 -1825 
8 0.2477 0.0218 -0.2259 291 -3083 
9 0.4296 0.0269 -0.4027 270 -4154 

10 0.6322 0.0493 -0.5829 197 -2449 

From the values of dP in the preceding table I have calculated 
, d{Cd 

the values of l::. P for each pair of successive observations. 

Oonsidering for example observations 2 and 3, the value of dP 
d:Cd 

may be regarded as the mean of the values found in the two exper-
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iments, i. e. 
88 + 62 

2 = 75; the value of .6. P between observatioDS 

2 and 3 is therefore, 

dP 
.6. P = Ä xa - = (0.0104-0.0067) X 75 = 0.35 . 

d:ra 

dP 
The values of -

da;d 
and Ä P thus obtained are given in table 6· , 

also, for camparison, the values of .6. P obtained by direct experiment. 

TABLE 6. 

Between observations 
dP 

da;d 
.6. P calculated .6. P found 

No. 2 and No. 3 75 0.3 m.M. o m.M. 
3 :t 4 30 0.1 1 
4 :. 5 149 0.5 0 
5 :t 6 425 0.2 0 
6 :t 7 1190 1.3 0 
7 :t 8 2454 3.4 3 
8 :» 9 3618 - 18.5 - 21 
9 :»10 3302 - 73.9 - 73 

As may be seen from the tabIe, .6. P calculated and l::. P found 
agree satisfactorily; the difference are smaller than the experimental 
errors which may amount to several m.ms. 

Chemistry. - "Echinopsine, a new ct"ystalline vegetable base". 
By Dr. M. GRESHOFF (Communicated by Prof. A. P. N. 
FRA.NCHIMONT). 

(Read April 21, 1900). 

Of late years alkaloids have been discovered in plantfamilies which, 
pl'eviously, had been made but little the subject of phyto-chemical 
studies, and in which, at any rate, no vegetable bases had been 
found or even suspected. So, for instance, in the large family of 
the Cpmpositae, which comprises about one-tenth part of all the 
phanerogamia, with more than 800 genora. 

'rhe writer has been engaged for many years in the systematic 
study of alkaloidal distribution in plants, also in this family,1) and 

1) Compare: On {he rlistrilJUtion of allcaloirl8 in tlle family of ti/,(] Gompositae. Ned. 
Tijdschr. v. Pharm., Mei 1900, blz. 137. In this artiele 50 alkalold.containing 

ienera are summarised, mostly the result of my own investigations. 
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has now the opportunity to present the meeting wÎth at least öne 
of his new compositae-alkaloids in a pure condition, and to give a 
description of the same. 

First óf all, some particulars ab out the botanical Ol'lgm. 

The genus Echinops L. (= Echinanthus NECK., Echinopus TOURN., Sphaero 
cephalus L.) belongs to the division Tubuliflorae·Oynareae of the Oompositae. 
These Oynareae are divided into four groups: Echinops, Oarlina, Carduus and 
Centaurea, all plants popularly known as thistles; some are characterised, 
froDl a chemical standpoint, by containing alkaloids, glucosides, bitter principles 
and pigments; a few yield bydrocyanic acid. 

The group Echinops only contains this genus itself, and Acantholepis orien
talis LESS., a plant from tbe steppes ofOentral-Asia. Echinops numbers about 
60 species, also mostly Oentral-Asiatic herbs with alternate, frequently 
tborned leaves, and all species cbaracterised by having capitula. To the West, 
the Echinops territory extents over the whole of the South ofEurope and the 
coasts of tbe Mediterranel1n, to the East as far as Japän; some specie;! are 
also natives of tropical Africa. In Germany, E. sphaerocephalus L. grows 
wild; no species is found wild in Holland. In that country various kinds are, 
however, cultivated as ornamental plants, on account of the robust stature 
and the beautiful large flower beads from wbich the genus derives its name 
of "ballthistle" (the latin name is composed of echinus, hedgehog and ops, 
eye or appearance). Tbe flowers are sometiroes light blue E. RUro L., or 
dark blue E. bannaticus ROCH.- The genus is divided by botanists into 7 
sections; compare ENGLER u. PRANTL, Natürliche Pflanzenfamilien IV, 5, p. 313. 
The ,species are mostly described in BOISSIER'S Flora orientalis and also 
by BUNGE, Bull. de Z' Académie de St. Péte'f:sbo'urg VI, 390. My investigation 
extents over 15 species from different sections 1) which all were found to 
contain echinopsine, so that there is reason to believe that the presence of 
this alkaloid is a general characteristic of the Echinops-species. 

On the use of Echinops in popular medicine and in toxicology, a question 
revived by the discovery ofthe powerful Echinopsine, not much information 
is at my disposal. Different species, such as E. Ritro L., dahuricus FrscH., 

1) This is perhaps the proper place to state thc source of the important material 
of my investigation and to thank those who provided me with the same. From thc botan
ical garden at JJeiden, I received through the care of Mr. E. TH. WITTE, hortulanus, 
E. BUro L. and E. nirJezt8 W ALL. Of the first plant, the firm HAAGE 11. SCRMIDT at 
Erfurt provided me with the 10 kilograms fruits, which havo served for the preparation 
of a larger quantity of echinopsine, than the supply trom the botanical garden aUowed. 
I a150 got from tbe Stlme Bource E. IJpkaerocBpltaluIJ L., E. elCaltatulJ SOHRAD., 
E. paniculatua JAcQ. and E. 8!1riacu& BOISS. On a holiday tour in Sweden in Aug. 
1899 I noticed in the excellently kept botanical garden of Lund and Upsala some 
other varieties cultivated there. In Lund, I collected leaves of E. dallUricu8 FISCR., 

E. ~annaticu8 ROCR., E. platglepia TRAUTV. nnd E. microcepkalu8 SmTR.; afterw!lrds 
I received from there seed of E. !/lo6ifer J A:SKA and of anotber species which accor
ding to Dr. Sv. MURBEOK was, probably, E. commutatu8JuR. From Lund, the hortulanus 
Mr.- FR. PETTERSON forwnrded me benutiful material from E. ViaC08U8 DO., E. kumilia 
.BIEB. and E. elatu. BUNGE. 
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sphaerocephalus L., are used in East·Russia and Siberia as diaphoretica and 
diuretica, are also applied in skin diseases. In olden times, the "Herba 
echinopsidis" was also used in Europe for treating gravel and stone. 
To Dr. G. VAN VLOTEN of Leiden I am indebted for a note on the 
use of this genus by the Arabs. IBN W AHSCHIJA states in his treatise: 
De Venenis (cod. Leiden) the foUowing particulars about a plant which he 
eaUs "Djirdama": 

IIDjirdama grows at Djukha and at Schafiatha (in Babylonia), and is a 
powerful poison which kills quickly. It is a taU plant with smaUleaves, its 
stem attains the height of a meter. It has a white roselike flower and 
its taste is even more pungent than that of mustard. A person who has 
had 2-2,5 drachms of the pulverized plant administred in his food feels 
a violent itching on the surface of his body and a twisting and pains in 
the throat and the stomach and a violent burning, so that he of ten undresses 
and sits down naked. A weight of two "daniq's" administred in a beverage 
to pregnant women causes abortion, and a little of the powder rubbed on 
the skin causes burning and inflammation." 

It is questionable wh ether this plant is really meant for an Echinops, as 
the description corresponds more with that of a pungent crucifer. The 
name, however, agrees with that O{FORSKAHL, Flora aegyptiaco·arabicai but 
it must not be forgotten that FORSKAHL'S names are of modern times, whilst 
those of IBN WAHSCHIJA date from ab out 800-900. It is, however, 
true that Echinops bas in deed been proved to contain a rapidly killing 
poison, while if the last line of IBN WAHSCHIJA is intended for the pappus, 
th is is also in complete accordance with the facts tbat it burns on the skin 
exactly like itchpowder. (Mucuna.) 

A notice in the Pharmacographia Indica seems important, that Echi· 
nops echinatus DC. is an Indian medicinal plant, caUed in sanskrit "Utáti" 
and sold in the bazaars as "Utkátara". The root is bitter and serves as a 
tonic and diuretic. I may not, however, omit to state that Prof. Dr. H. KERN 
of Leiden does not believe Utáti to be a sanskrit word and said that Echinops 
is not to be found in literature on ancient Indian medicine. Messrs. D. HOOPER 
and G. WATT of Calcutta, coeditors of the said Pharmacographia, could not 
as yet give me further particulars on the subject of Utáti, but they have 
promised to order material of this drug for me from Mysore, to ascertain 
whether the action is due to echinopsine. 

For the preparation of Echinopsine chiefly use has been made of 
the above mentioned fruits of Echinops Ritro L., coUected for this 
purpose by Messrs . HAAGE and SCHMIDT of Erfurt. The first difficulty 
experienced with this material was its unusual bulk, which excluded 
the use of extraction-apparatus of ol'dinary size. Fully two-thirds of 
it was a straw-like chaft', a stift' tile·like involucrum, which could 
only be separated with very great diffirulty ft'om the fruit proper. 
À great deal of trouble was caused by the shal'p bail's on tbe fruit, 
acting on tbe skin like itcbpowder j by rubbing tbe fingers with oil 
tbis could be somewbat guarded against. The fruits yield 2Js of 
seed and lis of cbaft'" but tbe commercial article consists to the extent 
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of one-half of empty fruits. The hard exterior (yielding 5,4: pCt. of 
ash) does not contain al kaloid , but yieldil 8. dark colored extract 
which impedes the purification of the alkaloid contained in the fruits. 
An aqueous decoction of the fruits tastes bitter yet at 1 : 3000-4000, 
but thai of the involucrum is tasteless. It is, 'therefore, advisable to 
remove the involucra in order to obtain a cleaner and less bulky 
material, but this end cannot be attained either by crushing and grind
ing, or by sifting; the only way is by peeling the fruits by hand, 
but this is very tedious work. Under those circumstances, I have 
called in the aid of the go,!-ernor of the penitentiary at Haarlem 
where this labour of separating the chafl' has been perforJiIled by 
convicts. One kilogram crude material contains 36000 fruits and 
measures 10 dM3. 

The purified material (32 pCt. by weight of the original) was 
passed through a sieve, to re move the hairs, ground next and again 
sifted to retain pieces of the fruit'-shell. The powdered seed boiled 
with 10 times its weight of alcohol of 95 pCt. yielded at the first 
extraction 19,2 and at the second 4 pCt. of extract, total 23,2 pCt. 
which high percentage is caused hy the fatty oil from the seeds 
which has dissolved in the alcohol. The material was, therefore, 
first deprived of its oil by extraction with below 50° rectified_ 
petroleum ether, which does not dissolve any alkaloid. The powder
mayalso be moistened with an equal weight of ether and then 
strongly pressed; nearly all the oil is thus removed with the ether. 
This seedcake was then dried, again pulverized and now percolated 
to exhaue:tion with alcohol of 95 pCt. mixed with 3 pCt. of acetic 
acid. A good yield is also obtained by boiling a few times with 
alcohol containing acetic acid and pressing" warm each time. Of 
the straw-yellow tincture the alcohol was distilled ofl'. The remnants 
of this extraction were only bitter at 1 : 150, being 1/20 to %,7 

of the original bitterness. The alcoholic extract had a peculiar 
)zonelike odour; it was taken up with water and filtered; remained 
on the filter a little of a not-bitter resin, but the filtrate was inten
sely bitter. This was once more shaken out with petroleum ether, 
a Jarge q'uantity of chloroform added, the acid nearly neutralized 
with sodium carbonate and the whole thoroughly shaken, aftel' the 
addition of an aqueous solution of caustic potash, slightly in ex~ess. 
The extraction with chloroform was repeated three times; all the 
alkaloid goes into the sol vents; after di stilling bfl' the chloroform, it 
remains as a light-yellow crystalline mass which dissolves readily 
in alcohol; the solution is strongly green fluorescent. This solution is 
decolorized by animal charcoal, but it retains its flnorescence, which 
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property is shared by the crystals. There is, however, a liquid 
extremely weIl adapted to complete the purification of the crystalline 
vegetable base present in this complex; it is pure benzene. This 
readily dissolves the alkaloid by warming, but on cooling oft' separates 
practically all out, leavillg thc fluorescent admixture in solution. 

In this manner, by repeated crystallisation until a substance of 
constant melting point is obtained and' also by the judicious use of 
animal charcoal, a pure and unmixed chemical body is obtained, 
EC,hinopsine. This substance mayalso be obtained in an equally 
pure state by a repeated crystallisation from boiling water. 

In this way 0,5 pCt. of Echinopsine, was obtained from the 
chaff·deprived fruits of E. Ritro; about equally large is the yield 
of Echinopsine, from thc fruits of other species, analysed by me, 
such as E. bannatieus, exaltatus, globifer, niveus, paniculatus, 
sphaerocephalus , syriacus, viscosus; the yield of Echinopsine from 
select material of E. humilis. and elongatus was considerably 
higher; from the first named species it amounted to 1,20. pCt. (!), 
thc other yielded 0,84 pCt. Material received from Erfurt in 
February 1900 also yielded quite 0,8' pCt. of Echinopsine and 
in addition 0,1 pCt. of Echinops-fluorescine and 0,15 pCt. of 
Echinopseine. The amount of alkaloid in the Jcaves of E. ban
natieus, dahuricus, nivalis, p latylep is, which like those of E. Ritro 
hardly taste bitter, does not exceed 0,01 pCt. in the fresh or 
0,04 pCt. in thc dry material. It is considerably higher in the 
leavcs of E. microcephalus, viscosus and globifer, which are all per
ceptibly bitter. From the fl'esh roots of E. Ritro about 0,1 pCt. of 
Echinopsine may be prepared. 

Echinopsine obtained by this process crystallises in thin colourless 
needles of several cM. in length, forming feathèry groups. As has 
already been shown, it possesses the general properties of an alkaloid ; 
it contains nitrogen, and leaves no ash. Tt is a weak base; the crystals 
when pressed bet ween moist red 'litmus paper do not colour this 
blue. The melting point is exactly 1520 C. When heated higher 
Echinopsine remains unaltered for a long time, then decomposes 
and burnl:l with a sooty flame. 

Echinopsine dissolves 1: 60 in water at 15°; in boiling water it 
dissolves very readily 1 : 6. The alkaloid practically all separates 
from the saturated solntion on cooling, first anhydrous; tbe Huid 
th en solidifies to a snow-white ma ss iiquifying again up on the 
addition of hydrochloric Hcid. Echinupsine dissolved in water shows 
very bcautifully the pbenolllenon of supersaturation j tbe introduction 
of a minute 'crystal iuto the solution soon ('auses an abundant 
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separation of the alkaloid. On slow evaporation, Eehinopsine may 
be obtained in large transparent hydrated crystals j tbese- bccome 
opaque when heated with water, tefore dissolving, owing to loss of 
water of crystallisation. 

Echinopsino iR easily soluble in methyl-, ethyl- and amyl-alcohol, 
not so easily in carbon disulphide, insoluble in petroleum ether. 
The base is soluble in ethyl ether wh en freshly precipitated, but 
when crystallised it requires about. 600 parts of that solvent at 15°; 
this is the reason why ethyl ether is· not suitable as an extraction 
liquid for Echinopsine. Chloroform is a very suitable Huid, which 
dissolves the alkaloid at the oidinary temperature in all proportions 
and leaves it in a unaltered state on evaporatiou. Benzene dissolves 
it but sparingly in the co1«1 (15°), but easily at 80°, about 1 in 10 j 
this Huid is, therefore, weU adapted for the pllrification of Echinopsine. 
The hydrated base is soluble in benzene with much more difficulty 
than the anhydrous compound j addition of water to tbe cold solution 
of the latter therefore causes a further separation of alkaloid. , 

The solutions of Echinopsine are all colourless and do not show 
fluorescence, neither when acidified with sulphuric acid. 

Echinopsine is optica lly inactive (a 2,5 pCt. alcoholic solution 
exarniued in a 10 cM. tube showed no polarisation at 15°.) 

An aqueous SOlUtiOll of eehinopsine-faintly acidified with hydro
chlorie aeid is a hitter-tasting liquid j a hypodermatical injection of 
10 milligrams in a mouse proverl fata!. Prof. Dr. R. KOB!l:RT of 
Rostock has, at my request, dosely stndied the poisonous aetion 
tsee Addendum I). 

Eehinopsine gives preeipitates with phospho-molybdie aeid, solution 
of iodine, Mayer's reagent, picric acid, tannin, mercurie chloride, 
gold- and platinie chloride, potassium thiocyanate, potassium ferro
cyanide and potassium chromate. The deliéacy of these general 
alkaloid-reagents is but moderately great; one drop of a solution of 
echinopsine 1/1000 giveR precipitates with a drop of all the said 
reagents j solutions of lhoooo only with the first five, of 1/100000 only 
with the first two. Solutions of 1/25000-1/30000 are to me hardly 
bitter j this is also the limit of the picl'ic acid and mercuric
potassium iodide test. (Mayer's l'eagent). 

The latter reagents are weIl adapted for micro-chemical reactions 
but an aqueous or alcoholic solution of iodine is so in a still higher 
deg;ree (limit 1 : 100000) j the CJ'yetalline precipitates obtainea with 
mercuric chloride, potassium thiocyanate, potassinm ferrocyanide and 
potassium chromate are also very useful. 

The localisation of Echinopsine in the tissues may be ver.y plainly 

" 
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traced by the aid of iodine solution which yields a beautiful crystalline 
precipitate in the cello This study has been undertaken by 
Prof. Dr. ED. VERSCHAFFELT at Amsterdam, who will communicate 
his preliminary resnIts in Addendum Il. 

Both the anhydrous and hydrated Echinopsine excel by crystaU
ising unusually easily; from every solvent even traces of alkaloid 
leave a beautiful crystalline spot. The hydrated crystals belong to 
the rho}llbic system. 

Echinopsine, althongh a weak base, is very stabIe. 
Echinopsine does not deeompose, when melted,' until 350°, when 

it gradually eh ars, but even af ter ha ving been heated for an honr 
at 450°, the liquified mass yield yet about one-third of unaltered 
alkaloid. Melted with potassium hydroxide it gradually forms a 
redlead-coloured resin, whilst ammonia is being evolved and an odour 
of pyridine is perceptabJe. Eehinopsine dissolves almost eolourless 
in mineral acids, also in sulph.uric acid on adding weak or strong 
oxidising agents. It also yields, under circllmstances to be investigated 
later on, particularly by the action of acids by a high temperature, 
a decomposition product, which may be recrystallised from water 
and then appears as brown hard nitrogenous crystals which still 
give alkaloidal reactions, may be extracted from an acid fluid, by 
means of chloroform, and melt at 198°. 

Echinopsine has a special reaction which should not be over100ked. 
Moistened with a dilute solution of ferric chloride it gives a fine 
blood-red colour; other colour reactions have not yet been observed. 

This base forms a number of salts eminent~y crystalline but of 
a 100se combination ; the amount of water of crystallisation is not 
conRtant. 

The first combustions of the Echinops-alkaloid elid not give con
curring figures for carbon. The melting point was not only raised, 
(at first it was 140°), when the total alkaloid, however colourless, 
was still further purified, but the percflntage of carbon (at first 
73 pCt.) 1) increased owing to the previous ad mixture of accom
panying alkaloid close1y related to Echinopsine. But even the analYl:!is 
of chemically pure Echinopsine presents difficulties; this substance 
is extraordinarily troublesome to ignite and gives easily a too Iow 
carbon figure unJess it is ignited in a Cllrrent of oxygen. I will 

I) Analyses of tke total allcaloid: 

0,1760 gr. gave 0,4734 gr. of CO~ and 0,0950 gr. of H20, therefore C. 73,4 pCt. and H 6,0 pUt. 

0,1366 v " 0,3650 • " I 0,0818 "" " , 72,9 " , , 6,6 /1 

0,1522, 11 12,3 C.C. of N. at 13° and 765 Dl m. therefore N. 9,5 pCt. 

2 
Proceedings Royal Acad. Amsterdam. Vol. lIl. 
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only mention here those elementary analyses, which have been used 
as the base of the formula. A part of the analyses was done by 
Mr. J. BACK, assistant in this laboratory. 

Estimation of carbon and hydrogen. 

J. I 0,1758 gr. of Echinopsine gave 0,0950 gr. of H20 and • : .•. gr. CO2 

II. 0,1522 /I , I1 0,0844 /I , /f 0,4290, 11 

lIl. 0,2208, 11 , 0,n94 11 11 " 0,6186, /I 

IV. 0,1196 11 11 • 0,0606 11 , , 0,:3368 11 , 

therefore: 
I. 

H. 6,0 pCt. 
C. 

Ir: 
6,2 pCt. 

76,9 " 

lIl. 
6,0 pCt. 

76,4 11 

Estimation of nitrogen. 

IV. 
5,6 pCt. 

76,S' " 

0,2100 gr. of echinopsine analysed by the Kjeldahl·method con
sumed 11,6 cc. of N.ho sulphuric acid, corresponding with 7,7 pCt. 
of nitrogen. 

0,2410 gr. consumed 12,8 cc. N./Io acid, corresponding with 7,4 pCt. 
of nitrogen. 

Determination of the molecular weight. 
Mol. Weight. 

0,0820 gr. of ecl1inopaiue in 17,5 gr. of henzene gives an increase of 0,07° 157 
0,5063 , H » 11,9 11 11 alcohol " 11 If , 0,28° 175 
0,5740' H" , »17,5 , I benzene , " " 11 0,46° 185 
0,8310 " If , 17,5 , 11 11 11 " , 0,700 177 
0,9890 If 11 If D 17,5 11 11 I , 11 V , 0,79° 186 
0,1990 JI H n ,,17,5 11 If H 11" 11 11 0,16° 185 
0,5020 HU' 11 17,5 u, , "' H p 0,430 174 

The elementary CompOSltIon may be expressed by the formula 
Cn B9 NO. The analytical figures a1so agree weIl with (ClI HJO NO)g, 
but this formula must be rejected on account of the resultt:! of the 
determination of the molecular weight. 

Found. Calculated for Cu H, NO. 
I. II. lIr. IV. V. VI. 

H. 6,0 6,2 6,0 5,6 5,3 
C. 76,9 76,4 76,S 77,2 
R 7~ 73 8~ 
o. 

-The calculated molecular weight of ihis formula is 17]; the 
average of the found molecular weight is 177. 

Estimation of water in hydrated echinopsine. 
Found. Calculated Ior Cn HD NO, aq. 

10,3 pCt. 10,0 pCt. 10,0 pCt. 9,3 pCt. 9,5 pCt. 
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.A.nalysis of some salts of echinopsine. 

Echinopsine hydrochloride. Is a gritty crystalline powder, easily 
soluble in warm water, and even in the cold more freely soluble 
than the free base. If a erystaI of hydrated Echinopsine is added to 
a drop of dilute hydrochloric acid, it changes into a white crystalline 
powder, which disappears on warming. On slow evaporation the 
salt is deposited in fine, larg~ rhombohedra, on rapid evaporation in 
microscopie six-sided plates. The hydrochloride is weIl adapted 
for physiological experiments; at first it tastes acid, afterwards per
sistently bitter. It loses hydrochloric acid already at 105°. The 
air-dried salt, pressed between blotting-paper, retainsfrom 6,9-14,4 pCt. 
of water (2 mols. of water = 14,8 pCt.), wbich it soon loses when placed 
in a dessiccator over sulphuric acid. 

Ämount of hydrochloric acid (of the anhydrous salt). 
1) 0,2080 gr. takes 0,972 cc. N./potash or 0,0352 gr. or 16.9 pct. of H Cl. 
2) 0,1367 It " 0,631 11 "" 0,0232 " " 16.9" " " 
3) 0,2147" " 1,025 I' "" 0,0374 " ,. 17.4" " ." 

Found. Calculated for Cil Hg NO, H Cl 
16,9 pct. 16,9 pct. 17,4 pct. 17,7 pct. 

Echinopsine sulphate. Crystallises very beautifully in elongated colour
less needles, which dissolve slowly in cold but easily in warm water. 

Tbe sulpbates prepared by me contained respecti ve1y 26,0 pct. 
(8 mols. = 24,6 pct) and 8,2 pct. (2 mols. = 7,ö pct.) of water. 

Amount of sulphuric acid (calculated on the anhydrous sulphate). 
1) 0,1777 gr. ofaobydr. sulph. takes 0,840 cc. oIN. potash Ol' 0,0412 gr. or 23;2 pct. ofH2 804 

2) 0,1139 " " sulph. + 2 aq. " 0,490"" " " 0,0240 " " 22,9 "" " 
Found Calculated for (Cn H g NO)2' H9 804 

23,2 pct. 22,9 pct. 22,3 pct. 

Echinopsine nitrate. Is also crystalline and not easily soluble in 
cold, easily soluble in warm water . 

.A.mount of nitric aeid (of thé anhydrous salt). 
1) 0,1462 gr. takes 0,640 cc. N.potash or 0,0403 gr. or 27,5 pCt. of HNOa 
2) 0,0521 !I » 0,230 /I " ,,0,0115»» 27,8 11 " » 

Found Calculated for Cu H9 NO, BNOs 
27,5 pCt. 27,8 pCt. 26,9 pCt. 

Echinopsine oxalate. .A. beautifully crystallised salt whicb, when 
air-dried, contained 18,1 pOt. of' water (4 mols. -= 14,3 pOt.) . 

.A.mount of oxalie acid (in the anhydrous salt). 
0,1777 gr. takes 0,830 cc. N.potash or 0,0373 gr. or 20,9 pCt. of d~ 0 4 H2 

Found Calculated for (Ou Hg NO)2' C2 0 4 H2 

20,9 pCt. 20,8 pCt. 

Echinopsine piorate. .A. yellow crystalline salt very slightly solu
bIe in w,ater, of varying composition and meIting at about 215°, decom
posing hereby. The picrie acid, present in the alkaloidal salt and 

2* 
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obtained by shaking with petroleum ether af ter decomposition with 
sulphuric acid, amounted to 81,1 pCt. 

On combustion 0,1040 gl·. of the same picrate gave 0,0380 gr. 
of H20 and 0,1598 gr. of CO2• 

Found Calculated 
C. 41,9 pCt. 40,0 pCt. 
H. 4,0 .. 3,6 l) 

Echinopsine mercuric chloride. Is beautifully crystalline and 
melts exactly at 204°. It dissolves easily in boiling water, but 
requires 120 parts of water at 15°. 

Echinopsine mercurie iodide. The precipitate caused in a solution 
of echinopsine containing a slight excess of hydrochloric acid by 
Mayer's reagent is a yellowish-white, sticky, substance, which becomes 
coarse]y crystalline when recrystallised from ale'ohol of 50 pCt. and 
melts at 178°. 0,150 gram of echinopsine yieldcd 0,455 gram of 
this bi-iodide, dried at 100°. 

Found Calculated for (CII lig NO, HJ)2 + Hg J2. 
33,0 pCt. of alkaloid. 32,6 pCt. 

Echinopsine acetate. Is also crystalline and readily solnble, evell 
in cold water, to a bitter Huid; the salt is very unstable and Ioses 
its acetic acid completely at 100°. 

Iodo-echinopsine. The crystalline precipitate prûduced by a solution -
of iodine in a liquid containing echinopsine differs i TI colour and 
composjtion accOlding to the concentration and excess of the iodine 
employed; it also readily loses some of the iodine. It is somewhat 
soluble in boiling water and scparates on cooling with a light-choco
late colour. When carefully dried, washed with carbon disulphide 
and recrystallised from alcohol, it forms a coffee-coloured crystalline 
powder, which melts at about 135°, but gets al ready sticky before 
that tempel'ature is reached. 

As regards the nature of Echinopsine, the following should be 
oLserved. It cannot escape notiee that this substance behaves chemic
ally more like an amide than an amine, namely like a cyclical 
amide, while the physiological action is strychnine-like similar to 
piperidone, pyrrolidone etc. To this may be added that the colour
ation with ferric chloride and the empirical composition also seem to 
point to a substance as phenylpyridone. I made some reduction 
and oxidation experiments 1) to learn the structure of Echinopsine, 

I) Reauction of ecltinopsine. Hented in IJ, I combustion tube with zinc dust in a 
slow current of hydrogen, echinopsine yields a dlstillate consisting of a yellowish
brown oily liquid having the odour of pyridine; it is heavier than water nnd insoluble 
t11arein but is readily dissolved on adding hydrochloric acid. This solution was 
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but the greater pOl'tion of my material had already beelt exhausted 
by the general study of this new substance. I can only say, that 
Echinopsine, although not identical with the phenylpyridone described 
in the Berl. Ber. XXIX, 1697 is pt'obably related to the same. 

The analysis of Echinops is not completed with the investigation 
of crystalline Echinopsine. 

There are, namely, indications that other special substances occur 
in this material. In the first pI ace it must be observed that the 
crystalline Echinopsine possesses only a part of the bitterness of the 
raw material ; a decoction of the fruits is still bitter in the pro
portion of 1 : 3000-4000, Echinopsine hardly any more at 1 : 30.000 ; 
there must, therefore, exist some other active components which 
cause or increase this bitterness. 

The precipitate from Mayer's reagent in the acidulated aqueous 
solution of alcoholic extract of echinops is much more considerable 
than can be accounted for by the quantity of echinopsine wilich 
might be prepared from it, and it even amounts to 0,2 gram for 
1 gram of seed, being of a different nature than the precipitate 
obtained by Mayers reagent in an acidulated watery solution ofpure 
Echinopsine; it has for jnstance a much higher melting-point. 

I have dE'voted no small amount of labour to the study of these 
other constituents, but for the present I can only offer the Echin
opsine in a pure condition and venture some information about the 
accompanying alkaloids, without wishing to pretend that the following 
alone account for the missing echinops-alkaloid-complex. 

It has already been mentioned th at the purified total-alkaloid, when 
repeatedly recrystallised from benzene, gradually acquires a higher 
melting-point. rrhere is present a crystalline accompanying alkaloid 

repeated1y wnshecl with ether, the base wns liherated with aqucolls CllUstic potash, 
distilled in a current of steam and removed from the milky disttllate by menns of 
ether. It was thus obtained as a colourless hquid of the same mam properties as the 
crude distillate, namely heavier than water and insoluble In the same. Wlth hydrochloric 
acid it forms a compound soluble in water of a burning taste givmg crystalline precip
itates with picric acid (yellowish.white), platinum and gold ch10rides (first yellow, 
afterwards pale-red) which aU melt and deco)llpose at 2000

; also a compound with 
mercurie chloride consistÏllg of ve1vet-like white needIes melting at 159°. These data. 
do not admit of any ldentification with one of the known phenylpyridmes. 

Oxidat!On of ecltinopsine. Echi.nopsine was oXldised in the cold with 6 times its 
weight of a neutral 4 pCt. solution of potassium pprmanganate, the filtrate was treated 
with carbon dioxide, evapornted to dryness and the lesidue extracted with alcohol 
containing hydrochlorlC uCld; this 1eft undissolvcd a nitrogenous, hygroscopic substance 
soluble in water but insolub1e in ether. It begins to melt ut about 120° and yie1ds 
on strenger heating an oily distillate having the odour of pylÎdine IInd diphenylamine. 
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(f3-Ecltinopsine), which bebaves in most respects like Echinopsine, but 
passes readily from tbo acid solution into chloroform, gives no colour 
reaction with ferril' chloridE', contains less carbon than Echinopsine, 
is a still more weak base and melts at 135°. 

Mention has also already been made of the substance soluble in 
water, alcohol, amyl alcohol and benzene, which causes the green 
fluorescence of the solutions of the crude alkaloid, Echinops-fiuores
cine. The benzene motherliquor obtained in the prepal'ation of 
Echinopsine, leaves on evaporation a dark brown mass; this was 
dissoIvE'd in diIute acetic acid, wasbed with petroleumether and 
ethylether and then again shakén out with chloroform; the fluorescine 
passes from tbe acid, but more readily from the alkaline solution, 
into that solvent. It was dissolved in acidulated w~ter and precipi
tated with picric acid~-T.he picrate, af ter being washed with water 
and dried between blotting paper, formed a sulphur-yellow crystalline 
cake melting at 210°. Tbis picrate was decomposed with an aque
ous caustic potash of 10 pCt. and the base thus liberated was taken 
up with chloroform; it seemed to be ad mixed with much Echinopsine. 
Aftel' this had crystallised out, the fluorescine remained as a brown 
resinous substance of alkaloidal nature, meIting at 105", not bitter, 
and with an extraordinarily large fluorescing power. Tbe green 
fluorescence of the light brown solution is not changed by alka
lies i addition of acids renders it colourless but on exposure to 
the air it soon regains its colour and fluorescence. The yield of 
fluorescine is sm all , the fruits of E. exaltatus containing a larger 
quantity of it than any otber species, examined yet. To j udge from 
the picrate precipitato, the purified material of E. Ritro contains 
about 0,10 pCt. 

Thero is also in the motherliquor a non-fluorescent amorphous alka
loidal constituent, Ecllinopseïne, present. It is a brown mass decom
posing on the waterbath and turning cherry-rod thereby; this change 
of colour is also caused by alkalis. From an acid, but more readily 
from an alkaline solution, it passes into chloroform. The solution 
in very dilute sulphuric acid is bitter-adstringellt, has a flavour of 
benzyIaldehydo anel gives with picric acid an abundant yellowish
gl'een precipitate, also melting above 200°, decomposing thereby. 
This picrate was also decomposed by aqueoue caustic potash and 
the base dissolved in chloroform; the chloroform residu, which was 
cherrY-l'ed, still contained much Echinopsine; the Echinopseïne being 
obtainable only as aresinous mass, melting at 125° i I therefore, 
had to give up further r{'search in this direction. 

Both Echinopseïne and Echinops-fluorescine obstinately adhere to 



- 28 -

( 23 ) 

Echinopsine, causing this to exhibit for a long time a-green fluores
cence and to turn occasionally pink, wben moistened with distilled 
water. This colourreaction is caused by a trace of alkali, presents 
in the distilled water, from the glass vessel. 

Finally a few words on Echinops oil, which is met with wben 
extracting tbe alkaloid. When quantitatively estimating the oil by 
extraction with ether, 27,5 pCt. was found in the seed of E.Ritro. 
It is a paIe yellow sweet thick oil, of 0,930 sp. gr. at 15°, slowly drying. 
It bas the striking property to dissolve on warming in an cqual volume 
of absolute alcohol; on cooling an emulsion is formed and then 
the oil separates aImost completely; at 15° the oil requires about 
25 parts of alcohol for solution. Methylalcohol does not possess 
this remarkable property 1). The 011 is soluble in all proportions in 
kerosene, ether, carbon disulphide and benzene, also in an equal 
volume of warm glacial ace tic acid. The saponification number ofthe 
oil is 194°, the melting point of the solid fatty acids 41° and the 
solidifying point 39°. 

M.. GRESHOFF 
Laboratory, Colonial Museum, Haarlem. 

ADDENDUM I. 

On the physiological action of eckinopsine. 

By Professor Dr. R. KOB}JRT. 

In October 1899, I received from Dr. M. GRESHOFF of Haarlem 
half a gTam of crystallised Echinopsine hydrochloride. 

With this small quantity only 3 experiments could be made with 
frogs and 2 with guinea-pigs. 

These, however, Sl1fficed to establish the following facts: 
1. Echinopsine hydrochloride is a poison for cold-blooded and 

warm-blooded animals (frogs and guinea-pigs). 
2. With both classes of animals the actions are similar and 

consist of an irritation of the motor-centres of the nervous sybtem. 
3. Both brain and spin al chord are taking part in this irrita

tion. The irritation of the brain is only noticed in the case of 
warm-blooded animals and then shows itself as trismus and most 
violent spasmodic contraction of the masseteres. The irritation of 

1) Other fatty oils from the seeds of the Composltae are also more soluble in 
boiling alcohol than is usually the case, but not to such an extent as Echinops 011. 
Madla ou for instanee, requires 6 parts of boiling and 30 parts of cold alcohol. 
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the spÎnal chord which, in the case of the frog, is not stopped 
by severing the brain, is apparent from the convulsion of -all the 
four extremities. In the case of warm-blooded animals these may 
appear as klonus and tonus occasionally even as opisthotonus. 

4. When a very·large dose is administred to a frog, the irrita
tion installtly passes into paralysis, whilst with a smaller dose the 
irl'itation symptoms may continue for 4-5 hours. 

5. When a dose is administred to cold-blooded animals in suffi
cient quantity to cause irritation, it will 'be noticed that before the 
first convulsions set in and during the intervals, there exists a state 
of tor por, dotage and reflex-deoility. 

6. In the experiments on frogs the heart is decidedly weakened 
and such by doses which do not yet paralyse the spin al chord. 

7. The complete action of echinopsine reminds of that of a mix
ture of strychnine and brucine but is not identical with the same, 
as the ophisthotonus ~nd the reflex-irritation are not so markecl as 
with minimal doses of strychnine and also because the heart is more 
affected than is the case with strychnine._ 

8. Doses: A subcutane dose of 0,02 gl'. does not affect esculentae 
of ordinal'y size (winter frogs); 0,05 gr. causes an irrition lasting, 
with intervals, for several houl's; 0,08 gr. paralyses the nervous __ 
system without pre\'ious irl'itation and also paralyses the heart at , 
the same time. 

A close of 0,10 gr. has no visible effect on a guinea-pig weighing 
325 gr., but 0,25 gr. kills the animal aftel' suffering violent spasms 
for several hours. 

9. Antidotes for echinopsine are to be looked for among those 
narcotics which do not weakell the heart. -, 

10. It is not probable that anatomical- changes occur in echinop
sine poisoning cases, but I will pay attention to this matter when 
making experiments with the fresh material recently received from 
Haarlem. 

Institute for pharmacology and physiological 
chemistry , Uni versity, Rostock. 

A D DEN D U M 11. 

On the localisation of echinopsine. 

By Professor Dr. E. VERSCHAFFELT. 

The research on the micl'ochemical localisation of echinopsine in 
the tissues will form the subject of an elaborate paper in which 
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it wiIl a]so be attempted to trace the relation between this localisation 
and the physiological signification of the alkaloid. Provisionally, 
attention will only be called to a few particulars respecting the 
distribution of echinopsine in the fruit of Eckinops Eitl'o. For this 
purpose the method originally proposed by ERRERA was employed 1), 
which is based on the precipitation of the alkaloid in the ceUs by 
means of iodine dissolved in _ potassium iodide or alcohol. With 
some plants lI!istakes may be made when using this methad on 
account of the presence of other substances whieh also give preci
pitatès with iodine such as amines, glucosides, albuminoids; but when 
dealing with Eckinops no fear need be entertained as the iodo-echi
nopsine precipitate is not like tbe others 2) in the form of a minute 
granular brownish-red precipitate but in large exceedingly character
is tic crystals. The crystals formed in the tissues will be found 
under the microscope to "be similar in appearance to the iodo-com
pound of pure echinopsine . .As solutions of iodine were so eminently 
satisfactory it was not thought necessary to use other reagents on 
an extensive scale. The manner these behave towards the alkaloid 
in the tissues will be mentioned later on. " 

The scales of the involucrum which surround the ripe fruit 
in a dry condition, are free from alkaloid just like the dry fruit 
walls and their toothed hairs. The eelIs of the embryo, on the 
contrary, are mostly rich in alkaloid. This Heshy straight embryo 
practically occupies thc space of the coalesced fruit-wall and seed
coat as far as the latter is developed. The embryo is surrounded 
with a double la,yer of thick-walled cells which like the celIs of the 
embryo itself are ,filled with reserve material. 

The morphological nature of tbis membrane which ea8ily detaches 
either way from the embryo, as weU as from the fruit-wall, cannot 
be explained with certainty without watching the course of development. 
H lllay be a rudimentary endosperm, also a seed integument. The cells 
of the embryo contain fatty oil and albuminoids as reserve materiaIs. 
Thc fatty oil may be rendered visible in the ordinary way by killing the 
ceUs, for instance, by heating or by means of an acid which causes 
the oil to be Jiberated and collect in large drops. The ceUs are 
olosely filled with aleuron-granules, wh~ch are present in such large 
Dumbers that they are only scparated from eltch other bya network 

1) ERKER!., MAlS'.l'RIAU et CLA.USTRIAU. Ann. Soc. BelfIe de Mzar08c. 12,1889. ERRER!. 

ibid. 13, 1\fémoires. 
~) Oompare the researches of DE WÈVRE, DE WiLDEMAN, ANEMA, MOLLE, LOTSY, 

BARTH nnd others. 
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of thin plates consisting of amorphous oil-containing protoplasin and 
often flatten one another (see Fig.) .. These aleurbn-granulel:! a're 
sm all , their diameter being at the most one third of the size of those 
of Ricinus and Linu,m, but they are fairly equal in size. ,Their 
further strueture may be silently passed over. 

The eeUs of the al,ready mentioned double layer present around 
the embryo also contaÎn granules of an albuminous nature but these 
are mueh smaller than the aleuron-granules of the em bry~ . 

.Annexed figure gives a representation of 
a group of eelIs from the cotyledons of 
Echinops Ritro af ter treating a seetion with 
glycerol mixed with tin ct ure of iodine until 
the mixture assumed a mahogany-brown colour. 
I have made frequent use of this mixture as 
weIl as of iodine dissolved in potassium iodide: 
Af ter the sections had stayea for a while in 
the mixture, they were preserved and mouuted 
in pure glycerol. 

The figure does not, however, show'what 
is seen, the moment the objects ~re treated with 
the reagent, then large crystals are not for
med at OIice. In the beginning a minute brown-' 

Fig. ish-red granular precipitate is obtained which, 
a, borders of the aleuron- however, unites af ter a few minutes to the 

granules. larger aggregations of dark coloured needIes, 
o. most numerons needle- h It" t t' t t h d h 

h d t ' f th as S own. IS lil eres!Dg 0 wa e un er t e 
S ape aggrega lons 0 e .' " . 
iodo-echinopsine compound. mlCroseOpe the first formahon of the prempltate ; 

c. less numerous browll it then appears to form in the aleuron-granules 
plates. which instantly turn brownish-red and' show 
afterwards inside their mass darker and larger crystals. The 
amorphous protoplasm between the aleuron-granules turns at once 
pale yellow and remains so; Eehinopsine oeeurs, therefore, only in 
the aleuron-granules and was in eonsequence formed within the 
vacuolae of 'the unripe seed, which' is as IDight be expeeted. 

'The crystals which are visible in the eelIs af ter some time belong 
to two very plainly differen,t forms. The more numerous are dark 
coloured manifoldly-grouped needles b. These agree, as regards appea
rance, very wen with the preeipitate caused in a solution of pure 
eehinopsin~ of whieh Dr. GRESHOFF was kind enough to present me 
with a certain quantity. Between these needies are notieed a smaller 
number of light brown, more plate-like crystals of a peeuliar feathery 
appearanee C, which I have not been able to observe in the iodine-
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precipitate of the pure alkaloid, at least uuder the conditions in 
which I worked, so that' I feel inclined to suspect the presence of 
the iodo-compound of au accompanying alkaloid. The double peripheric 
layer of the seed coutains alkaloid. In tbe cotyledons, a beginning of 
differentiation is observable in palisade and spongy parenchyma, a 
phenomenon occurring in different plants the cotyledons of wbich 
afterwards turn green and assimilate (for installce, Bm8sica, Linum). 
There is, apparently, no difference in tbe amount of alkaloid contained 
in t~e tissues. Tbe epidermis of the cotyledons also contains much 
alkaloid. Tbe procambium bundIes which traversë the seed lobes are, 
on the other hand, perfectly free from a1ka1oid and the same is true 
of those of the root. The bark of the latter is quite as ricb in 
echinopsine as the' tissue of the cotyledons. 

The centre of the root which is surrounded by the procambium 
bund1es is poor in alkaloid, so th at here, a cylinder poor in alkaloid 
is separated from tbe bark ric~ in alkaloid by a layer free from 
alkaloid. 

This want of alkaloid in the procambium of the embryo is 
interesting because, as will be more fully demonstrated later on, 
tolerably much alka10id is actually found in the bast (phloem) 
in the fUl'ther course of the development. 

I Botanical Laboratory, University, Amsterdam. 

Physics. - "On the relation between Radiation and Moleculm' 
Attraction". By J. D. "VAN DER WAALS JR'. (Communicated 
by Prof. J. D. VAN DER WAALS). 

At the end of a paper in the Proceedings of the Royal Acad. of 
Sciences' of March 1900 I expressed my intention of investigating 
whether the ponderomotoric action of radiation could give an expla
nation of molecular attraction. The course which I wou1d take, was 
the solution of' the equations of motion of a number of vibrators 
which act on each other aud are subjected to no other forces. Ti 
we could solve these equatiolls, and if this action proved sufficient 
to explain tlle molecular attraction, we might be able to deduce frorn 
this whether the quantity a of the equation of state is a function of 
the temperature, and if so, what function, and whether tbe attraction 
is really proportional to the square of the density, or if it is so 
on1y by approximation. 

I have however, not succeeded in finding the function solution 
of this problem, not even for the case that there are on1y two 
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vibrators. Nor is the general solution, to be used. Tbe 
action of the molecular force is only felt if the distance of the 

molecules is very smalI. Then ~ or t'-t is very small and we 

should have to take into account a great many terms. 
The following considerations may however serve for a preliminary 

investigation as to whether the order of the quantity of the forces of 
radiation is the same as that of the molecular force!:!, or whether they 
are so small that we are forred to assume that there acts besides 
the forces of radiation, auother~ kind of force between the molecules. 

For this purpose we examine how mueh smaller tbe quantity of 
enel'gy is, which a set of vibrators has, wh en tbey arc influenced 
by one another, than the sum of the energy whieh every vibrator 
would have separately, if it were alone in space with its own am
plitude The difference of these two quantities of ellergy may be 
considered as the energy wbich the vibrators would lose if tbey 
were brought from au infinite distance to tbe places they now 
occupy, provided care' be taken, that they had the same amplitude 
during the whole process (i. e. tbat tbe process was carried out 
isothermically). 

An exact solution of tbis problem would be very intricate aud_ 
the energy of the field would certaillly have to be taken into cou
sideration. J shall, ho wever, assume that the energy to be found is 
by approximation represented by: 

! I 4 n V 2 (f az + 9 ay + h az) • 

This comes to the same thiug as if we put the moment of a 
vibrator 0 at a given moment and then seek the difference of the 
following two quantities of energy: 

1 st The energy necessary for giving the moment a to the molecule 
when it is not subjected to any action of other molecules. 

2nd The energy necessary for giving the moment a to the molecule, 
when it is in a region, where the electrical displacement has the 
components f, g, lt. 

If we take the sum of these quantities of energy for all molecules, 
we have taken both tbe energy wbicb molecule I bas with respect 
to molecule IJ and that wbich molecule IJ has with respect to 
molecule J. We have therefore to di vide the result by 2. 

If the quantities az and f ware independent of each other, f all 

added for all the molecules, would yield o. In consequence, ho wever, 
of the partial regulation of the vibrations of the molecules with 
respect to tbe electric forces, f and alt will not be independent. 
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(Compare "Entropy of Radiation H,r' Proc. Roy. Acad., Febr. 1900). 
The same holds of course also good for 9 ay and h az• 

I shall assume that every molecule on an average has absorbed 
the amplitude (J b from the field. lf we knew (J as function of the 
temperature and of tbe density for every substance we had a com
plete solution of the problem. We do not know (J however, and 
can only compute how great (J must be in order that the forces of 
radiation account for molecular attraction. We must find a fraction 
and we may expect that the fraction will not be very smaH. 

For fIshall take the value as it is calculated in "Entropy of 
Radiation I," (Proc. Roy. Acad., Dec. 1899). In doing so we are 
guilty of the iDconsistency of taking a value for I, calculated on 
the supposition, tbat the motion is perfectly irregular, while the 
energy which we are seeking, is the very consequence of the partial 
regulation. We cannot, however, calculate another value for I, if 
the way of regulation is not known and the mistake which we make 
in doing so, is probably slight. . 

The mean value of gay and lL az being equal to that of I az, we 
may write for the energy: 

3 
E = "2 I 4 at V2 I az 

and we need only take those terms of az which are caused by the 
forces of the field; so: 

( 
2nt 2nt) 

E = 6 n V2 (J I IJ cos -r + 12 sin --r X 

(
2nt 2nt) 

bZI C08 --;y- + bZ2 sin --;p-
wh ere 

bZ2 = - q 11 + ph 

4- n 2 f 
V2e2 Ti - ;; 1 

p = - 4 at ---;;:- (4 n;2 _ !..)2 + (~)2 ~ _1 (2 n)6 ) 
T2 m 3 m2 V2 T 

I) See note at the end of this paper. 
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\. 2nt 2nt 
On an average the terms contaming sin T cos T will become 

zero ánd also ihose containing the product 11/2' As the mean of 
2nt 2nt. 2 

both sinL -T and cos2 T IS 1, and the mean of 11 equal to that 
, 

2 
of /2, we find: 

E = 6 n V2 (j p I fi 

Por :$ li we may write 1 n 82, in which n represents the number 
of molecules per unity of volume and E the quantity, defined at 
pag. 322 (Proc. Roy. Acad., Dec. 1899). For E we may, however, 

-not take. the approximated value calculated there, which ho~ds only 
for points at sorne distance from the source. 

Let us represent a volume-element by 1'2 dr sin 0 dO dep and let us 
caU the shortest distance, to which two molecules can approach (J, then: 

GO .". 2w 

8
2 = 2 n a:I 16

1
n 2 J J J 1'2 drsin 0 dO dep. e-2

/Lr 

p 0 0 

4 n2)2 1 4 n 2 1 1 )J l(~ -;:S8in20+~ ~(5cos20-1)+;e(3c0820+1 • 

If we take into consideration that: 

~ -~ 

f sins 0 dO =: and J sin 0 C082 0 dO = : 
o 0 

this becomes: 
co 

82 =2 na2
-_ -IJ 

~I 8 n 
p 
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The first term may be' at onee integrated and furnishes: 

_1_ (4 n2 )2 ~ e-z(J.P • 
2 ft },2 3 

The two other terms cannot be integrated; if however we omit 

the factor e-z(J.r, the last term becomes predominant, viz 12 ~. 
(.13 

The terms with small 'I' appear to have most influence, even if 
e-z(J.r is omitted. This is a fortiori true if the factor e-z(J.r is pre
served. For terms with very small r the factor e-z(J.r is near]y 1, 

so that 12 _1_ is really an approximated value of thc illtegral of 
(.13 

the third term. Fm'ther ~ is great compared 
~3 , 

thr.t we may write by approxima~on: 

\ 1-- 1 
é=3n-az -3 . n ~I (} , 

. ] (4 n2)2 
with 2 ft );2 ,so 

In order to determine the quantity a;I we take into consideration 

that for one vibration tbe quantity of energy, emitted per second is 
2 8 ,,4 - 1 

equal to T "3 V 2 },3 a2• As a!I ="6 a2, we find: 

I represents the mean quantity of energy emitted by a molecule. 
E. WIEDE:MANN 1) calculates that 1 molecule platinum at a temp. of 
1000° emits 3,3.10- 16 Gr. cal. = 1,4.10-8 erg. per second. 

If we accept the law of STEPHAN, we find for I at about 0° tbe 
va]ue: 

1,4 
- 10-8 erg. = 2,2 10-11• 
54 

For tbe quantity of energy sought we find therefore: 

E = ~ ~ n2 ,},4 ~ P I (J • 

i32 ,,4 V (!3 

1) Wied. Ann. XXXVII, 2, BI. 203. 
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Wa shall use tbe following approximated values as given: 

n = 5.10 10 

V_ 3.1010 

(! = 3.10-8 

e 
-= 
m 

e2 
_ = 2,5.10-13 1) 
m 

Taking tbese values into account we can give pasimpler form. 
To tbat purpose we determine k from tbe equation: 

We have to use the poaitive root of this equation, which has a 
value of about 107• Now we see tbat 2 k2 is small compared with 
4n2 

- and may be neglected, so that we may write approximatively 
T2 

Let us substitute this in the equation : 

4 n2 f 2 e
2 

1 ( 4: n 2
) ___ =k2+ ____ k3-3k- 2). 

T2 m 3 m V T2 

The term with kS may be negleeted, and we find: 

4 n
2 _.f. = _ 3 k2 = _ ~ (~)2 (4 n2)2 
~ m 4 mV ~ 

This quantity is of the order 1014• The square of it oecurs in 
the denominator of pand is of the order 1028• This term may 
therefore be neglected, as tbe other term of the denominator 

e'" (2n\3]2 
[- - ) is of the order 1033• 80 we find for p: 
Vm T,-

3 ( e"')2 (4n
2)2 

V2 62 4";;;V T2 
p = 4n -;--(~.y (~~r (4;2l 

1) LORENTZ, Versl. Kon. Akad. v. Wetensch., Maart 1898. 
2) Proc. Royal Acad. of Sc. Amsterdam, Febr. 1900, p. 417. 
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27 1 e2 
" 

p= - --),~ 
}6 n m 

If we substitute this value for p in B, we fiud: 

243 1 ),G e2 1 
E= - -n2 ---;,Ja. 

512 n 5 Vm(!3 

80 we see th at E depends in a high degree on )" and that the 
value whieh we find, is quite determined by thc value for À which 
we assume. Now tbc quantity I is determined for a cOlltinuous spec
trum, and it is not at Ollce to be seen wbat value for À wo have 
to tako. I sball therefore have to con fine myself to ealeulate, w hat 
value À must have, to make l!J equal to thc energy of the molecular 
attraetioll. a is howcver alsa unknown and in order to caieulate À, 

we have to aSSllme a va.luc for a. If we put a = 1, we know 
that we take a toa great value -for a. The value of À, whieh we 
caleulate from it, is tllcrefol'e the minimum-value whieh À must have 
in order to make E equal to the enel'gy of the molecular attraetion. 

The energy of the molecular force, is, as we know, represented by 

:::.-. For 1 e.e.M. air under normal cireumstances th is is 2700 erg. 
o 

For 1 we have however taken the quantity of enel'gy emitted by 
one molecule platinum. Therefore we have to take also the quantity 

.!:.-. for platinum. As substances with great moleculal' weight have v c 

also a great value for a, we sha11 take a for platinum ten times as 
great as it is for air, and put thel'efore: 

.::... = 27 . 10a• 
v 

That platinum tlneler these circumstances forms a phasis of little 
stability or perhaps even au instabie phasis, is of na consequence. 

If we rephtco E by this vaiue of : and further ull quantities 

by their numerical values, we get: 

243 1 10
38 

Àtl 2,5 . 10-13 

27.103 = 512 nó 25. 3.1010 27. 10-24 2,2. 10-11 

or 
9.512 

),6 = n6 10-24-
137,5.10.n· 

Pl'oceedings Royal Acad. Amsterdam. Vol. nr. 
3 
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80 we find by approximation: 

).=3,16.10-4 • 

.At 00 the wavc-Iength of radiation emittcd in a sensible quantity 
is certainly greater than 10-4" while thc greatest wavc-lcngtbs 
measured amount to + 22.10-.1,. It is therefore no unsatisfactory 
result that we have to take for À as minimum 3,16. 10-4,. 

Thougb tbe numerical reilult may not have much value on account 
of the great uncertainty of the numbers used, yet it pleaJs rather 
in favour of the supposition tpat the cause of the molecular attraction 
must be looked for in radiation, tban against it. The more so, as 
tbis supposition is supported by its simplicity. It is true tbat an 
accurate calculation of the molecular attraction from the forces of 
radiation would be pretty intricate, but we cannot doubt of the 
cxistence of tbe forces of l'adiation and the question is only: "are 
they tbe only forces, or does thel'e exist another kind of force 
actillg between the molecules and giving an explanation of the 
molecular attI'action ?" .And certainly tbe assumption of the first 
alternative is simpIer than that of the second. In the meantime it 
will have to appeal' from later investigations ,vhether ihis suppo
sition will be able to explain the aetion of the molecular force!:l 
more in pal'ticulars. 

Note. The values for p mul '1 used here are not C]uite the same us those which 
I founcl for them on pag. 417 Proc. Roy. Acad., :I!'ehr. 1900. 

'rIVO mistakes occur namely in the values given there. First the two qualltities 
must llave the opposite sign, Secondly Prof. LORENTZ llas pointed out to me th at 
the formnla, from which I start, and which is borrolVed from fOl'mula 111 ot' his 
treatisf' in the Arch. Néel'!. XXV, 5, is not quite correct. 'rhe two terms of 111 
IUIVe both to be multiplieel with 21.1, 

1'0 rlemollstrate this, we continue the series of calculatious on pag. 486, which is 
thore without ~ood renson stopped at i, for two terms more, alld repluce the quantIty 
occllL'ring there: 

by 

'/' . 
x--x 

V 

'/'. 1'2 •• 1'3 ... 
x--x+--x---x 

V ::I V2 6 va 

For Xl we get then the following terms in additioll to those which LOltEN'l'Z tooI.. 
into UCCOUII t : 

1 ··f 1 "'f - --- x (10 'I' d~' + X ~ ,/,2 dr:' • 
l:! 11i V4 2411i V5 
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If we ue"O'lec' the terms wHh iJ
4

x and iJsx., as tIlEly are of the order ( :rr) 
dt I dt" .L'" 

w:th respect to ~ allel ~. auel if we notice thllt integrals like f Pu XU d'r' are zero, 
• 1,5 

becanse of the symmetry, these terms of XI cOllt1'Ïbute 01l1y the l'ollowillg terms forf: 

1 .. a2 J 1 , .. az J ' , 
8 n V 2 x a,u2 (Jo l' d,,' - 24;r; V 3 x a.&2 (/0 1':" (h • 

Now: 

and 

The two nelv parts of f nl'e together: 

1 "J (1 ('&-'1")21, e .. · 
--- x (! ,- - , cl" - _._-- X. 
t:l n V2 0 t 'I' '1'3 J ' 12'!1; V:; 

We have to multiply Ulis with 47r' /72 Po dr, in orde I' ia get the rorresponrling 
parts of the force acting all the ion in the direction of the JJ-axis, alld then to 
integrate over tlIe wllOIe ion. This gives: 

eg .. -
(lr' - -- x = 

3 V 

1'he v!Llue of the seeond term remains the same when we substitute (1/-9')2 or 
(z-z')~ for (3(,_x')2, anel is therefore one third of what we should get, ifwe snbstituted 
1,J for (X_II:')2. 1'he force whieh is to be added, becomes then: 

1 "J f (jo e
2

... 4 'f .. e
2 

--x flO clr;\ -dr;' --- X=--'!1; V 2 E ')o(J)d7:-l:--
3 " 'I' 3V 3 -.. "'3V 

and if this is addeel to the terms of IU, only ~/a of this 'last \'alue remains. 

Chemistr:y. - nPlumieride anrl its identify witk Agoniadine". hy 
Prof. A. P. N. FRANCHIMONT. 

The name Plumieride has been given in 1894 by Dr. BooRs:arA 
of Buitenzorg to a substance which he had isoJated from the bark of 
Plumiera acutifolia. Dl'. BOORSMA states i. a. that Plumieride does not 

3* 
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melt., that it is not a glucoside, that its composition is C30H4001S+H20 
and he concludes' that it is a substance quite different from _ the one 
pl'epared in 1870 by Dr. TH. PECKOLT, of Rio de Janeiro, from tho 
bark of Plumiera lancifoHa and called by him Agolliadine. This 
substance was analysed and investigated in Jena by Prof. A. GEUTHER 
who gave it the formula CIo Ha OB; it melted at 1550 and yielded 
on boiling with dilute sulphuric acid a sugar and a bro.wn, amor
phous substance and consequently was a glucosido. 

In his review of 1895, it is stated by E. MlmCIc that he had 
obtained from the root of Plumiera acutifolia, a substance different 
from that of BOORSMA, melting at 157-1580 with evolution of gas. 
He gives as its composition C57 H72 0 33 + 2 H 2 0 and for its mole
cular weight 1074-1080, although the given formula requires 1280. 

On the occasion of his last visit to Holland, our fellow member 
Dr. TREUU requested me to re-investigate the plumieride which I 
agreed to do. 

Preliminary experiments made me see at on ce that plumieride is 
a polyhydric alcohol, optically active an!i fairly s.trong laevogyrate 
in aqueou8 solutions; also that it docidedly deserves the name of 
glucoside and that the sugar obtained in its hydrolysis is birotatory 
and dextrogyrate and aI80 gives a phenylosazone which is identical 
with that of glucose, as shown by its melting point and rotatory 
power. I also noticed that the substance of MERCK behaves in 
cvery respect, except in its fusibility, like BOORSMA'S plumieride 
and couid show with great proba.bility that the difference is caused 
by a val'iation in the amount of water. 

When rendered anhydrol1s, properly purified and crystallised from 
dry ethylacetate, both appeared to be identicaJ; they do not melt 
and have the same rotatory power and crystalline form. Whcn 
recrystallised from water they were again identieal, had the same 
melting point and contained tho same amount of water. 

Still u difference might have been caused by the fact that BOORSMA 
had repeatedly boiled his substance with amylalcohol and that it 
was possible that th is is not au inert solvent. I had, therefore, 
thc f!:ubstance prepared from the bark which had been forwarded to 
me from Buitenzorg, avoiding the use of amylalcohol and also a 
high temperature; thi8 preparation after being recrystallised from dry 
ethylacetate was also identical with the other. 

That plumieride yields fairly much glucose on boiling with diluto 
hydrochloric acid was proved afterwal'ds by isolating tbe glucol'le 
in a pure, crystallised anhydrous state and identifying it by its 
melting point and rotatory power. At the same time the absence of 
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mann-m:le ánd pentoses was I:lhown.- 'l'hen if plumÎel'ide il:l boiled with 
hydrochloric acid of 10-.12 pCt. strength, only insignificant traccs 
of furfuraldebyde are formeo, while the glucose is decomposecl into 
formic and laevulinic acids, which wpre both identified, in the com
pany of a humus-like substance wbich iil mixed with the second 
product of tbe hydrolysis of plumieride, a brown amorphous substance 
the weight of- which amounts in this case to more than half the 
weight of the plumieride. On boiIing with hydrochloric acid of 5 pCt. 
stl'ength, glucose may be obtained one-fourth part of the weigth of 
the 'nsed plumiel'ide although laevulinic aCId is also formed here, by 
destructioll of a part of tbe glucose; the weight of tbe amorpholls 
substance is tben about onc-half of that of the plumieride. On 
boiling with hydrochloric acid of half a pCt. strength, the hy
drolysis of plumieride also takes place, although much slower, and 
a part of the gluc05e mayalso be decomposcd of which I have con
vinct:ld myself hy !lctual experiment. The brown substance now 
ccrtainly weighs less than -half the weight of the used plumieride, 
but still always contains a humus-like decompoRitionproduct of 
glucose. Tt is, therefore, plain that the exact quantity of glucose 
which plumieride is capable of yielding cannot, apparently, be deter
mined in tbis mallller and tbat the second product from the plumie
ricle is not to be got in a pure state in this way. 

I hope to communicate later on, at the close of the investigation, 
about tbis brow11 substance and tbe hydrolysis of plumieridc by 
enzymes. 

Aftel' plumieride had been undoubtedly characterised as a glucoside, 
it was desirabIe to study agoniadi1te which is also knowll as sllch 
and also gives a brown amorphous substance on hydrolysis, and to 
explain the difference bet ween both substances, should a difference 
exist. The difference in melting point goes for nothing. 

As bark from Plumiel'a lancifolia was not obtainable, I have made 
use of about 5 grams of agoniadine sent by Dr. PECKOLT. This pre
paration, which was not pure, gave aftel' being repeatedly crystallised 
from dry 'ethylacetate a beautifully crystallised substanco perfectly 
l'esembling anhydrous plumieride in shape as well as in chemical 
and physical properties. It was not fusible without decomposition 
and had tbe same laevorotatoJy power etc. Dur fellow mem bel' 
Prof. BEHRENS had the kindness to compare microscopically different 
preparations of plumiel'ide with each other and with those obtained 
from Pr,CKOLT'S agoniadille; on account of the fact that they have 
the Rftme form, polarisation and index of refraction, he thinks he 
may safcly C'onclude lhat they are idcnticaJ. I) then, do not hesitate 
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to deelare that the substance, isolated from PiCKOLT'S agouiadiué,-is 
identical with plumieride. _ _ 

Although it is customary in such cases to retain the-name given 
by the first discoverer, it seems to me that the name "plumieride" is 
preferabIe. It reminds of bath plants from whieh it is obtained and 
by its termination it is more suited for a glucoside. I, therefore, 
obliterate the name "agoniadine", whieh on account of its termina
ti on reminds more of an alkaloïd, from the chemical litérature and 
,in future will eall plumieride the substance discovered by PECKOLT 
in 1870 in the bark of Plumiera lancifolia, wbich substance has 
afterwards been found by BOORSMA and also by MERCK in the bark 
of Plumiera acutifolia. - ( 

Plumieride is a methyl-ester (a methoxyl eontaining substance) 
th en , it yields methy1iodide with hydroiodic aeid of a eertain con: 
centr~tion. It yields, by the aetion of dilute alkalis or barytawater 
at the ordinary temperature, or hy water alone at a higher temper
ature, au acid which I have provisionally called plumiericlic acid 1). 

This does not contain methoxyl but is a glucoside which on boiling 
with dilute acids yields a brown amorphólls substance and a sugar, the 
osazone of which has the same melting point as that of glucose. 

If plumieride is now simply a methyl-ester of plllmieridic acid as 
nearly everything found as yet seems to bear out, the easy decom.: 
position (saponification) by alkalis and even by water and the con
sequent difficulty to obtain a pure preparation by recrysta1lisation 
from water becomes apparent. 

I, finally, wish to add that the solution of PECKOLT'S preparation 
in cold water was of a very bl'own colour and strongly redllCed 
FEHLING'S solution; when first extracted with ethylacetate it left 
a go ad deal of a brown amorphouB substance behind and it was 
only by repeated cl'ystallisation from ethylacetate, which opel'ation 
was attended wit,h gl'eat loss, that it was obtained pure. The impure 
fractions contai ned gl ueose. 

Chemistry. - ti. On the crJjFlfallisecl consUluent of the pssential oil 
of KaempfM'ia Galanga L." By DI'. P. VAN ROMBURGH. 

When the rhizomeR of J(aemp{f'fia GnZangn L., a plant helonging 
to the family of the Zingiberar.eae, which is r.ultivated on a Rl11all 
srllle by the nativrR in .Java fol' merlir.inal anel culinal'y URe alld 

I) The n:lme plnmil'l'ic :lcid hns nlrendy bt'en .I1,il'en lly our deceased fellow member 
Prof. A. U. OUDE~IANS JR. to another acid obtained from the milky juice of 
1'1umiera ncutifolin. 
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known under the name of "kentjoer" 01' "tjekoer", are distilled 
with water, tbe first fractions contain a small quantity of an essential 
oil lighter than water. Afterwards an oil heaviel' than water distils 
which deposits abundant cl'ystaIs, whilst towards the end a crystaI
line substance is almost exclusively obtained. The distillation must 
be continued fol' a long ti'1le as this substance is bnt little volatile. 
The yield and aIso tbe relation between the soIid and 1iquid product 
differ very much with different samples; most likely this depends 
on the age of the rhizomes, wbich matter I am now making the 
subject of practical investigation. . 

The crystals deposited from the oil may assume very large di
mensions ; they are very shining and 'transparent, melt at 500 and 
may be obtained in a beautiful form by recrystallisation from alcohol. 
A 20 percent alcobolic solution appeared to be optically inactive. 

The elementary analysis gave numbers, which lead to the formula 
C12 HH Os, while the molecular weight, determined in acetone by 
LANDSBERGER'S method, came to '197, 206 being calculated: 

On heating with r.lcoholic potash this substance yielded almost 
at once a mal:ls of beautiful little crystals' of a potassium salt; from 
which sulphuric acid liberates an acid crystallising in colourless 
needies. This acid is not easily soluble in water but easily soluble 
in ether and it may be very satisfactorily recrystallised from dilute 
methyl alcohol. 

The meHing Roint is 1690
; at that temperatul'e it melts to an 

opalescent liquid which does not beco:me transparent till 185°. 
The elementary analysis gave results corresponding with the com

position CIO RIo Os. 
The originai substance differing from this by C2 H4 must, there

fore,' be an ethyl-ester. To further prove this, 30 gram of the crystals 
were saponified with aqueous caustic potasb and the resulting alcohol 
was distilled off. Aftel' treatment with dry potassium carbonate and 
rectification over anhydl'ous copper sulphate a liquid was obtained 
which boiled .at 78° a.nd showed all the properties of etbyl alcohol. 

The potassium and silver salts ~f the a,cid were prepared and 
analysed. The potassium estimation gave 17.7 pCt. of K (theory 
requirillg 17.6), the silver estimation g-ave 38.06 pCt. Ag., (theory 
rcquiring 37.9). 

Jf a solution of the acid in ethyl alcohol is treated with hydl'ogen 
chloride, a product iH obtainerl Wllich meltR at 500 and is identical 
with t.he original ester. FJ'he methyl eRtor prepared in an analogous 
manner melts at 90°. 
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The solution of' the acid or its ester in chloroform absorbs two 
atoms of bromine fOl'ming an arldition product. 

The acid does not show either aldehydic, alcoholic or phenolic 
properties. Heated with hydriodic acid it yields alkyl iodide. A 
quantitative estimation according to ZI<~ISEL gave an amount of silver 
iodide corresponding with 16.85 pCt. of methoxyl, theory requiring 
17.4 pCt. 

On oxidation with potassium permanganate in neutral soIution, 
the ester gives off an agreeable odour resembling hawthorn, while 
au acid is aIso produced' which proved to be identical with ani~c 
acid. 'rhe oxidation of the acia in an alkaline solution proceeds more 
quickly; the odour of ani sic aldehyde is also noticed here and a 
good yield of anisic acid is obtained. From this it follows that in 
regard to the side-chain the group 0 C Hs is situated in the para
position alld in connection with the additive power the formula is 

/OCHs 
therefore, most probably 1.4 Co H4- CH = CH _ ca on , conse-

quently that of p. methoxyeinnamic acid._ 
The properties do indeed correspond with those' recorded of this 

acid 1). The only thing which is not meutioned is the peeuliar 
behaviour on melting, so that I thought it neeessal'y to prepal'e the 
synthetical acid for comparison purposes. 

According to KNOEVEN A.GEL 2) it is obtainerl by condensatioll of 
auisic aldehyde with malonic acid under the influence of alcoholic 
ammonia. The acid prepared hy this method also melted at 1690 

to an opalescent liquid which did not get cIear till 185°. 
VORIJÄNDER 3) obtained the ethyl ester of p. methoxyIcinnamic 

acid by condensation of anisic aldehyde with ethyl acetate. This 
I aIso prepared and found jt to be identical with the product 
obtained from "Kent joel''' , whiIst the acid oUtained from it hy sapon
ification again showed the properties mentioned above. 

I dare not, ftS yet, decide what may be the cause of this peeuliar 
behaviour. Perhaps a polymerie body is formeel, or else the aciel 
exists in two liquiu isomerie modifieations 4'). By heating above the 
melting point, the acid is gradually decomposed with evoIution of 
carbon dioxide, but if the deeomposition already exercised some 

1) In 13eilstein's Hundbuch it is f'rronf'ously statf'tl tl1at p. methoxycinllnmic acid 
~ cl'istallises iu yellow ueedles. 

2) Berl. Bel'. 31 S. 2G06. 
3) A nn. df'r ChPlllif'. 294, S. 2115. 
4) Compal'e: l{UlJOI,~' SCJlENCK, Unter&uchungen übel' die krystallinischen Flüssig

keilen. Zeitbchr. f. phys. Chemie XXV, S. 337, XXVII S. 167. 



- 46 -

( 41 ) 

infiuence during the detel'mination of the melting point, thil:l would 
be found lower on repeating the experiment, but this is, however, 
not thc case. 

By treating the alcoholic solution of the acid obtained from 
kentjoer with sodium amalgam p. methoxyphenylpl'opionic acid is 
formed, which melts at 1020 and has ah'eady been described by 
WILL 1). The methyl ester of methyl naringeninic acid 2) prepared 
by the same chemist, which is identical with the methyl estel" of 
p. methoxycinllamic acid, melts at 90° just like the methyl ester 
obtained by myself, whilst its bromine-addition product showed, the 
melting pOÎIlt of the methyl estel' of dibromomethylparacumaric acid. 

There cannot, therefore, be any further doubt that the crystallized 
substance which forms the chief constituent of thc esselltial oil from 
Kaempfèria Galanga L., is the ethyl ester of p. methoxycinnamic 
acid, a substance which had not yet been met with in nature and 
which IlOW goes to increase tlie rompal'itively small number of 
known ethyl esters from the vegetable kingdom. 

From the liquid portion of the oil I could separate in ad
dition to the above mentioned ester a smaH quantity of a terpene 
boiling /tt 1600-170° and a bluishgreen liquid boiling at 1500 in 
vacua (pr'obably a sesquitel'pene). There is also present an acid of 
alowel' melting point which I am still inveRtigating. 

\ 

Pathology. - "On tlie tlumbtlity of tlte ngglutinative substances 
of tlw bloodser?tm." By Dr .• T. E. G. 'VAN EMOEN. (Commu
nicated by Prof. 'l'h. H. MAC GILLA VRY.) 

" 

WIDAL and SWAB.0 3) and also AClIARD and BENSAUDE4) have 
cornmunicated th at tho bloodserum of patients suffering from fehris 
typhoidea and th at of animaIs, that had been' rendered immune 
against the bacilla of EBImTlI, keeps its agglutinati ve power undi
minished for many months; the agglutinines are so resistant that 
they do not porish even ill mouldy and putrefying serum. 

On the contrary I founel that serum af tOl' some six weeks in deed 

I) Berl. Ber. XX S. 2580. 
2) Berl. Ber, XX S. SOL 
~) A nnales at' l' Instit. Pastellr XI p. 35:~. 

4) EENS.WUE: Le l'hénomène de l'Agglutination des Microbes. (Paris 1897). 
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had lost a great deal of its agglutinative action : th is at least was tbe case 
with sera from typhoid patients and from rabbits immunised against 
the óacillus aë·rogenes. 

Also VAN DE VELDEI) had observed au important decrease of thc:> 
agglutinative titre of serum that had been put away. 

Stimulated by my 2) communiration VAN HOUTUM 3) investigated 
two sera that had been kept five and el even months in sealed glass 
tubes in tbe dark and at the temperature of the room: the agglutinative 
power had not diminished. 

The disagreement in the results mentioned above must in my 
opinion be caused by differencé." in the ways in which the sera had 
been kept. 

The tubes of VAN HOUTUM had been seaIed, but my tubes - from 
which repeatedly a small quantity of serum was taken for testing pur
poses - were closed by cottonwool stoppers covered by pieces of 
paper or tinfoil. 

Now the next experiment showed that the way of closing had a 
decisive influenre on thc fact whether thc agglutinative power keeps 
constant or diminishrs. 

Serum of a known titre was kept in: 

1 tubes ('losed by cottonwool 

2" " "cork 
3" " "sealing 
4 " filled with hydrogen and sealed 
5 carbon dioxide and sealed 

" "" 
Four months afterwardé thc agglutinativc titre ,vas determincd 

again. 
The agglutinative power of the serum in all the sealcd and corked 

tubes had remained uncltanged. 
On the other hand in all the tubes closed with cotton waal the 

) 

agglutinative power of the serum had strongly diminished, notwith-
standing the clearly visible conclensation - except in thc:> case of 
one. This exception regards a soiled tube, in which thc serum was 
covered by a layer of mould; this serum had a180 kapt its power 
1I1whanged. 

Conclusion. When thc rirculation of the aiJ' is hinrlcred or snffi.· 

1) St>malnl:' méellc. 1898 p. 379. 
2) Nederl. T1Jd~chr. v:Jn Geneesk. ]898 TI p. 342. Zeitschr. f. Hyg. nnd Infect. XXX p.] 9. 

3)" .. " s. 1898 II p. 841. 



- 48 -

( 43 ) 

ciently limited, the bloodserum keeps its agglutinative power longer 
than when the access of air is free. 

It lies at hand to think here of the infiuence of the oxygen in 
the air and in fact, experiments not yet terminated, support this opiniCln. 

Now it is important to investigate whetller the unstabiJity of the 
other specific substances occurring in tLe blood, especially the anti
toxines must also be ascribed to the infiuence of the air. Perbaps 
that the efficiency of various medicinal fiera will prove to be more 
durable, when they are kept in vacuo or in a neutral gas. 

Geology. - "The Amount of the Circulation of the Carbonate of 
Lime and t!te Age of the Earth". I. By Prof. EUG. DunoIs. 
l Communicated hy Prof .• T. M. VAN BEM!IIELEN.) 

In a similar way as water is continually passing into the atmos
ph ere, to return again to the earth, we find the cal'bonate of lime 
perform a circulation, as this matter is solved from Iimestone, and 
aftel' having been carried to the ocoan by the rivers, is thera, through 
the agency of organic beings, again g!ven back in solid state. 

Even an approximative estimate of the amount of this circulation 
wouid be of considerable importance for geology, because we may 
regard it in connection with questions about the formation of that 
carbonate hy decomposition of silicate rocks, and about the time 
required for its formation. 

The results of au estimate as referred t~, and some conclusions 
based on these results, are given in tbis paper, and in another 
paper I propose to present on the next occasion. 

In investigating the amount of this circulation let us start from 
the carbonate of lime in the ocean. 

The oeean contail1s in the deposits over its fiool' and floating 
allont in the water such a vast amount of solid c'(trbonate of limf', 
as remail1s of sho11s and skeletons of organisms, that, considering 
the pel'petual movement, and the consequent mixing of the oceau 
water, we may take it for granted that, nnder the existing prf'ssure 
of carbonic acid ànd tbe actual temperaturo of the atmospherf', it 
rontaills carbonate and bicarbonate of lime in saturated sollltions. 

From experimoots kindly made at my request hy Dr. ERNST COHEN 
in colla.boration with Mr. R.AKJiJN, and tbe results of Wllich, are 
communicated to the Àcademy at the same time as this paper, this 
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proved really to be tbe case. According to W. DIT'l'MAR 1) 0.345 pCt. or 
all the salts of average ocean-water are carbonate of lime. The relative 
quantity of salts being 0.035, which may be cOllsidered as the average 
salinity of the ocean 2), 1litre of oceaD-water would then contain 120.7 
mgrms. Oa OOs, of which ::J3.1 mgrms. CO2 of normal calcium carbonate. 
From the average of 26 samples of water, taken from different parts of 
the ocean and at different depth, we may calculate 54.9 mgrms. 002 

of normal calcium carbonate, and moreover 43.6 mgrmll. ofloose carbon ic 
acid forming bicarbonate 3). TORNÖE came to nearly the same rcsults, 
as he found in the North ~ea 53 mgrms. forming normal carbonate 
and 43 mgrms. of loose cafbonic acid, forming bicarbonate 4), per litre 
of water. With these the results of other analysts coincide. ' On 
account of the great uniformity of the chemical composition of thc 
water of the ocean it may therefore be taken for granted, that in 
one litre of ocean water there are in solutioll on an average from 
120 to 125 mgrms. carbonate oflime and of these about 100 mgrms. as 
bicarbonate. The investigation of Dr. OOHEN shows that in artifi
cial ûcean-water, cpntaining all the salts in the average quantity, 
as stated hy DITTMAR, but no carbonate of lime, in a litre 125 mgrms. 
calcium carbonate could be dissolved from a surplus of suspended 
solid calcium carbonate by passing during a sufficient time a curr~nt 
of air, containing 0.00045 carbon ic acid (a relative quantity in ac
cordance with the average). 

We may say, therefore, that in the ocean-water the aforenamed 
matter rexists as a saturated solution under the given pressure of 
carbonic acid in our atmosphere, and therefore we must take it that 
all the carbonate of lime which the rivers carry incessantly to thc 
ocean is a surplus. 

A considerable amount of C'arbonate of lime is of ten to be found 
in the matter carried in suspension hy large rivers to the ocean. 
Some analyses.. relating to this and extending over longer periods of 
time may be mentioned here. O. SCHMIDT b) found in twelve monthly 
determinati'ons for the relative quantity of calcium carbonate in thc 
suspended matter of the Amu-Darja from 17.0 to 19.6, on an average 

1) Ueport on reseurches into the composition of ocean water collecteel by H. M. S. 
Challenger. Challenger Reports, l:'bysics anel Chemistry. Vol. 1. LOlHlon 1884, V. 204. 

2) DIT'.l'MAR 1. c. p. 201-
J) 1. c. p. 215. 
4) Berichte eler Norwegischen Norelmeer-Expedition. Abt. Chemie, referreel to by 

BOGLSLAWSKI, Hanelbuoh eler Ozeanograplde. Stuttgart 1884. Bel. I, p. 139. 
5) C. SCH~nDT nnd F. DOIIR-\.NJlT, W:1SSf'rlllf'nge uncl Suspf'llsiollsschlnmm des Amu

Darja. Mémoire~ Acad. imp. St. Pétersbourg (7). Tome 25. nO. 3. 1878, p. 31. 
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Ht3 pCt., from which may be calcuhlted an average quantity of 
41.7 mgrms. of that salt per litre of water. BALLO I) found that from 
the 300 mgrms. susponded matter contained in a litre of Danube-water, 
5.53 pCt. is lime combined with carbonic acid, being 9 pCt. or 27 mgrms. 
Ca COa per litre of water. The water from the Blue Nile near 
Khartoum, as the river was low or high, contained per litre 16.9 
to 62.1 mgrms. solid calcium carbonate in suspension.2) The clay which 
the Nile deposits in its delta, accoriling to different analysts contains 
3.72 pCt. of this salt J), so, that taking into account the avelage 
qua.ntity of solids in buspension of 458 mgl'ms. per litre 4), the water of 
the Nile would have contained at the delta an ave rage of 17 mgrml::i. 
calcium carbonate in suspension. 

Where thus in many of the large rivers t here is al ways a surplus of cal~ 
cium carbonate, which may easily be acted upon by the dissolving 
ag'ents, it is obvious that in these river waters tOo the solution must 
be saturated. Whereas ho wever in the oeean-water th is salt, as 
regards its absolute quantity, is of very little account in eomparison 
with the other sa lts, in the water of sueh likc rivers it constitutes 
llearly the half of all the salts whieh bere form a much weaker solution. 

According to a combinatioll by Sir JOHN MURRAY 5) of tbe a.nalyses 
of 19 large rivers one litre of river water contains on an average 
186 mgrms. of total sslids in solution, of which 79.6 mgrms. are 
calcium carbonate. 

From the experiments of SCHLCESING 6), bO highly important for 
geology, made in a similar way on pure water, as the recent expe
riment of DI'. ERNST COREN on oceau-water, by bringing a large 
quantity of calcium carbonate in suspension in long contact with 
air, containing a constant relative quantity of carbonic acid, it follows 7) 
that in one litre of pure water by common air, the pressure of 
carbonic acid being 0.0005, and 16° C temperatnre, 74.6 mgrms. car
bonate of lime are soluble. rl'he solution takes place for about 13.1 mgrms. 

I) Chemisclle Untersuchung des Wassers des DOIhlustJomes bei l~lld<lpest. .Berichte 
der Delltschen Chemischen GeseUschuft. 1878, p. 444. 

J) A. CIlÉLU, Le NIl; Ie Soudan, l'Egypte. Pmis 1891, p. 25. 
J) C. SCHMIDT, 1. c., p. 40. 
4) CHLLU, I. c., p. 203. 
6) On the total anllun1 l'Ilinfall on the land of the globe, and the rel.tfion or Hl1 u 1\111 

to the annual dischmge of rivers. Scotti.h Geographical Magazine. Vol. 3. Edinburgh 
1887, p. 76. 

6) TH. SClIJ,CLSING, Sur la dissollltioll du cnrbonate de chaux pm' l'ucide cllrbonique. 
Oomptes rendus de l'Académie des Sciences. Paris. Tome H. (1S72), p. 1552-1556, 
and Tome 75 CI872), p. 70-73. 

,) L. C., p. 1555. 
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as normal carhonate, independent of the pressure of carbonic acid 
and very little dependent on temperature, for a greater part ho wever, 
namely 61.2 mgrms. as bicarbonate, the lime being combincd with ft 
double quantity of CO2• Thc quantity of the bicl'lrbonate thllS formed 
depends, for a given temperature, on the pressure of carbonic acid. 
The value of the pressurc of carhonic acid and of the quantity of 
CCtrbonate forms two geometricaI series, but tbe ratio of the former 
is greater than that of the Iatter series. If the pressure of carbonic 
acid were' 0.0008, i. e. more than one and a half the actual 
pressuf<', the quantity of bicarbonate formpd would be 73.2 mgrms. per 
litre of water. At a pressure of 0.05, i. e. thc hundredfold of thc 
pressure of carbonic acid in the atmospbel'e, tbe quantity of bi
carbonate only increases to 349}3 mgrms. per litre of water, that is 
a little more than five timcs and ft half (5.7). Generally stated 
the quantity of bicarbonate formed depends in snch a way on the 
tcmlÏon of carbonic acid, that, if that tension is cal1ed .r, the quantity 

XO,37866 

of thc bicarbonate 'IJ 0.92128' 

So if the pressure of carbonie acid rose to 700 times that in the 
atmosphere the quantity of carbonate of limo dissolved in thc state 
of bicarbonate wouJd be only about twelve times as great as at the_ 
actual pressure of carbonic acid in tbe atmosphere, and that of the 
carbonate dissolved in both states, as normal carbonate and as bicar
bonate, only about ten times as great as under the actual condition 
of carbonic acid pressure. 

SCHLCESING found moreovel', th at with every degree of variation 
in tbe temperature, the quantity of the bicarbonate dissolved varies 
about 1 pCt., viz: it rises as thc temperature faIls, and it diminishes 
as thc latter rises. 

The figures given by SCHLffiSING for the quantity of the earbonate 
of lime dissolved at the pressure of carbonic acid in the atmosphere 
and 16° C. temperature come so near the average quoted quantity of 
that matter in river water, which on an average bas allout the same 
temperature (the mean temperature at the surface of the earth being 
15° 0), that it may be taken for granted, that those large rivers keep 
the carbonate of lime in solution in similar way as in pure water, 
partIy as carbonate, for the greater part however as bicarbonate, 
and that the quantity of that doub1e salt in it is depending on tbe 
pressure of carbonic acid in the atmosphere. 

The number of analyses, from which MURRAY drew the above 
mentioned averages seoms to be suffi<liently large for the purpose, never
theless) when the existing reliable analyses of river water are compared 
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with one another, it appears that these deviate rather strongly, and 
that the average has only this vallle, that on the whole the relative 
quantity of dissolved carbonate of lime oscillates about saturation 
with that salt in pure water under the pressure of carbonic acid 
in the atmosphere. In same cases the relative quantity observed 
remains below it, but mostly it rises higher. 

In one and the same place the relative quantity of carbonate of 
lime dissolved in river water varies according to the water mark. 
If the river rises the quantity of suspended matter pel' litre of water 
increases, but the quantity of dissolved matter, and among these of 
carbonate of lime diminishes. A few examp]es may explain this. 

According to the determinations of VOHL 1) the quantity of 
carbonate of lime in the water of the Rhine, taken from the same 
place, a little above Oologne, varied from 52.37 mgrms. per liter at 
high water mark, to 109.37 mgrms. at low water mark, thus in tJl{' 
ratio 1 to 2. This diminution of the relative quantity of dissolved 
matter in general ana of carbonate of Iime in particular, wh en the 
discharge of water is greater tban usual, is a fact generally observed, 
which, among othe1'R, has been sufficiently proved from long and 
reliable observations made on the water of the Danube by BALLO 2) 
and WOLFBAUER 3) and from the water of the Meuse by SPRING 

and PROST. WOLFBAUER found 4) that the relative quanrity ofsuspen
ded matter in 23 determinations, made during a year with intervals 
of, on an avel'age, 16 days, proved to vary from 9.6 mgrms. as a 
minimum to 331.3 mgrms. as a maximum per litre of water, which 
two numbers stand to eaeh other in the ratio as 1 to 35, whilst at 
the same time with ths given minimum of the quantity of suspended 
matter a maximum of dissolved matter of 207 mgrms. was obtained, 
and at tbe same time with the quoted maximum of the quantity of 
suspended matter a minimum of dissolved matter of 130 mgrms. per 
litre, which two numbers stand to each other as 1.6 to 1. Whereas 
during low water, tbe Blue Nile near Kbartoum, according to OHÉLU 5) 
carries only ] 56.3 mgrms. and durillg bigh water 1673.4 mgrms. of sus
pended matter per litre of water, so in tbe ratio 1 to 10.7, the 

1) H. VOHL, Ueher die Be:tandtheile des Rheinwnssel's hei (JoIn. DINGLljR'S PoIy. 
teelmisches Journal. Bd. 199. 1871. p. 311 sqq. 

2) M. BALLO, l.c. p. 441-445. 
") J. F. WOLrBAUER, Die chemisnhe ZusumlllellsetlUllg des Wassers der Donml vor 

Wien im Jahre 1878. Sitzungsberichte der Matll. Natllrw. Classe cl. Kuis. Akad. Wiss. 
WielI. Bd. 87. (1887), p. 404-~24. 

4) 1. c. p. 414. 
5) I. c. p. 25. 
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quantity of dissolved matter during high water was at the same 
time even a little hig'her than dnring ]ow water, it rose namely from 
201.4 mgrms. to 232 mgrms. per litre. The total solids ïn solution 
in the water of thc Meuse at Liege attained during a year a maximum 
at low water mark of 279 mgrms. and a minimum at high water of 
86.2 mgrms. per litre, giving a ratio of a little more than 3 to 1 1). 

For the matter in solution in the Àrve the maximum. is to the 
minimum in the ratio 2.5: 1, whilst for the suspendcd matter this 
ratio was 5000: 1. 2). 

-However tbose extremes are only attained on one single "day. 
Comparing longer periods of timH we find the dlfl'erenees far smaller. 
For tbe Elbe in Bobemia the minimum quantity observed in 22 
determinations, made during a year, amounted to 20.3 mgrms. Ca 0, 
the II)Etximum quantity to 45 mgrms. per litre of water, and the 
quantities of the other substances showed similar unimportant varia
tions,3) whilst those af tl1e suspended matter 4) varied from 1.13 ta 

. 756.01 mgrms. per litre. WOLFBAUER corroborated moreover the faet, 
whieh had al ready repeatedly been notieed, that, no matter how 
much the absolute quantitieR of the dissolved substances may vary, 
the mutual ratio of the eomponents remains almost unchanged 5). 
Sometbing similar is also known of the substances in suspension in 
the river water, and appears elearly from the twelvp montbly
analyses of the suspended matter in thc Amu-Dalja, published by 
ScmUDT 6). Silicates and quartz for instanee varied in it only from 
76.2 to 79.86 pCt. Hence fallows, whieh is important for tbe 
following <,onsiderations, that tbe results of a single analysis may 
be applied' to determinatioDS of the absolute quantitics of tbc 
same river. 

Besides tbose variations of the relative q'uantity of suspended 
matter depending on variatiolJs of the water mark in conneetion 
with time, and whieh, as is generally. observed, can in large rivers 

1) W. SPRING et E. Pnos1', Etude SUl" les eaux de Ia Meuse. Annales de la Société 
géologique de Belgique. 'l'ome 11 (1883-1884). Liège 1883. p. 175. 

:) B. BAË])'}', Les eaux de l'AI'I'e. Thèse. Ge)1ève 18\11, p. 59. 
3) F. ULLIK, Beobaehtungen über die Bestimmung der wi:i.hrend eiues Jalm's im 

Profile von Tetsehen sieh ergebenden Quantitätssehwllnkuugell der Bestandtheile des 
l~lbewllssers und der von 1etzterem ausgeführten lösliehen und unIöslieh'eh Stoffe. 
Abhand. kön. böhmisehell Gesellschnft der Wissensclu\ften. VI. Folge. 10 Rund. Math. 
Naturw. CIasse. N°. 6. Prllg 1880, p. 31. 

4) Ibid. p. 28. 
6) 1. e. p. 415. 
6) 1. e. p. 31. 
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at most amount to the ratio 1: 3, and this very transitorily, varia
tions ha. vc been stated of. the relative quantity of carbonate of lime 
in sol ution in the river5 according' to space. Some rivers have 1:1. 

lower- average quantity of carbonate of lime than others, though 
wi th most large ri vers those differellces are not great, at most amount 
to about the same ratio as the ternporary variations, which are of 
very short duration. 

But a]so in the same ri ver, and even over small distances, the 
quantity may be a little different. That was apparent again from 
the 'observations of VOHL. The water taken 011 the same day, but 
from three different points, nàmely above: in and below Cologne, 
as wen during high as low water mark, proved to grow richer in 
caruonate of lime in its course through the town. 

The quantity of carbonate of lime, in milligrammes, contained in 
onc ]itre of water from the Rhine was, 

above Cologne 
in Cologne 
below Cologne 

durillg vcry low watermark, 
on Oct. 21st 1870, 

109.37 
115.78 
123.44 

during high watermark, 
ou Nov. 8th 1870, 

52.37 
68.92 

108.68 

This. increase is evidently to be accounted for by the influence 
of organic matter, combinations I.of carbon, which pollute the water 
and are consequently oxydized in it, and which, as long as they 
l'emain there, keep more carbonate of lime, in the state of bicarbonate, 
in solution than the carbonic acid of the atmospherc, absorbed in the 
water, would alone be able to do. That reaUy the organic sub stances 
in the river water are soon oxydized is evident from the fact, stated 
by ULLIK, t~at those substances soon diminish in water samples 
kept standing for sorne time. Frorn the observations made by him 1) 
is to be derived that on an average in 24 hours 3.5 pCt. (from 
1. 7 to 5.4 pCt.) of the organic matter is decomposed. Bacteria and 
algae are the principal agents and contribut.e most]y to the so called 
self-purifying of the rivers. 

Very instructive in this respect are the analyses of the water of 
lakes as they have been stated principally by DELEllECQUE. From 
these 'ït has been made evident, that the "ater of Iakes fed by rivers 
and rivulets in a region rich enough in limestone, takes in general 
the more carbonate of lime in solution in proportion to the surface 

1) 1. c. p. 6. 

4 
.Proceedings !{oyal Aoad. Amsterdam. Vol. lIl. 
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of the Iake being smaller. The increasc of the cilcumference inrleed 
is less than that of the surface, it increases in general as the square 
root of the sUl·face. A lake, whose surface for instanee is the ninth 
part of that of another lake, has, if the two are uniform, still the 
third part of its surface. Moreover the depth also of ten decreases 
with the length and breadth, though by no means in the same propor
tion, so th at the volume of water of a small lake in comparison 
with its circumference is a good deal less. Now as organic matter 
principally enters the Iakes from the circumference, it is clear that 
by the continually flowing source of carbonic acül, which this matter 
prodIlces hy its decomposition,- the quantity of carbonate of lime, in 
the state of bicarbonate, in the water of these lakes under otherwise 
similar circumstances is greater in proportion to the Jakes being 
smaller. ]'OREL 1) had already pointed out that in the mud at the 
bottom of a lake the quantity of organic débris is the greater in 
proportion to the lake being smaller. In the following lakes, inves
tigated especially by DELEBECQUE 2), all draining the same limestone 
regions, the influence of size is clearly to be recognized. 

Surface, in K.M2. Volume, in M3. CaCod, in mgrms. per L. 

Lake of Geneva 3) 582.40 88920000000.0 72.3 

Lac du Bourget 44.62 3620.0 96.0 

:. d'Annecy 27.00 1123.5 123.7 

» d' Aiguebelette li.43 166.6 126.4 

» de Paladru 3.90 97.2 1509 

» de Nantua 1.41 40.1 154.5 

» de Sylans 0.50 4.8 152.6 

Something similar is to be observed concerning rivers. At the same 
length a large river is less liable to pollution ihan a smaller one. 
Thc distance from Geneva to Lyons is less than that from lake 
Ontario to Vaudreuil (above Montreal), yet the Rhone to Lyons 
ha., ing the same length of bank and containing only 1/45 of the water 
of the St. Lawrence river, takes more organic matter aud in consequoncc 
of this the Rhone at Lyons 4) held in winter 150, and in summer 
100 mgrms. CaCOs par litre in solution, the St. Lawrence (March 30th) 

1) F. A. FORlJL, Le Léman. Étude limnologique, Lnusanne J 895. 1'ome lI, p. 184. 
2) Archives des sciences physiques et naturelles. (3). Tome 27. Genève 1892, p. 

569-570 and p. 134. - Tome 28, p. 502. 
3) l!'rom FOREL nDd DELEBEc.:~UE (qnoted afterW8rt1s). 
4) According to 13ousSINGAUJ.T nnd PASQUIER, quoteu by G. BISOHOF, Lehrbuch der 

chemischeo und physikaliscllen Geologie. 2 Aul!. Bd. J. Bonn ] 863, p. 272. 
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only 80.3 mgrmb. 1), whercas in the large la.kes, whose outlets they 
are, there is only about as much Ca CO~ dissolved as in pure water. 

Freshwater Iakes with au outlet are of great importance in consid· 
ering these questions, on account of the rather constant composition 
of their waters, which is a consequence of their volume being very 
large in comparison with that of the discharge of the affluents and 
of the outlet. The Iake of Geneva contaius about 11 \ times as 
much water as the yearly discharge of the Rhone at Geneva, lake 
Ontario 10 times as much water as is flowing every year through 
St. Lawrence river; the water of the Iake of Annecy is on an average 
renewed in 3.3 years, and tbat of tbe lake of Paladru in 4 years 2). 
So one single analysis of their waters has already a great value. 
The quantity of carbonate of lime in the water of same lakes must 
tberefore been spoken of somewhat more in extenso. 

Very large lakas, in the (lrainage area of which much limestone 
occurs, receive reIativeIy to tbe bulk of their waters sa Iittle 
organic matter, and their relative quantity of carbonate of lime 
is therefore sa greatly influenced by the pressure of the carbonic 
acid in the atmosphere alolle, that it agrees nearly with that which 
SCHLCESING stated for pure water. From 11 l'eliable analyses of the 
water of the Iake of Geneva, w hich varies ollly a little iu composition 
in consequence of the mixture being temporarily and lQcally less 
perfect, or by variations of the temperature and the pres su re 
of the air, contains per litre in 175 mgrms. dissolved solid matter 
74.9 mgrms. calèium carbonate 3). In tbe opinion ofDELEBECQUE 4) tbe 
first named number is not right; as average of 33 determinations, 
quoted by him, we finu 169 mgrms. dissolved solid matter per litre of 
lake-water, in whicb, therefore, 72.3 mgrms. calcium carbonate are 
contained. Tbe volume of tbe water in the Iake of Geneva being 
89 K.M3., at"an average yearly discharge of the Rhone at Geneva 
of 8 K.Ms., tbe wate!' remains in the lake, as has been already 
stated, for about 11 years. Therefore organic matter whicb tbe 
rivers carry into the Iake and which enters it from tbe share can 
hardly have any noticeable influence on the quantity of tbe calcium 

1) AccordiDg to 1'. S. HUNl' in: Geology of Canada.. Geological Survey OfCIIDuda. 
Reports of progress from its commencement to 1863. MOlltreal 1863, p. 567. Also in 
Pbilos. Magazine (4). vol. 13, p. 239. 'fhe sample was taken at the Point des Casca
des near Vaudreuil, on the 30th of March 1863. 

2) FOREL, J. c. Tome I, p. 446, and DELEBEOQUE 1. c. 

J) l!'ORIJL, Le Lémall lI, p. 587. 

I) A. DELEBEC~UE, Les lacs frullçais. Paris 1898, p. 191 and 197-198. 

4* 
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carbonate. In fdct the water of tbe lake of Geneva contàins 
0111y little organic matter, on an average 5.5 mgrms. per litre 1), 

whereas rivers according to MURRAY'S statement contain on au 
average 19 mgrms. In the water of the Danube WOIJFBAUER found, it 
is true, only 5.6 mgrms., there is ho wever still suspended organic mat
ter, according to BALLO 20 mgrms. per litre, of which hardly 3,ny is 
to be found in tbe lake of Geneva. ULLIK 2) stated during one year's 
observations, that the organic matter in the water of the Elbe got 
below 6 mgrms. per litre on three days only, he found fol' thc mini
mum 5 mgrms., and for the maximum 22.6 mgrms. per litre. 

1'he lake of Geneva, therefore, contains, in diRtinction from othir 
lakes, which are smaller, but also situated in a limestolle region, hardly 
more carbonate of lime in solution than that corresponding to the 
tension of carbonic acid in the atmosphere. If with DELl!:BECQUE 
we take that the latter contains 0.00029 of its volume carbonic 
acid, tbe average pressUl'€' of the air on the lake of Geneva being 
730 mm., we fIDd for the tension of carbon ic acid 0.000424, and 
from the formula of SCHI,ffiSING we calculate th at 70.5 mgrms. carbonate 
of lime can be dissolved, as normal salt and as bicarbonate, in 1 
litre of pure water at 16° C temperature, thercfure at the average 
temperature at the surface of the lake of Geneva of 9.60 C., 
75 mgrms. -

A.t the mean relative quantity of carbonic acid of the atmosphere 
on the northern hemisphere of 0.000282 Vol. pCt.3) and the mean 
pressure of the air, where the rivers flow into the ocean, of 762 mmo 
we find that 70.8 mgrms. calcium carbonate (in both states) are 
soluble in 1 litre of water. 4) 

The great North A.merican lakes, whose waters flow to the ocean 
through the St Lawrence river, have 425 timps the surfel,ce of the 
lake of Geneva and about 500 times its yolume, and lake Ontario, 
tbe watcr of whieh flows diIectly into thc St. Lawrence ri ver, has 
34 times thc surface Hnd 40 timcs tho volume of the lake of Gcneva. 
The St. Lawrence river discharging yeady 364 K.M3. of water, 
lake Ontario would empty in about 10 yeo.rs, if the water were 
pot continually renewed. U nder these cirCuIllatances, even on account 
of one single analysis it may be taken that the water of the St. 

1) l!'OREL, 1e léman, Il p. 615. 
2) 1. c., p. 31. 
al A. MUNTZ et E. AUBIN, Recherches sm l'acide cllrbonique de l'air. Mission 

SClf'nt. du Cap Horn 1882-1883. Tome lIl. Paris 1886, p. A. 82. 
4) DELEBECQUE (Les In cs frnnçais, p. 2l8) mrives at difierent results by erroneously 

substituting the relative volume for the relative prassure. 
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Lawrenre above Montreal, to where only one single insignifican t 
little rivE'r joined, and has only been in contact with cambrian and 
cambrio-silurian crystalline rocks, can only be very little richel' in 
carbonate of lime than the water of the lake Hself. Near Vaudreuil 
it rontained in a litre, according to the modus of calculation, from 
80.3 to 80.8 mgrms. carbonate of lime 1). The relative quantity of that 
salt in the lake-water will thel'efore not differ greatly from that 
of Geneva. 

The water of lake Peipus in Russin, another large fresh water 
baein (lmving 6238 KM2. in surface and 12 M. as its greatest 
depth) contains, according to the analysis of C. SCHMIDT 2), în summer 
67 mgrms. CaCOs per litre. 

The water of the lake of Gmunden or Traunsee in U pper Austrin 
(having a volume of 2.3 K.M3., and through which flows the Tralln 
keeps in solution 64 mgrrns. calcium carbonate per litre 3). 

In the drainage area of all the above named Iakes Jimestone 
is largely represented. Moreover in the mud on their bottoms 
there is much cnrbonate of lime, and the waters of the affluont 
rivers carry on an average more of that salt in solution with 
them than the waters of the Iakes contain 4). In the mud of the 
Iakc of Geneva 5) there is found a mean percentago of 27.8,11. mini
mum of 149 carb::mate of lime, that of the Iake of Bourget5) contains 
55.5 pCt, of Annecy 28 to 79 pCt.; of Aiguebelette 29.7 pCt., of Paladru 
84.7 pCt., of Nantna 563 pCt., of Sylans 73 pCt. 0). 

It is 1herefore evident that those waters must be satured with c,t COs. 
In reg'ard to the analyses of Jiver water I rrfer to BISCHOF and 

ROTH in the first place 7). Some reliabie and especially impOI'tant 
analyses may still be quoteil here. 

According to two analyses of VOHL 8), ono dudng high anel one 

1) T. S. H UNT in: Geology of Can:u1a. Monirea1 1863, p. 566. 
2) Bulletin de l'Acadélllie impér. des l?Clences St . .Pétf'rsuour~. T. 16. 1871. p. 19~. 
3) R. GODEFraOy, Ref. in Jahresuericht uber die Fortschritte der Chemie fur 188'~, 

p. 1623. 
4) According to DUHRC (Le Luc iJ' Annecy, Archives Jes sciences physiqnes et 

nnturelles (3). Tome 3l. Gelli've 1894, p. 197) the water ftowing tl\rough 13nvnlels 
into the lnke of Annecy contnins on nn ave rage 199.1 mgrms. CIlC03 11er Utre, thnt from 
the 1ake itself 50 mgrms. less. The surplus is consumed by nlgue, whilsL cnlcareous, 
tufn is formed. 

6) Calcu1ated nccording to 15 nn.Llyses mentionecl by Fonm. (Le Lémnn, I. p. 122 - 12 ~). 
G) Archives, Genève. Tome 27. p. 573 :md Tome 31. p. 197. 
1) G. BISClIor, 1. c. - J. Ron!, .\llgemeine nml chemische Geologie. Bt'I'1in 1879, 

B,l. l. n. 457 seq. 
8) L. c, 
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during low water mark, of the water from the Rhine, taken above 
Cologne (in and below Cologne a temporary increase of the quan
tity of carbonate of lime takf's place) it contains a mean of 80.8 mgrms. 
CaCOs per litre. BISCHOF found during low water at Bonn 94.6 mgrms , 
GUNNING 1) in February 1862 at Arnhem 87 5 mgrms. Some other 
analyses of water from the Rhine yielded figures slighly higher, for 
instance those of FREYTAG (above Cologne in 1853 _and 1855) 
132.3 and 134.1 mgrms. and of SAINTE CLAIRE DEVILE (1848 at 
Strassbourg) 135.6 mgrms. per litre (these analyses all quoted by VoaL). 

The determinations of the matter in solution in the Meuse at 
Liege, daily made during a year by SPRING and PROST, and the 
analyses of those, collected in 13 periods differing according to the 
water mark, show that the Meuse contains on an average 90 mgrms. 
Ca C08 per litre of water 2). 

According to the analyses by WOLFBAUER of 23 samples of water 
taken during a year with intervals of about 1 ö days, the water of 
the Danube above Vienna contains on an average 97.9 mgrms., 
according to ODe analysis of BALLO at Budapesi. (in the middle of 
November) 88.7 mgrms. carbonate of lime per litre. 

Tbe Embach above Dorpat and the Welikaja at Pskow, which 
both flow into lake Peipus, contain in summer, during low water, 
88 resp. 82.5 mgrms. dissolved carbonate of lime per litre of water 3). 

The Syr-Dmja (May 1878 I, according to an analysis by C. SCIIMlDT 4) 
contains 86.4 mgrms. Cd. COs per litre water. 

Tbe Blue Nile near Khartoum has on an average, fl'om an obser
vation at high and another at low watel', 77.5 mgrms. cal honate of 
lime in a litre of water 5). 

From the analyses of water of the Nile near Caïro puhlished by 
CHÉLU (J) it appears, that on an average (from twC'l ve, monthly 
repeated,observations) among the dissolvcd matter 42.5 mgrms. C.l. 0 

1) J. W. GU!\NING, Onderzoek nnnr den oorsprong en de scheikundige nntuur van 
eenige Nederlandsche wateren. Utrecllt 1853, p. 66. Also in Journal fur praktische 
Chemie, Bd. 61 (1854), p. 139. 

2) Cnlculnted from the statements (1. c. p. 208 nnd 212) of tbe solid matter in solu
tion cnrried during a yenr ancl tbe yearly dischnl'ge of wnter. - l~our unnlyses of 
water from tlle Meuse by CIIANDELON (quoted by lhsCIIOF) yie1<l n.mean of 86.3 mgrms., 
one of GUNNING (I. c.) at Grave 72 mglms. per Jitre. 

3) C. SCHMIDT in Bulletin de I'Académie imp. des Sciences St. Pételshourg 1875. 
Tome 20, p. 134. 

4) Mémoires de l'AclI<lémie imp. des SClences St. PéLelsho\ll~. (7). l'ome 29, 
1881, p. 25. 

6) CIIÉr,u, 1. c. p. 25. 
0) L. c. p. 177. 
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are found, which would correspond to 96.6 calcium carbonnte per 
litre. Part of this lime, ho wever, is combilled with sulphuric acid, 
in whnt quantity cannot be stated from the other results of the 
analyses, which seem to be stated wrongly. 

From the water of the Mississippi, wbich, being a very large 
ri vcr, with a drainage area aqual to 16 times that of the Rhine, 
would be of great importance, I am acquainted only with two 
:l.nalyses, one by AYEQUIN 1) and another by Jo~ms 2). A.ccording 
to A VEQUIN, in August 1856, 1 gallon of water from tbe 
Mississippi above New Orleans (at Oarrolton) contained 7.307 grains 
of carbonate of lime and carbonate of magnesia j according to JONES 
near New Orleans 1 titre contained 92.8 mgrms. carbonate of lime 
and na magnesia. If now according to the usual ratio we reckon 
tbat anc U nited States gallon is equal to 57750 grains it would 
follow from the analysis of the first named ehemist that one litre of 
Mississippi-water then contained 126.5 mgrms. Oa 003 + Mg OOs 
in solution. If taking however with MELLA.RD READE that one 
gallon is equal io 56000 grains then the number for the dis
sol ved carbonates would be 130.4 mgrms. Oarbonate of magnesia being 
in every case only present in small quantities, the two latter num
bers for the carbonates appear to agree pretty weU with the result 
of the ana lysis of A VEQUIN. A.rcording to the val nes fOl' the yearIy 
discharge of earbonate of lime and thc yearly discharge of water 
of thc Mis'lissippi, quoted by RUSSELL, a quantity of 75.5 mgrms. per 
litre is to be ealculated 3). 

The avcrage quantity of earbonate of lime of twenty rivers in 
North A merien, nearly all of whieh, bowcvcr, arc of very smaH si ze, 
nnd mnny draining regions poor in or even defieient of limestonc, 
is acrording to RUSSELL 56.4 mgrms. per litre 4). 

Among thc smaller rivers there are many, fiowing over limcstone 
or taking up tbe water of sou rees situated in limestone, which are 
very rieh in dissolved calcium earbonate, partIy beeause they rontain 
spring water, not yet suffieiently ventilated, whieh has taken up 
caruonic acid under a higher pressul'c, and partlyon account of 

!) A. AVCQUIN, .Tourn. Pharm. (3). Vol. 37 p. 258. (LS57). Qlloteu by T. MEI,T,A.RII 

READE in Americnn Jonrnnl of Sciencp. (3). Vol. 29. (1885), p. 291. 

2) W. J. JONES, Report Ln. St. Bonrel of ITenlth 1882, p. 370, qnotp(l by J. C. 
RUSSELL iu: Gt'ologicnl lIistory of Lnke Lnhonwn, MOllogrnph of the U S. GeologicllL 
Survey, Vol. Xl. (1885), p. 176, Table A. 

3) I. c. p. 1 75 • 

• ) J. c. p. 174. 
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their being more polluted by organic matter. In their further course 
they lose much of their dissolved carhonates. 

Here may still be remembered the 9 analyses of Thames water, 
quoted by BISCHOF I), which a11 show a high quantity of calcium 
carbonato, namely from 115.6 mgrms. to 205.4 mgrms. per litre, and 
also those of the water of the Seine at Paris, according to POG
GIALE 2) by whom during ft year an average of 115 mgrms. was 
found, and according to ST. CLAIm: DEVILLE, who found 163.5 n,grms. 
per litre in the water of the Seine below Paris. These results 
indicate again the increase of the quantity of carbonates of lime i_n 
consequence of pollution of the water by organic matter 3). 

Same ri vers , which flow for the greater part of their course over 
crystaJline silicate rocks, and of which only few are of largo sizo, 
are on the contrary paar in calcium carbonate. 

From the water of the Rio de la Plata, a river which, as ta -tho 
size of its drainage area, is only little inferior to the Mississippi, 
and which discharges more water, there exists according to MELLARD 
HEADE 4) "a very exhaustive series of observations and analyses," 
made by JUAN J. J. KYLE, during 1872 and 1873 and the results 
of which he has published in a pamphlet of 11 pages in 1873 at 
Ruenos Ayres, which to my great regret I have neither been able_ 
to' procure, nor to read. As average quantity of solid matter in 
solution of fourteen analyses of water taken at different timt's, from 
April to June, in the neigbourhood aod above the city of Bupnos Ayres, 
MELLARD READE gives 1/01437 and from two analyses in September 
1/3l25' If we take iho sixteen analyses to be of equal value we get a 
mean of 1/0J28 or 166 mgrms. per litre of water, figures which agree 
very weIl with those observed in most of the other large rivers. 
Starting from the last stated mean we may compute from the results 
of analyses of Rio de la Plata water, published by KYLE elsewhcre 5), 
that it keeps in so]ution on]y 23 mgrms. carbonate of lime per litl'C. 

The Amazone, accor~ing to the analysis of one sample lIy P. S. 

1». c. }l. 273 and 274. 

2) Jnhresber. der Chemie, 1855. p. 521. 

3) H. M. WITT, On the vnrintioll in tbe chemical C'omposiiioll of the 1'hmnes water. 
Philos. Mllgll~. (4). Vol. 12. Lomlon 1856 p. 114-122, Pllblishecl n nllmhel' of analyses 
of tbe water of tlle Thnmes at Kingston :meI at Chelsea, nceOl'ding to which e,g. with 
11. relative quanlity of ] 37.8 mgrms. calcÏllnl cal'bonnte, 213 mgl'ms, of ol'gnnie matter 
wel'e determinpcl. 

4) 1. e. p. 292, 

6) Chemical News1 Vol. 38 (18i8), p. 28, 
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FRANKLAND 1), keeps as little carbonate of lime in solution, 27.5 mgrms. 
per litre. 

The Dwina above Arcbang'el bas, according to one analysis by 
O. SCHMIDT, only 20.2 mgl'rns carbonate of lime in a litre of water 2). 

As to smaller rivers, for instance the water- of the Hudson, cal
culated from an analysis hy C. F. CHANDLl<JR 3) keep 42 mgrms. calcium 
carbonate per litre in solutions, and that of the Deluware, according 
to an analysis by H. WURTZ of a sample taken from the reservoir at 
Trenton 4), 25 mgrms. calcium carbonate per litre. Such rivers pOOl' 
in dissol ved calcium carbonate are mostly of minor importance as 
to their discharge of water. 

In regard to the rivers, in whose drainage areas limestone rocks 
abound, it appears from the above stated f.'ilcts and considerations, 
that in the water which they discharge inio the ocean, dissolved 
earbonate of lime is found in a ratio which on the whole is some
what higher than thnt which wonld exist, if it were nnder the influ
en ce of tbe carbonic acid of the atmospbere only and it contained a 
surplus of solid carbonate of lime. In fact limestone being sp~ead 
all over the earth, we may take for grarited that the greater part 
of the river water flowing into the ocean has had an opportunity 
to get saturated with carbonates of lime. Those rivers in general 
contain during low water mark rather more carbonate of lime, 
whcreas during high water mark the quantity of ihis matter may ftlU 
somewhat below the saturation-point of pure water. On the other hand 
some large and mnny small rivers, draining nreas which are poor 
in or deficient of limestone, keep considerably less carhonates of lime 
in solution. 

It appears, therefore, that we cannot be far from the tl'uih if we 
assnme that the water which the rivers carry to the ocean keeps on 
an average as much carbonates of lime in solution as pure water 
can eontain, thus taking that tbe influence of the cnrbonic acid de
veloped by the decomposing organic matter is counteractE'd by that 
of the temporary diluting during high water mark, and that of the 
river waters flowing directly into the ocean, which are poorer in 
cnrbonate of lime. Tbc surplus which the organic matter graduaJly 
develops in the river-water can never causc the pressure of carbonic 

'1) Q.uoted by MllLLARD }{EADE, 1. c. p. 295. 
~) Bull. Acad. imp. St Pétersbourg. Tome 20 (lS75), p. 152. 
3) Report of the Americnn Public llenlth Associntioll. Vol. I, p. 542-543 (qlloteu 

hy 1. C. RUBSELL, 1. C. p. 176, Table A). 
4) Also quote(l by UUSSELL, ibid. 

11 
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acid to rise high, as is already evident from the fa ct tho.t in Sllmmer 
the quantity of calcium earbonates iJissolved iR by no means always 
greatest, the greater absorbing power at lower temperl1ture is pre
valent as a rule. The highest surplus is found in sueh profusely 
polluted waters as those of the Thames. 

The total quantity of the water, whieh the rivers diseharge yearly 
into the ocean has repeatedly been estimated, by E. RÉCLUS 1) at 
28000 KM, by A. WOEIKOFF 2) at 18800 K.M.3), by Sir tTOHN 
MTIRRAY 4), from the most reliable data, at 27000 K.Ms. and 
DE LAPPAJtENT and PENCK agree with MURRAY. 

Aceording to MURR.A.Y'S figures, if at the same time we take that 
the water whieh the rivers diseharge into the oeean contains on an 
average 74: mgrms. of carbonate of lime per litre, we may calculate 
tb.at two hillion (i. e. 2 X 1012) KG. of carbonate of lime, whieh 
as solid rock ,would have a volume of about three fourths K.M3, 
forming a cube with more than 900 M. side, are yearly carried 
to the oeean in dissolved state. 

Considering now that the ocean water is saturated with carbonate 
of lime, that the quantity of ocenn water does not undergo percept
ible changes, and that moreover it is wholly inadmissable that this 
yl:'arly surplus should serve only or for a large part to increase the_ 
calcium sulphate of the ocean, the latter salt being found in it only 
in about the tenfold quantity of the carbonate of lime, and thereforo 
only in 800.000 tin:es as great a quantify as that of the aforemid 
yearly surplus itself; these two billion KG. of carbonate ofIime must 
pass every year from the liquid into the solid state. That this hap
pens entirely, or at least principally, by the agency of orgamsms 
and as we now know for the groater part indirectly through calcium 
sulphate, is of no account here. That on tho ofher hand this carbon
ate of lime, which in the ocean became solid again, wiU onl:'e be 
elevated by the endogene forces of our planet and changed into 
land, brollght again into solution to take the same way, is to be 
conelllded as weIl from the fact that we find all'eady mighty strata 
of limestone in tbe archean formations and in all later formations, 
as f('Om tbe fact that all riveIs and lakes in whose drainage amas 
110 limestone reeks are found, contain only little cal'bonate of lime 

1) La TeHe. Vol. r. 4me Edition, p. 51,1,-517. 

2) Die Klimnte der Erde. Jeun 1887. p. 50. 

3) I. c. p. 70. 
~) A. DE T1AFPARl NT, 'l'rmté de Géologie. 4me Edition. Pnris 1900, p. 232. - A. PENCK, 

Morphologie der Elde. Theil T, p. 278. 
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in solution. The in stances already quoted hy BrscIIoF ofthe DeeatAber" 
deen, whose sources are situated in crystalline silicate I'ocks (granite) 
aod which contained only 12.2 mgl ms. calcium carbonate per litre of 
water and ot the glacier-rivulet Mbll at Heiligenblut and Oetz at 
Vent, which, flowing over crystalline shists, proved to contain only 8.4 
and 4.5 mgrms. per litre resp. of that salt in solution, whereas on the 
contrary the Lutschine at Grindelwald, having limestone for its 
bed, contained eveu close at the glacier as mueh as 40.5 mgrms. 1) 
may here be mentioned as a pro of th at by far the greater part of 
the calcium carbonate, which the rivers carry to the ocean originates 
from Jimestone mountains, which have heen formed from calcium 
carbonate made already solid in the ocean in former times. 

The Croton River (suppJying water to the City of New-York), 
draining a region of archean rocks, has only 87.2mgrms. ofdissolved 
matter alld 28.5 mgrms. calcium carbonate in a litre of water 1). 

The Ottawa, receiving the greater part of its waters, flowing through 
many smaH lakes, fr om a region of crystalline rocks, and also draining 
great areas offorest and marsh, contains in solution 24.8 mgrms. calcium 
carbonate and 16.4 mgrms. of organic matter per litre of water 2). 

The water from the Upper Bann in Ireland, berore reaching Lough 
Neagh has been flowing over 50 KM. of granite, anel contains only 
17.7 mgrms. Ca 003 per litre 3). 

The water of the Elbe, on reaching Tetschen, near the northern 
frontier of Bohemia, has been in contact chiefly with crystalline 
silicate rocks and sandstones, and only in the silurian basin of 
Prague and in the Oretaceous rocks of the nOl thern part of Bohemia 
also with some limestones. It contains, according to the de ter
minations, made by ULLIK in 22 periods during a year, only 
67.5 mgrms. matter in Eolution per litre (besides the organic substances), 
of which 50 mgrms. are calcium carbonate. That is not more than 
about a half of wh at a river so profusely polluted with organic 
matter as the EI be at rrptschen would be ab Ie to take, if its waters 

1) L c, p. 275. 
~) J. D. D .... NA.. Manual of Geology. ll'ourth Etlition. New-York 189G, p. 121. quoted 

from E. WALl.ER. wnter supply of New-York City, 1881 mul C. F. CUANDLTIn 
in Johnson's Cyclopedm. Vol. IV. The water was taken from the reservoir supplymg 
N ew-York CIty. itself supplied from the upper pat t of tlte drainage area of this smnll . \ 

fIver. 
3) 1'. S. RUNT in Geology of Canada. Geological Survey of Cllnllda. Report of Progrl'ss 

from its commencement to 1863. Montrenl 18G3, p. 566. "'1'118 walel WilS taken on 
the 9th of March at the henel of St. Anne's Lock, and wns remnrknbly frt'e fl'om nny 
sediment or mechanicn} impnrity." 

4) HODOES, Chemicnl News, Vol. 30 (1874), p. 102. 
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came so largeIy in ron tact with limestone as is the case with most 
of the large rivers. And so in the suspended matter therc are hardly 
any traces of solid earbonate of lime, indeed less than 1 mgrms 
per ~itre of water 1). 

'I'he contact with limestone rocks of the waters of thc Molilau, a 
large tributary to the EIbe, having been still less above Praglle, 
they eontain even less tban half the calcium earb'Jnatc of tbe Elbc 
at Tetsehen 2). 

Aeeording to an analysis of water from the Uruguay River at 
Salto by KYLE (l.c.) it kept in solution per litl'e 10 mgrms., aeeording
to another anaiysis by R. SCHm~LLER 3) of the water from the samo 
river below Fray Bentos 16.2 mgrms. calcium earbonate. The 
drainage area is almost entirely taken hy sandstone rocks, which 
are very poor in Iime. 

In six little lakes of the granite rcgion of the Plateau Central 
of France DELEBECQuE found only 18 to 77 mgrms. solid matter in 
solution in a litre, on an averagé 37 mgrms. 4); whercas 141akes, equally 
small, in the département du Jura, where limestone rocks abound, held 
108.6 to 195.6, on an average 147 mgrms. solid matter in solution c,). 

The lakes of Gérardmer, in thedépartement d('s Vosges, and IssarIès, 
in thc départemont Ardèche, whose drainage areas are situated in_ 
granite, hold per litre of water 5.9 and 10 mgrms. carbonate oflime 
in solution; thoso of Chauvet, Godivelle-d'en-Haut and Pavin (in 
Puy-de Dome), situated in basalt, 6.8, 5 and 15.7 mgrms, whereal 
for the total of the solid matter in solutiO\~ these Iakes were found 
to keep 21.1, 27, 21, 18.3 and 79 mgrms. per Iitre of water 6). 

The Rachel-See, a litHe mountain lake, situated in the Bavarian 
Forest in cordierite-gneiss, and having' an outlet, contains, according 
to the analysis of H. L. JOHNSON 7) onIy 2.22 mgrms. calcium carbonate 
per litre of watel'. 

I) Calculnted from the total of the solid matter in solution mul in suspension yearly 
carried (1. c, p. 53) and the yearly dlscharge of water (I. e, p. 51). On its flll ther 
course the Elbe has so much opportunity to dissolve chfier<!llt snbstancE's, especially 
calbonate of lime, th at its water above Hamburg contmns per litre 237 IPgrms. of tobIt 
solids in solution (PE~CK, Morphologie dl'r Eldoberflache, Stuttgart 1894. I Thall, p. 309 ) 

~) According to 7 analyses by A. BhoHOUBEK (Untersnchnngl'n des Moldnnwassers) 
in SitzungsberlChte der K. Bohmischen Gesellscllfilt der WIsseuschnftE'n in Prag. 
lt!76, p. 37. 

3) Berichte des Deutschen chemischen Gesellschaft. 1887, p. 178(1. 
4) Archives etc. Genèvl" 1892, (3) T. 2S p. 50·!-' 
6) Ibid. p. 503. 
6) Colculated from the results of analyses, published by DnLEDEc~UD, Les lacs frnn· 

çnis, p. 20 l-203. Sea also, Carte Géologïqne de l?rance nu l/soooo, feudles Épino 1, Le 
Puy et Brioude. 

1) LIEBlG'S Annalen der Chemie. Rtl. 95 (1855), p. 230. 
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The large lake Onega 1), '\\- hieh is almost entirely sUl'rounded Ly 
Finland granites and diorites, contains only 10.8 mgrms. calcium 
carbonate per litre of water. 

The water of Lake Superior, whose drainage basin is composed 
of ancient sanàstones, conglomerates and orystalline rocks, with very 
little limestone 2), keeps only 30.8 mgrms. calcium carbonate, 45.7 
mgrms. of total solids in solution per litre 3). 

Reindeer Lake, lying in the great archean area of Central Canada) 
north of Lake Winipeg, has only 29 mgrll1s. dissolved solid matter, of 
whieh only a slight trace of lime, in a Iitre of water 4). 

Lake Tahoe, all1id the granitic and shistose peaks of the Sierra 
Nevada and 'ovedlowing in the Truckee River, has 72.3 mgrms. of 
dissolved solid matter, of which 23.2 mgrms. are carbonate of lime, 
in a litre of water b). 

Other lakes, which receive their water cntirely or for the greater 
part, from areas of glacial depo~its, whieh eonsists, mostIy of the 
débris of crysfalline silieate rocks, diluvial regions, are equally pOOl' in 
calcium earbonate. So the Iake of Starnbel'g or Würmsee in Bavaria 6), 

which holds in solution only 4.8 mgrms. calcium carbonate per litre of 
water, and Loch Katrine in Scotland, which arcording to thc analyses 
of W ALLA CE 7), contains in a Ii tre of water only 2.7 mgrms. CaO, for 
tbe grE'ater part still bound to S03' and of which the drainage area, 
according to the description of Sir JOHN MURHAY and F. P. PUL
LAR 8) consists almost entirely of drift (clay, sand and gravel), by the 
sidc of shistose grit with same ll1ica·shists and very little diorite, 
rocks, which do not conlain carbonate of lime. The lat ter is also 
wanting in the mud 011 the bottom of that little lake D). Lake Wener 
has only 36.2 mgrms. and lake Wet ter 51. 7 mgrms. matter in solu ti on 
per litre of water 10). In the drainage area of bath these Swedish 

I) C. SCIIMIDT, in 13ulletin de l'Acaclémie imp. des sciences. St. Pétersboulg. T. 28 
(l883), p. 248. 

') R. D. IWlloIG, The copper-benring rocks of Lnke Superior. Monogrnphs of the 
TJ. S. Geological Survey. Vol. V. Wnshington 1883, p. 340. 

I) Anlllysis in Geologiclll on Natural llistory Survey of Minesota. Elevellth nunual 
1teport, p. 175, quoted by \Ynrl'en Upllllm, The GIacial Lake AgllsSIZ. Washiugton 
1895. Monographs of the U. S. Geol Survey. Vol. 25, p. 544. 

4) From Ilnalysis by F. W. CLARKE, quoted by I. C. RUSSELL, Hlstory of Lake 
Laholltlln, p. 42. 

6) Geology nnd Nlltural History Survey of Canlldll. Report of Progress for 1880-
1882, p. 6. H. 

6) MENDIUS, in Jahresber. der Cllemie fur 1856 p. 765. 
7) Report of tlle meeting of the British Associntion for the Advnncement of SClence, 

held Ilt Mnnchester 1861. London 1862, p. 94. 
8) Geogrnphical Magazine. Vol. 25. 1900. Plnte Il. 
9) L. c. p. 329. 
10) A. ALM.bN in: llerilJhte d. Detüschen chemiechen Geeellsch. Bellin 1871. p. 751, 
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lakes by the side of crystalline rocks only diluvial sod occurs. 
All thtl last named lak es are, in respect to their having an outlet 

and concerning their nearly constant compositiol1, which -is dependeot 
on the chemical character of their drainage area, to be compared with 
the lake of Geneva and the other beforenamed lakes which are 
all l'ich in lime. Likewise the very large lake Baikal, through 
which flow the U pper Angara and the Selenga and which moreover 
receives some two hundred small rivers, and rivulets, and over
flows in the tumultuous Lower Angara. As far as that region 
has been geologically explored, there are found in the drainiug area of 
lake BaikaI, besides of some pleistoceoce formations, principally archean 
rocks, also, however, to relatively small extent, palaeozoit limestone. 
Calculated according to the analyses of SCHMIDT 1) its water (taken 
in April 1877 from under the ice) keeps per litre not more than 
40.1 mgrms. carbonate of lime - in solution. Lake Tschaldyr in 
Armenia, another, much smaller lake, of about 150 KM2 surface 
and likewise ha ving an outlet, containing only lixiviation water 
from trachytes, kept in solution (28 July 1879) per litre 42.5 mgrms. 
calcium carbonate. This relatively high figure for ahasin situated 
in silicate rocks may be eXplained by the continual movement of 
the shallow water of the lake by violent gusts of wind, which keep 
it troubled and of a milky colour 2). In consequence of this the 
suspended detritus of the rocks can more easUy be decomposed by 
water and carbonic acid. 

According to the estimate of TILLO 3), the crystalline silicate rocks 
occupy about 1/4 of the land surface of the earth, surely a mllch 
larger surface than that which is occupied by the limestone rocks. 
As nevel'theless the river-waters take their carbonate of lime hy far 
the greater part from the limestone mountains, it follows that the 
making of calcium carbonate from calcium silicate is a much slowel' 
process thRn the solving of previously formed limestolle, and that 
therefore the above calculated quantity of two billion KG. of calcium 
carbonate peloforms for much the gl'eater part a real circulation, of 
which only very little is newly added carbonate, though all tbe 
calcium carbonate of the earth must gradually have originated from 
the decomposition of silicates. 

1) C. SCHMIDT in Bulletin de l' Académie i~p. de St. Pétersbourg, Tome 24 (1878), 
p. 420. 

2) C. SCHMIDT in Mémoires de l'Acndémie imp. de St. Pétersbourg (7). Tome 2!J. 
(1881), p. 4ö and 48. 

3) Comptcs Rendus. Acndémie des Sciences, :Pade 1892, p. 5. 
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Chemistry. - «The solubilily of ('alcium carboJlate ill ~ea-waler". 
By Dr. ERNST COHEN and Mr. H. RAKEN (Communicatcd 
by Prof. H. W. BAKHUIS ROOZEBOOM). 

Whilst engaged in forming a theory on the age of the earth, it 
was of importanee to Professor EuofuNE DUBOlS to possess ful'ther 
data as regards the solubility of calcium carbonate in sea-waler 
under the usual eonditions of t'3mpel'c"ttUl'e and pressure. 

It is at his request that we undertook a research in order to 
obtain those data. 

The modus opemndi was, tllat sea-water in contact with the 
atmosphcre (having the norm al amount of carbon dioxide) was 
saturated with calcium carbonate and that after this point was 
reached, the arnount of CaCOs dissolved in an aJiquot part of the 
liquid was eRtimated by analytical means. 

Arrangement of the Expel'iments. 

·We prepared some litres of sea-water accepting as its cornposition 
that found by DITTMAR 1). I 

He finds the total percentage of salts to be 3.5 consisting of: 

NaCl 77.758 
MgClg 10.878 
Mg8n~ 4.737 
Ca80'i 3.600 
Kg 804 2.465 
MgBrg 0.217 
Oa COs 0.345 2) 

100.000 

Thc calcium carbonate was precipitated CaOOa previously rested 
for the absenee of other carbonates. As the solubility is dependent 
on the temperature this had to be earefully regulated. The experi
ments were made at 15°, which temperature was kept constant 
within 0.03-0.050 for same months. For this purpose we employed 
a thermostat with a toluene regulator also a spiral of composition 
tube through which streamed the water from thc mains. This tube 
was placed in the water of the thermostat. The COOliDg thus caused 

1) Report on tbe scientific results of the voyage of H. M. S. Challenger 1873-'76 
1884, pag. 204. v 

2) 'rhe CuUOa WilS only added ufterwards whbn determining tbe solubility. 
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was automatieally eompensated for by means of a gas ftame eon
nected with the regulator. 

In the thermostat in which a few puddle·boards were kept in 
motion by a HENRICI hot-air motor, were placed two botties con
taining the sea-water with a large exeess of OaOOfj' The bot tIes 
were closed by trebly-pel'forated eorks. Through the first hole 
passed a glass tube down to the bottom of the flasks, through tho 
second one a glass tube ending immediately below the cork. Through 
the third hole passed a thermometer. A current of air was passed 
through the tubes reaching to the bo ttom of the Hasks; this current 
was always strong enough to tboroughly stil' up the calcium car
bonate. The air entered tbe room through a glass tube wbich was 
pusbed through an opening of the window then passed through a 
meter in which its volume was measured and was then condticted 
through a spir.al of composition tubo 10 meter in length which- was 
placed in the thel'mostat. In thi::; mannel' it was heated to 15° 
before entering the sea-water. 

The tubes which onded underneath the corks of the Hasks wore 
eonnected with a water-suction airpump whieh drew the current of 
air through the water . 

.A. slight evaporation of the sea-water takes place wbieb is but 
triHing as the air takes up water from the meter, but we have still 
taken - notice of this and carefully marked the level of the liquids 
so as to be able to keep this regularly constant. 

The time of saturation was varied in order to be sure that equi
librium bad indeed set in, Therefore, an analysis was made aftel' 
passing the air for 8 days and nights and another aftel' tbe lapse 

. of 17 days and nights; these gave the same results 80 that it may 
be taken for grallted that 8 days and nights are already suffieient 
to reach ft state of equilibrium. 

From time to time tbe 002 of the air which had passed through 
was estimated, To do this, we interposed in tbe arrangement a large 
ftask holding about 5 litres through which the air passer. before 
reaching the moter. Af ter 1-11/2 hour the 002 was estimated by 
shaking with standard barium hydroxide and titrating the excess 
with succinic acid. In calculating, due regard was paid to tbe tem
perature and pressure. 

When the experiment was finished, tbe current of air was stopped 
and the Oa003 was allo wed to deposito Then the liquid was filtered 
at 15°. 
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Analyse. 
Under the circumstances described, there existcd in th!:! water I) 

af ter the experiment: 
1. Carbon dioxide in the free state. 
2. Neutral calcium carbonate. 
3. Acid calcium carbonate. 
Through the clear solution -was now conducted a current of air 

which was completely freed from CO2 by passing it through a 2 meter 
long' tube filled with soda-lime and some washbottles containing 
aqueous caustic potash. On passing a neutral gas sueh as air, both 
the free carbonic acid and that of the acid calcium carbonate are 
expelled wbilst neutral calcium carbonate is precipitated. 

Specially conducted experiments, one of which lastl3d 41/ 2 and the 
other 100 hou l'S, . proved that aftel' 41/2 hoUl's the decomposition of 
the acid calcium carbollate and the expulsion of the carbon dioxide 
is complete. 

The solution thus treated was now exarnined as to its amount of 
combined carbon dioxide (Ca C03) by decomposing this with hydro
chlo1'io acid and weighing thc expelled CO2 in soda-lime tubes, acoording 
to the metbod of KOLBE-FRESENIUS 2) whicb was carefully followed 
in every particular. 

Results. 
300 cc. of sea-water were used, for each analysis. 
a. Solution of Ca C03 through which was first passed a CUl'l'ent 

of atmospheric air for 8 days and nights and then a current of air 
free from CO2 and saturated with water vapour, for 41/2 hours. 

Acco1'ding to tbc indication of the meter, 41100 litres of air bad 
passed through the solution in 8 days and llights which is about 
108 litres per bour. 

Tbree estimations of carbon dioxide made during tbis time on 
different days gave as result 0,0371, 0,0323 and 0,0290 per cent 
of CO2 by volume. 

Found 16,2 milligrs of CO2 in 300 cc. of solution saturated at 
15°, or 53.94 milligrs per litre. 

b. Solution of Ca COs through which was first passed a current 
of atmospheric air for 17 days and nights and th en a current of air 
1'ree 1'rom CO2 and saturated with watervapour for 100 hours. 

Found 17.2 milligrs in 300 cc. or 57.27 mil1igrs per litl'e. We, 
therefore, find that sea-water saturated at 15° witb calcium carbonate 

!) Compnre G:r.mLIN-KRAUT, Hap.<lbuch Anorg. Chemie, Part 1, 358. 
2) FRESENlUS, Anléitung ZUl' quaut. Chem. Analyse, :Bd. I (1875) § 44\l. 

l'roceedings Royal Acad. AmA+prdam. Vol. 111. 
5 
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contains an amount of 55.6 millig-rs of noutral-combined 002 per litre. 
It now appears from the researches of JACOBSEN I), TORN ijlE 2) and 

DITTMAR 3) (OHALLENGER Expedition) that the amount of neutral 
combined 002 in sea-water varies from 52.8-55 milligrs. per litre. 

Our research, therefol'e, leads to the l'esult that soa-water. is satu
l'ated with calcium carbonate. 

Amsterdam, Chemical University Laboratol'Y, March 1900. 

Physics. - "On the phenomena of condensation in mixtures in iJte 
neighbourlwod of the critical state". By Dr. OH. M. A. HARTMAN 
(Oommunication N°. 56 from the Physical Laboratory at 
Leiden by Prof. H. KAMERLINGH ÜNNES). 

In a communication of DUHEy 4) the hypothesis is laid down that 
in a mixture of two entirely miscible substances the experimental 
and tbe theoretical isothermals for one and tbe same temperature, 
situated bet ween the temperature of the plaitpoint and that of the critical 
point of contact, interseet twice in the area of the unstable conditions. 

---
--------.. 

_..=...~~ 

'I' 

On p. 31 and in 
thesis I of my dissel'ta
tion for the doctorate 5) 
I have drawn attention 
to the fact that this hy
pothesis is at varianee 
with VAN DER WAALS' 
theory of mixtures b). 

The following may 
serve as a nearer ex
planation. 

The actual condition 
may be seen from the 
annexed figure, deri ved 
from my dissertation in 
which the lines of equal 
pressure on the lP-sur-
fdee in the neighboul'-

1) LIEBIG'S Ann. 167. S. 1 (1873) j JlIhresberieht der Uommission zur wiasensehuft-
belten Untersuehung der deutsehen Meere in Kiel. 1872, S. 43. 

2) Den Norske Nordhavs-Expedltion 1876-78. 
J) 1. c. 
4) Procès-Vel baux des séances de la Soe. des Se. phys. et nat. de Hordeau\., 1899. 
0) Metingen omtrent de dwarsplooi op het "'-vlak van VAN DER W ULS blJ mengseli 

van Chloormethyl en Kool411ur. Leiden, Juni 1899. 
6) VAN DllR W HLS, Areh. Néerl. XXIV, p. 1-56, 1889. 
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hood of the area of tbc retrograde condensation are drawn projected 
upon tbe .c V-plane. 

That the course of the ]ines of pressure must be so, foUows from 
VAN DER WA.ALS' formula, cOJlcerning all points of the connodal 
lino in the IP-surface: 

aq has been cxplailled on p. 30 of the dissertation. 

As the secolld member of this equation is always positivc (at thr 
dP 

plaitpoint P it beCOlues zero. at the same time as -), the two factors 
dx 

of the first member have always the same sign. 

"1' f Rh dP 'S'} In thf' crItICa pomt 0 contact . w ere - is 10 mte y great, 
dlr 

the tangent-chord will touch the projection of the line of pressure. 
Therefore in each point bet ween Pand R, where, as follows from 

dP . . ( a V) 'J" b h V'- v the figure, - IS negatJve, --;:;- WI 1 e greater t an. , or 
dx 0$ p :C-[(' 

in words: there the line of pressure will be steeper with regard to 
the a;·axis than the chord. 

At the other end of the ('hord, whel'e dP is positive, the slope 
d,r; 

of the line of pressure will be less steep. 
For pressures between Pp and PR the lines of pressure in the 

unstable part lie therefore in projection between the chord and 
the connodal line, so that the pl'0Jections of the chord and the 
pressure line for one and the same pressure between Pand R cannot 
lntersect. 

For pressures lower then PR the chord and the 1ine of pressure 
will intersect in projection onJy in one point S. The line in which 
these points of mtersection are situated extends over the whole breadth 
of the plait and terminates in the critical point of contact R. 

If now we follow a 1ine a' = 11'1 with decreasing volume, we shall 

I) VAN DER WAALS, 1. c. p. 15; in this formula a diflerence 1ms been made hehveen 
P the two-phnse-pressllre, nnd p tbe pressllre in nny point of the tfi-smfnce. P,1I1 n.nd 
r', ol then refer to tlte co·existing pbnses. 

2) VAN nun WAALS, 1. c. p. 56. 
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be able to tleduce the phenomena of condensation from the figure. 
In the beginning of the condensation we shaH for ~ne -and the 

Aame preSSlll'e first meet the line of pressure at a, then the chord 
at b, beyond S on fhe contrary, we first meet the chord at c and 
then the line of pressure at d. 

If now we map the connection between V and p on a Vp-dia
gram, we shaH refind the above-mentioned point of intersection fol' 
all mixtures, which show condensation, as the intersec~ion of the 
expprimentaJ anel theol'ctiral isothermals, and this will be their 
only intersf'ction. In the same way at the beginning of tbe 
condensation the first-mentioned isotherm wiII al waVA be situated 

I • 

below and afterwards beyond the point of intersection always above 
the seconde 

2. DUHEM lIas arrived at his hypothesis in the following way : , 
First he traces how the total volume VI of a complex of two 

phases varies with thc two-phase-pressure P, if the temperature 
remains constant. 

Let .1', V and 1n he tbe composition, molecular volnme and quantity 
of the fin;t plmse (liquid), tr', V' and 1-111 those of the second 
phase (vaponr), and .Tl the mean romposition of t11P complex, then is 

(a Vl) { (a F) (0 fT) d.c I \ (a V)' (a V)' d.r' i ' - - m ) - + - - + (1- m) . - + - - Î ap a-;- . / ap x d.1' p' dPj / ap 3" a.r' I: dPj 

dm + (T' - V') . - . 
liP 

No}V DUHEM considers wbat this reJation becomes at tbe plait
point. Then 

m = .T' = ,1:1 ; TT = r'; (:i) x (~;) x,alld (~.:T)IJ (aa~)lJ . 

dJ: d.c' 
Moreover he assumes, that here also -p = - -p and sa concludes 

d d 

that (aa:1) XI' G;) X and (aa;) ,L,ftre equally grcat at tbe plaitpoil)t. 

He overlooks howevcr that at the plaitpoint :; is infinitely great 

so that these quantities are not equal. 
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In the plaitpoint therefore the experimental and theoretical iso
thermals in the Vp-diagram have not the same tangent, as has been
wrongly drawn by DUHEM. Hence his further conclusions may be 
neglected. 

3. Prof. VAN DER W A.ALS was so kind as to inform me that 
the mutual relation of the theoretica 1 and experimental isotherms, 
and henre also the error of DUHEM'S theorem, can be directly de
duced from the sections of the l/'-surface and of the locus of the 
tangents-chords by a plane il1 = const. _ 

Fig.2a. Fig. 2b. 

For this Prof. VAN DER WAALS remarks : 1 st. that - see fig. 2a 
and 2b 1) where l/' has been taken as ordinate and V as abscissa -
for a definite mixture the experimental l/'-line ASD must lie below 
the theoretical line AS'D. 

2nd• that at the beginning and end of the condensation, at A and D, 
the experimental and theoretical l/-'-lines have the same slope, and 
touch at those points. 

31d• that hence for a volume B in the beginning of the conden
sation the theoretical !p-line has a greater slope than the experi
mental, or Pexp• < ptlleor. An equality of pressure for one and the 
same volume wiJl again be attained where the tangents to the two 
/tI-lines become parallel, at S and S' in the fignres. Again for a 
volume C near the enel of the condensation the experimental tJI-line 
has a greater slope than the theoretical, or Pexp• > 'Ptlleor. 

1) Fig. 2a relates to the case where the critical temperature of the mixture, sup
posed to remain of constaut composition, lies below, auu fig. 2b where it lies above 
the temperature, for which the I/I-surface is cOllstructed j or: fig.2a refers to values 
of IV ou oue side, lig. 2b ou other side of the straight line llarallel_to the Y-axis 
and passing thl'ough K, the theoretical critical point ou the I/I-surfnce, see Dissertatioll 
Pi. I fig. 5. K does not uecessnl'ily coincide with the intersectiou of tnngent·chord 
n nd line of pressure. 
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The points S and S' agree with the intersection of the two iso
therm als in the Vp-diagram, fig. 3a and 3b, and with the inter-

F P 

-----------~~; p 

section of the chord alld the line of pres su re in fig. 1. As no other 
ras es than fig. 2a and 2b are possible there is only one such point. 

} 

4. With respect to the course of the condensation in th€' case 
of mixtures the following remàrks may be added. 

In the Vp-diagram the experimental isotherm al can be either 
convex or concave towards the V-axis. The first is the case for a 
mixture which contains only a sm aH proportion of the more volatile 
component, as occurs in VERSCHAFFELT 's experiments 1) - see 
fig. 3a -. Tlle s€'cond is the case for mixtures which consist prin
cipaHy of thc more vo]atile substance, as occurs in KUENEN'S expe
riments 2) - see fig. 3b _. 

The experimental l/J-line will have its greatest curvatUl'e near D 
in the first case, near A in the second (comp. fig. 2a with fig. 3a 

and fig. 2b with fig. 3b). 

Physics. - "Jr1easurements on the magneiic t'otation of tlie plane 
of polarisatioh in liquefied gases ttnder atmosplzel'ic presslwe". I. 
By Dr. L. H. SrERTsEMA (Communication N°. 57 from the 
Phys. Labor. of Leiden by Prof. H. KAMERLINGH ONNES). 

1. The continuity of tbe optical propertïes of suustances under dif
ferent circumstances of pressure and temperature, especially during 
changes in the state of aggregation is au important point of invest
igation on which light cau be thrown by measurements of the mag
netic rotation of the plane of polarisation. If we caleula te from the 

') Versl. Kon. Akad. v. Wetenseh. Amsterdam 24 Dec. lb98, p. 281; Proc. id. 
I, p. 288 and 323; Comm. Ph~s Lab. Lelden, N0, 4:>. 

2) Proc. B. Soc. Edinb. 21, p. 433, April 1897. Zeitschr. f. phys. Chem. 24. 
pag. 672, 1897. 
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observations the molecular rotatory constant Qp,t 1), this quantity 
will generally depend on pressure and tem perature, and we can 
consider the maDller in which it changes during the transition from 
the gaseous to the liquid state. 

Measurements on this subject have been made hy BECQUEREL anel 
by BICHAT 2) with Carbon disulphide and Sulphur dioxide as liquid and 
vapour. From these ohservations, in whirh no determinations of 
dispersion have been made, it follows that during the transition into 
the gaseous sta te the mag netic rota tion of Carbon disul phide decreases 
much more rapidly thall the density; and that BECQUEREL'S formula 

R 
1 'ol = Const. holds d uring the change of the state of aggregation. 

ft (n -1) 
My measurements on the magnetic rotation in gases 3) led me into 

an investigatlOn in this direction, ",hich also was furthered by the 
ample means offered by the Leiden laboratory for experiments with 
liquid gases. 

2. Fol' the measurements of the magnetic rotation in liqupfied gases 
under atmospheric pressure some special diffieulties have to be 
surmounted. In the first place care must be taken that the cylinder 
containing the liquid, which must let through tbe peneil of light, 
shall be free from bubbles of gas whieh may easily be generated 
on the walls when they are not properly plOtected against the en
trance of heat by conduction. Moreover this cylinder should be 
closed by plane parallel plates of glass of very gooi! quality, as for the'3e 
measurements it is difficult to place the nicols tn the experimental-tube 
and tbus within the closing·plates as could occur in the measure
ments on gases. These plates must also be protected against the 
entrance of heat but especially against moisture, as the least for
mation of ice on these plates binders the measurements. This renders 
it necessary to place mme than one set of glass-plates between tIle 
nirols, whieh latter circumstanee again makes it necessary to use 
greater rotations than was requil'ed for thp investigation with gases, 
as 1he glass-plates, good a'3 they may be, ren der the adjustments 
less accurate. 

3. The difficulties mentioned have been taken into account in 

1) Comp. Proc. Royal Acad Amsterdam. Vol I, p. 21)9. 

IJ BECQUEREL, J. de Ph. (I) 8, p. 198. BICllAT. J. de Ph. (1) 8 p. 204; 9 p. 275. 

a) Proc. Royal Acad. Amsterdam. Vol I. p. 296. Arch. Néerl. (2) '2 p.291. Comm. 
]'IIYS Lub. Leiden, Suppl. 1. 
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constructing the apparatus sbown in figs 1 to 3, which consists of 
glass and ebonite only. 

The experimental tube wbich is filled with tbe liquefied gas, 
consists of a glass tube a, closed by the glass-plates b, fastened to 
tbe tube by meallS of fisbglue. By means of some brass collars c, 
acting as springs, a loose glass tube d lies in tbe experimental tube 
of tbe same lengtb as the latter. The spaces withill and round the 
tube are connected by means of the two obliquely ground ends at E. 
Through this tube d the pencil is directed during the measurements. 
The experimental tube is filled with the liquefied gas ta a 
little above this 100se tube, which thereby is filled with the liquid 
and enLirely surrounded by it. Even supposing that a few bubbles 
of vapour arise on the walls of the experimental tube, they cannot 
get into the liquid contailled in the 100se tube and will not dlsturb 
our field of view. 

The experimental tube is moreover surrounded by two glass tubes 
f and g. Thro ugh the openings hand i the cold vapour of the 
liquid in the ex perimental tube can stream successively through the 
two spaces formed by these glasses, and then escape through the 
india-rubber tube k, fastened to an ebonite ring l ronnd the last 
named tube. The tube k conducts the vapour to a caoutchouc bag, 
in which it is collected provisionally, to be afterwards condensed. 
The bquid is admJtted through all opening in the ebonite lluts m, 
which also serve to conneet the various glass tubes. 

To fill the tube we use the steel C'apillary a (fig. 3) whieh is put 
through the opening in the nuts m (fig. 1) so :ts to reach into the 
experimental tube, to whieh it is fastened by means of the cap b 
(fig. 2). When the tube is filled we remove this capillary and close 
the opening by means of a smaH stopper. 

The two glass tubes f and .q are closed by the ebonite caps n, 
in w hieh caoutchouc rings 0 serve as washers. The caps are 
mutua.llY connected by six brass tightening rods. The closing plates 
b of the experimental tube are kept in their pI aces by means of the 
ebonite rings p in the caps 7/. These closing' plat es are shut oft' from 
the atmosphere by means of the glass-plates q, enclosed by the 
Duts 'I' together with a leather packing 8. These latter glasses are 
again protected against the formation of iee by spaces formeel by 
them and tbc plates t, whiC'h spaces eau be filled with dry air by 
means of the ebonite tubes u, or by placing some Ph08phorous 
pentoxide into them 1). The spaces between the glass-plates hand q 

I) Oomp. the Cryostate, Proc. Roy. Acad. Amqterdum, Sept. 1899. 
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are also kept' dry by means of' Phosphorous pentoxide i~ ebonite 
cups v; The nuts W with leàther packing and washers z serve to 
fasten the g1ass plates t. ' 

4. The magnetic field is obtained by means of a coi1 with.24 
layers of 46 turns of wire of 6 m.m. diameter; along which acurrent 
of as' much as 70 amp. may pass. The direction of the current anel 
the connectionwith the dynamo are arranged in the same way as 
for the, investigation with gases 1), ()nly the shunt 2) is remov:ed 
and replaced by.a shunt of a WEBToN-millivoltmeter, on which the 
strength of Lhe current is directly read to within 1ho ampère, an 
accuracy quite sufficient for this case. 

The apparatus described in § 3 is .placedwithin this coil (inner 
diameter 14 cm.), and' can be protected against the radiation of 
heat by means of a layer of wool or a water-circulation. , 

5. The optical arrangements also resem bIe in the main those 
former1y used for t4e investigation with gases. Here also the light 
of an arc-lamp, or of thesun passes 'successively tlll~ough the colli
má~or; the polariser, the experimental-tube, the, analyser, the p1'ism 
and the telescope. The rotations of the analyscr can be measnred 
bya di vided ci1'cle 1 on ""hich minutes eau be read I aud the 
adjustments are made by turning,.this analyser until the dark banel 
in, the spectrum has arrived at the desired place. , , 

Whenwe use the arc-light' the spectrum 'is calibrated, by causing 
theligÎü' of amercury arc-lamp, following ARONS-LU!lIMER, to faU 
onto the collimator. By, means of the spectral 1ines of this source 
of lightand of the dispersion-curve of the prism determined with the 
aid of sun-light the telescope can al ways be a~iusted fo.!' a definite 
wave-Iength. 

6. Of' all the observations with liquefied gases those with liquid 
methyl chloride offer the least difficulties. The following prelimina:ry 
measurements are made with liquid, methyl chloride purified by 
repeated distillation, under atmospheric pressure at _23°. From 
these measurements it can be shown that the dispersion is about 
the same as for most g'ases (comp. the curves and tables in the 
Proceedings Dec. ] 898), as will appear from the following numbers. 

I) Camp. Proc. Roy. Acad. Amsterdam, Dec. 18\18, fig. 1: 
~) Camp; loc. cit, ng. 1. T. 

, . 
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In this table rn/(rJD stands for the proportion of the rotation to that. 
for sodium 1ight. 

À (IJ)/ IJ)]») OHaCl (tJJ/ IJ) D) gllses 

0.631 0.90 0.S7 

0.546 1.17 1.17 

0.480 1 5S 1.53 

0.449 1.76 1. 76 

0.485 UlO 1.90 

Chemistry. - "A new met/wd for t!te ereact determination of lhe 
Boiling-point". By Dr. A. S:MITS (Commllnicated by Prof. 
H. W. BAKHUIS ROOZEBOO:M). 

(Will be published in the Proceedings of the next mE'eting). 

Chemistry. - "Thermodynamics of Standm'd GeUs" (2nd part). By 
Dr. ERNST COHEN (COlnmunicated by l>rof. H. W. BAKHUIS 
ROOZEBOO:M). 

(Will be published in the Proceedings of the next meeting). 

Chemistry. - "On the Enantioi1'opy of Tin" (V). By Dr. ERNs'r 
COHEN (Communicated hy Prof. ,H. W. BAKHUIS ROOZEBOOM). 

(Will be published in the Proceedings of thc next meeting.) 

Chemistry. - "The fOl'mation of mixture-crystals of Thallium
nitrate and ThaUiumiod~·de". By Dr. C. VAN EYK (Commu
nicated by Prof. H. W. BAKHUIS ROOZEBOOM). 

(Will be published in tbe Proceedings of the next meeting.) 

(June 30, 1900.) 
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p. 177. - "On tbe system: Bi203-N~05-II.O". By PLOf. J. M. VAN BEMlIIELEN, 
p. 196. - Prof. A. P. N. FltANCIIUIONT plescnts the difscrtation of Dl'. L. VAN 
SCIIEUPIINZEEL: "The action 01 hydLOgen nitratll (reul nitl'Ïc acid) on the tbree toluic 
acids and Borne of thcir derivati vcs", p. 203. - "Thermodynamics of StRndltrd 
Cclls" (3rd Part). By Dr. l~nNsT COllEN (Communicnted by H. W. BAKllUIS 
UOOZEBOOM), p. 208. - "Thc mctnstnbility of tbc Weston-cadmiumccll Rnd its 
insuitability as standRrd of elcctromotil'e force". l3y Dr. EltNST COIII~N (Commu
Dlcatcd by Pl'Of, H. W. BAltllms lloozrmoo~I), p. 217. 

The following. paper~ were read: 
6 

.Proceedings Royal Acad. Amsterdam. Vol. lIl. 
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Physiology. - "On tlte resisting power of tlee red blood. cor~ 
puscles". By Dr; H. J. HÀMBURGER. 

(Read March 31, 1900). 

Since DUNc.À.N 1) had in 1867 caUed attention to the fact that in 
chlorosis the red bloodcorpuscles lose colouring matter in a solution 
of salt, in which this does not take place under normal cir0um-, 
stances, MALAssEZ 2) as a consequeuce of his study on thecoun ting 

, of the red bloodcorpuscles determined the so-called resistance of thes~ " 
celIs, by mixing blood with a strongly diluted salt-solution .and by 
examining at regular interva]s bow -many bloodcorpuscles were 'left. 
The souner the bloodcorpuscles were destroyed, the less the resistance. 

Later on determinations ,of resistance were gi ven by CHANEL 8) eq uaUy 
by counting, although in a different way. Both methods are rarely 
cited even in ]'rench Iiterature and still less put into practice. rrhis 
is also the case, with reference to the method qf LANDOIS, LA.KEN 

and also of others, who determined the' power of resistance in regard 
to electric discharges, desiccationand other itifluences. , 

A more favourable reception was accorded. to a, method of in
vestigation, originally on1y intend~d for the,study of the Iaws of 
iilotony in' the bloodcorpuscles 4) but' whichwas, first applieà in 
1890 by VON LIMBECK 5) to investigate the resistance of the blood
corpuscles during disease.' Itconsists in the determination of the 
particular Na Cl-solution, in which, the first bloodcorpusCles are about 
to lose colouring matter. If this happens for instanee in a Na Cl
solution of 50 pCt., then' 0.50 pCt. is caUed "the resisting power 
of the 'least resistant bloodco!puscles". ' . 

If the dilution of the salt·solution is continued, a cel'tain number 
of the more resistant bJoodcórpusclesalso, losetheir col ou red con
tents,' alld finally all the bloodcells, even the most resistant,. hare 
lost these. In a salt-solution, somewhat stronger thanthe' last'-one 
mentioned: the most resistant ean thus still exist .. It is this salt
solution which then represents tbe "maximum resistance" (Mosso 6), 

1) DUNOAN, Sitzungsber. d.Wiener Akud. d. Wissènscb; 11 April 1867. 
, 2) MALASSEZ, Mém. de la Soc. de Biol. 1873, p. 134; Compt. rende de In Soc. de 

Biol. 1895; p. 2. .' " , . , 
3) CHANEL, Sur la résistnnce des globules rouges. Thèse. Lyon 1886. 
,) HAMBURGER, Kon. Aknd. v. Wetenseh. Proces-Verbaal der Zitting vnn29 Dec. 

,188'3. Archiv. f. (Annt. u) Physiol. 1886. 
6) VON LIMBEOK, Prager mede Wochensch. 1890; No. 28 u. 29. 
G) A. Mosso, Mchives Ittlliennes de Biol. 1887. T. VIII, p. ,257. 
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VIOr,A i)). Witb· the, methods here mentioned (HAMBURGER-Mosso

VIOLA) a relativflly large· nuniber of resistance-determinations have 
been made, but whether they have increased our knowledge of the 
physiological' and pathologicàl conditions,to' tbe study of whicb 
they were applied, is very doubtfut 

'. Ti>. a cerbin extent anexception' migbt . be made for cyanosis 
and feverish conditions. Thc observation that incyano~is "decrease 
of resistance" is observed "can at lcast be referred to tbe fact, that 
the ~ame is seen in bloodcorpuscles treated with C02 2), and for 
this last symptom. we have a· good explanation 3). 

That the rcsistance must diminish in feverisb conditions is evident 
w:ben it is taken into consideration that in fever the .proportion of. 
alkali in the serum is lowered, which decrease also involves that 
the bloodcorpusc1es belongingtoit already begin to loso colouring 
matter in. a higller cOllcentration of salt than thoso' wbich have 
sojourned ,in. normal . serum 4) .. 

. The reason wby the resistance-determinatioijs referred. t~, .have 
thus far had little success may' be sought. in the circumstance that 
it was not 'duIy taken into account. ",hat' was indeeu obtained by 
determination of the rcsistance, and what was thc, physiological 
meaningto be attached to it. Even in 1895 one could read in tbe " 
conclusions of the dissertation of URCELAY: "Sur la résistance' de 
globules' rouges",Thèsede Paris: "La cause de la résistance des 
globules rouges Dons est inconnue", and this at a time, when most 
of the resistance-detèrminations .. thus far known had been. performed 
and URCELAY had contributed some bimself: .. 

As regards.myself,' I never felt·.induced to use my method of 
investigation' otherwise tban for more circumscribed aims, and on 
purposè I ~ave thuE! far avoided to use the in casu unfit word 
"resistance" wben colouring matter disappeared under. thc influence 
of certain sa1t~solutions and other mixtures . 
. Being invited' to read à paper on this subject in the International 

Medical Congress to be held in Paris next. August,' I find a wel
come opportunity to study the question at the present time, the 

1) VIOLA, Gazette degli Osp~dali lS9.J., p. 115 j Archives de Physiol. et de l'athol. 
générale 1895, p •. 37. ." . 

2) HAMBURGER, Versi. en Meded. Kon. Akud. v. Wet. 3e Reeks. 'Vol. IX. 1891, 
p. 197. Zeitscbr. f. Biol. B. 28. l$!)2,S. 105. 

U) HAMBURGER, Zittingsverslug Kali. Akad. v. Wet. 28 NOl'., 1896; 24 Febr. 1897 • 
Zeitschr. f. Biol. 1897. S. 252... .. . 

4) HAMBURGER,' Versl. en' Med('(l. Kon. Aknd. v. Wet. 3eReeks. ·Vol. IX, 1892, 
p.'S54; ArcllÎv f. (Anat. u.)Physiol. 1892, p. 51S. 

6* 
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more so because this affords I a means of eontrolling the investigations 
lately made on the volume-determination of tbe protoplasmie retic-
ulum of the bloodcorpuscles. -

1 sha11 try to analyse thc term "resistanee" of the bloodcorpuscles 
in l'egard to salt-solutions and must in the first pI ace inquire whieh I 

are the factors on whieh depends the loss of eolouring matter in 
the bloodeorpusc1es by means of salt-solutions. My partieular view is, 
that the bloodeorpuscle consists of a protoplflsmatie reticulum, the 
inierstiees or meshes of whieh, elosea or unelosell, eontain the intra
globular Hquid; it is this liquid whieh solely represçnts the power 
of the eeU to attract water; - the protoplasmatic retieulum has no 
share in this. 

If one now imagines a bloodeelI being immersed in a hypisotonie 
solution, then only the eontents of the meshes will swell. Tbe 
amount of this' swelling will be more eonsiderable in a eertain 
llypisotonie solution, the greater the amount of the os motie pressure of 
the intraeellular liquid and also the greater the quantity of tha intra
eellular liquid in a given eeU-volume. 

TM m01'e considerable the increa.se in volume is, which the intra
celltela1' liqzeid can be made ta ztndergo without colouring-malter being 
extruded from the protoplasmatic network, the more resistant tke pro
toplasm may be considered to he. 

r:raking these matters into eonsideration, we eonelude that whell 
different salt-solutions are allowed ta act upon the red bloodeorpuscles, 
three or perlwps two forms of reoistance eome forward. 

1. The 1'esistance of the bloodcorpuscle against loss of colouring 
matter, undel' the influence of diluted solutions. 

It is this form of resistanee, whieb has been determi.nen. until 
now. It is of a eomplieated nature. 

2. 'l'he relative 1'esistance of tlte pl'otoplasm against tlze extrusian 
of colouring matter during expansion. 

3. Tlle absolute resistance of tlte protoplasm against ext1'Ztsion of 
coloul'ing matter during expansion. 

Ad I. Resistance of the bloodc01']Juscle against loss af colourillg 
matter in diluted sa lt· solutions. 

As it was observed above, it is this form of resistanee which bas 
hithel'to been lIetermined by the so-called method of the bloodcorpuscles, 

To salt-solutions of gl'adually diminishing cpnct'ntration a few 
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drops of the same blood are ad(led ancl it will be ohserved that in 
a Na-Cl-solution of 0.49 pCt. some eolonring matter has been 
extruded, whieh is not the case in a Na Cl-solution of 0.50 pCt. 
This is eaUed the minimum resistanee. It would be more correct 

. 1 1 1 't " 1 anyhow to express lt )y 0.50' as t le resis anee IS mverse y pro-

portional to the limit of eoneentration referred to; therefore in general 

Rb(loodcorpuscles) = ~ j in whieh C represellts the limit of eoneentra

tion, in whieh the first bloodeorpuseles are about to lose eolouring 
matter. With regard to th(\ applieation of this method we take the 
liberty to propose a modifieation. It seems to us to be recommend
abIe, also in eonnexion with the determination of the other forms 
of resistanee to perform the determinations in small funnelsbaped 
tubes of whieh the eapillary part is calibrated and elosed with a 
little ebony stop. They have the ~ame shape as described formerlyl), 
but in view of their being used for human blood they are smaller. 
With a eapillary pipet te a determined quantity of defibrinated or 
oxalate blood is measured for the different tuoes ",hieh eontain an equal 
volume of the different salt-solutions and the mixtures allowed to 
stand for half an hour j they are then centrifugalized. Aftel' aquarter 
of an hour's moderate rota tory veloeity the bloodeorpuscles have 
aJready subsided and it ean be seen by eomparison whel'e eolouring 
matter begins to extrude and ",here not. This way of experimenting 
has a threefold advantage. 

1. As the relative quantity of bloou and salt-solution has been 
fixed and also the shape alld meaSUIes of the little funnel-tubes are 
equa!, we can eompare the l'esults of different investigators better 
than eould ~e done hitherto and uniformity is thus enl1aneec1. 

2. As tJle fuIl subsidenee need not be waited for, the time for 
the determination of the resistanee wiJl be shortened. 

3. Those tubes of whieh it is desiraLle, ean fUl'ther be uaed 
for the detel'mination of both the other forms of resistance; but 
later on more of this. 

To find the maximum-resistanr.e the same method is followed as 
for the minimum resistance: the salt-solution is deterrnined, whieh, 
mixed with the blood, givos a perfectly pure tl'allSparent liquid. 
The solution, whieh yet retains a traee of opacity il:l the sought 
for e'g. 

1) Verslng Kon. Akad. v. Wetenseh • .21 April, 1891. 
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fr h ' 1 he maximum-resistaneo is t on Rb = - . 
C' 9 -

The average resistance i (Rb + R'b) = 2-. (~ + 2..), whereas we 
2 Cl C'I 

shall eaU the difference R'b - Rb = _1_ - ~ : resistance -broadth. 
C'I Cl , 

The determination of this value seems important to me. 
lt ought to be kept in mind: ho wever, that quantities of a com

plicated nature are here determined, whieh it ean however be im
portant to be aequaintccl with)n eertain circumstances. 

Ad. 2. Helati ve resistance of the protoplasm Rpr' 

It is measured by the proportion of the volume VI whieh the 
intraglobular liquid may attain in maximo befare it is exuded by 
the protoplasm, as compared to the volume (Vn), whieh it possesses 
in norma} eonditions. 

This proportion V:-g can be found by means of three methods. vn 

Metltod a. 
This method consists in atternpting to determine the limit

concentration of the Na CJ-solution, in which the bloodcorpuscle 
swells at its maximum (Cg), and is thus about to lose its colouring 
matter, and aIso the concentration of the Na Cl-solution, in which 
its volume remains uncllanged, that is: a NaCl-solution en , isotonic 
with the serum. As the attraction exercised hy the intracellular 
liquid towards water, agreos with that of its environment under 

d'Ir t ' VI, en I I h d' llieren cucumstances, so - IS = -c ,at east w len t e lSSO-
Vn I 

ciation of the contents of the bloodcorpuscles and the surrounding 
Na Cl-solution are left out of consideration 1), 

For tho determination of en the fl'eezing-puint-method can be 
used, or if only very little blood is available the method of GRIJNS

EYKMAN 2). 
Method b. 

Aceording to this method the quantity of water is detcrmined 
with whieh the respective blood-serum caD be diluted, without the 

1) Ihis is permissible here, as will be eXplained elsewhere. Here ihis explnnntion 
would lead us too faro 

2) C. EYKMAN, Annual report of the Luhoratory fer PatllOleg. Anat, anu Bacteriel. 
at Weltevl'eden for the yenr 1894. 
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blood losing any colouring matter. Let x be tho percentage of the 
vp 100 + ol! 

water added, then - = ----. 
Vn 100 

The quantity of serum required can be considerably limitecl, by centrifu. 
galizing each time lllood has been added to the diluted serum and after 
having waited for half an hour. Wh en by this time the reel colour has 
not yet uppeal'ed a known qunntity of water is dropped into this serum, 
it is mixed with the serum, and the serum thus cliluted is brought jnto 
close contact with the underlying bloodcorpuscles. This is repeatecl until 
colouring matter is se en to be extruded. At the utmost 8 cc. of blood 
is needed for this method. 

Method c. 

According to a method formerly indicuted by me, the volume of 
the protoplasmatic reticulum of a given quantity of bloodcorpuscles 
is first determined 1). Let this be n. If further tbe volume of tho 
bloodcorpuscles in their own aeru!ll be Vn , then tbe volume of tbe 
intra-globular liquid in the normal condition is Vn-n and in the 
condition of maximum swelling Vl-n-, and therefore the relative 

. Vl-n 
reslstance Rpr = -v. . 

n-n 

With this mothod c the ave1'age relati ve rcsistance of the proto~ 
plasm is immediately fixed, tho threo valuos of Vg , Vn and n having 
referellce to all bloodcorpuscles togother. ' 

Fol' the two other methods mentioned sub 2 ihe resistance must, 
be fixed separately, fol' the least rcsistant and for the most resistaut. 

If for method a the Na Cl-cûncentration, in whieh the most resistant 
bloodcorpuscles are about to lose tbe coloUl'ing matter, be C'l , th en 

the maximum rcsistance is R'pr = C,n, and the average 
Cl 

I 1 ( CII Cn ) 
i (Rpr + R pr) = 2" C'l + G'L ~ 

lf for methad b, :r' be tho percentage of water that must be addeel 
in order to extract colouring matter even from the most resistant 

100 +a" 
bloodcorpuscles, then R'pr= 100-' 

'fhe average resistance will then be: 

. 1 (JOO + ft 100 + .1'1) 1 (200 +.1' + :rl) 
!(R"r + RpI) = "2 100 + 100 ="2 1UO • 

1) Reports of the Roy Acad. of Sciences. Amsterdnm Mny 28. 1898. 
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Tlte "elative 1'esistance breadth of tlte P1'otoplasm we Îndicate hy 
R'pr- Rp1' 

(fhis valuc seems important from a pllysiological and pathological 
point of view. 

Ad. 3. Absolute ,'esistance of tlze pl'otoplasm a[lainst the extrusion 
of Cololwing matter dzwing expansion Rpa. 

Superficially it might be supposed that the relation of the intra
cellular contents of the bloodcorpuscles in the condition of maximal 
s'" elling and in tbe normal co:gdition, expresses the degree ofresist
ance in an absolute SE'nse. ThlS however is not the case. Imagine 
two bloodcul'puseles of equal size in their own serum, both have 
intraglobular contents of equal osmotic pressure, but the volume of 
tne illtraglobular liquid is greater in the first bloodcorpuscle th&.n in 
the second. If it is proved that, nevel theless, both bloodcorpuscles 
10se colouring matter in the same saltsolutioll (Cl), in which case 
the osmotic prellsure of the intraglobular contents must necessarily 
be equa!, then the conclusion is inevitable that thc protoplasm of 
the first bloodcorpuscle is more resistant than that of the second, 
for the absolute increase of volume of the first bloodcorpuscle was 
more considerable tllan of the second, With equal en and' Cl it is 
therefore not necessary tbat the resistance should be equal. In order 
to be able to compare tbE' absolute resistance of tbe protop1asm of 

two bloodcorpuscles, the quotient ~;, wllÏch was thel'efore called rela

tive resistance, must be multiplied by a factor which expresses the 
percentage of the volume of the intraglobular liquid, a factor which 
we cal cu late from 'Jr. 

As we do not know whether this factor may be uaeu separately with 
the minimum-resistance, or with the maximum-resistance uecause 
we do not know ",hether the relative volume of the protoplasmatic 
reticulum is the same in all blooucorpuscles of the same blood, it 
is undoubledly safer to use the factor only wbere it is in all cases 
applicable, viz. with the average resistance. 

Tbus in this third metbod the average absolute resistance of the 
protoplasm against the transmissiol1 of colouring matter when expauded 

Vl-n- • 
is determined, so tbat Bpa =f -- (of method 2a). 

Vn-n-
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SIMULTANEOUS DETERMINATION OF THE TH REE FORMS OF RESISTANCF.!. 

Suppose the three forms of resistanee have to be determined during 
an illness and little blood is thus at our disposal. 1 cc. of blood is 
taken, defibrinated and strained or made to flow in 0.2 cc. sodium
oxalate of 1.5 pCt. Of this blood equal quantities (measul'ed with a 
capi11ary pipette) ar~ transferl'ed to litHe funnel.tubes, which contain 
NaCI-soJution of 0.30, 0.32, 0.34, 0.36, 0.38, 0.40, 0.42,0.44,0.46 
0.48, 0.50, 0.52, 0.54, 0.56 pCt. 1). 

These liquids are mixed, allowed to stand for ba]f an hour anel 
tben centrifugalized. Af ter this it is determined in whieh tube 
colouring begins to show itself. The tube following upon this 
containing a more concentrated liquid, represents Cl. By determining 
where the mixture has become transparent, the maximum-resistanee 

C'l is found. Thus Rb = C~ and, R'b = C\ (Method 1). 

Now five tubes are prepared with equal quantities of blood. 

Tube (1), undiluted defibrinated blood. 

" (2) 
" (3) 
" (4) 
" (5) 

" 
(6) 

blood + Na Cl 0.9 pCt. I to investigate in wllÏclt Na Cl-so-
" + " 0.88" lution the volume of the bloClucor-
" + " 0.86" puscles becomes hke th at in tube (1). 

" + the Na CI-solution just found, viz. the limit 
so]ution Cl in which the bloodeorpuscles are on 
the point of emitting colouring matter. 

" + Na Cl 1.5 pCt., also for the determination ofthe 
protoplasmatic reiieulum. 

The whole mass is centrifugalized to a constant volume. 

We can now calculate thc relative resistance ~; by tlividing the 

concentration of the Na Cl-solution (2), (3) or (4) by that of the 
Na CI·so]ution (5) (Method 2a), or also by caIcuIating the proto
plasmatic reticulum 'H from the Na CI-solution (2), (3) or (4) and 
the NaCI-solution (6). Tube (1) g'ives Vn, tube (5) gives Vg, Il.lld 

Vl-'H 
therefore relative resistance Rpr is also = -v, (Method 2c). 

n-'H 

All tbe values are now also known for the caiculation of the ab-

1) If 80 ronny tubes are not to hnnd, thr same could preliminnrily be performed 
hy increasing with 0.4 pCt. Na Cl nnd seeking wherenbout the Hmits lie for 
minimum- nnd mnximumresistance nnd then fix tbese more I\ccurately later on. 
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solute resistance, of which only the average can be determÎllf'd. It is 
Vn-n 

100 Rpr -- (Method 3). 
Vn 

If there is reason to believe, in comparing' the resistance of two 
samples of blood, that under llormal circumstallces the volume of the 
protoplasmatic l'eticulum, or, what comes to tlte same, of the intra
eellular liquid, does not diffcr, then the deteJminations become sim
pIer and tho results of 2a, 2b or 2c may prove to be Aufficient. 
If mOl'cover the osmotic pressure of Illc serum is the same, then 
the fiJ'st method suffices. 

Chemistry. - "The belwviOltr of mixtures of mercU1'ic iodide and 
siltler iodide". By Prof. H. W. BAKHUIS ROOZEBOOM. 

(Read May 26, 1900.) 

Thc double iodide Hg' 12 2 A.g I is known as one of thc fillest 
examples of a soEd substance which undergoes a change at a defi
nite temperature, because this substance changes, when heated to 
45.°, from thc pure yellow to orange red. 

There was, how over, a .difference of opinion as to thc ohange 
which takes place here; some attributed it to the change of the 
compound itself into another modification; othors thoug'ht that, at 
45° it broke up into the two component iodides. 

At ruy request Dr. STEGER has made a further investigation of 
the matter and has co me to the conclusion thnt the two iodides 
mixed in varying proportîons and at different temperatm'es are of 
a veJ'y varying nature. If we sturt from fused mixtures, it appears 
firstly th at the melting point of Hg 12 is lowercd from 257 0 to 
242 0 by an admixture of 14 mol. pCt. of Ag I. On thc otller hand 
the melting point of Ag' I is lowered from 5260 to 242° by an 
admixture of 86 mol. pCt. of Hg12 • 

By means of an accurate detcrmination of the tcmperature-interval 
\ in which soIidification of a certain mixture takes place, it may be 
found out what happens during the solidification. To do this with 
accuracy, 3. bath was used of melted NaNOs + K};Os which waS 
stirred and which by judicious heating enabled us to maintnin .any 
constant temperature between 200°-500°, or to slowIy vary it. 
The course of solidification of tbe different mixtures shows that two 
kinds of mixed cJ'ystaIs are formed j on the lIg 12 side with 0-4 
mol. pCt. of Ag I, on the other side with 18-100 pCt. of Ag I. 
The first series bas the type of the rhombic Hg I2' the other 
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that of the regular Ag I which exist from their melting points 
down to 127° and 147° respectively. 

Af ter the solidification, th ere is therefore a hiatus in the mixing-
series from 4 to 18 pCt. All intermediate mixtures con sist, tb ere

I fore, after solidifying of a conglomerate of the two limiting mixed 
erystals. Those of 4 pCt. undergo a change near 127° beeause the 
Hg 12 changes from the rhombic into tbe tetragonal form. The 
mixed crystals of 18 pCt. or more of Ag I behave in a more 
remarkable way. Firstly, on cooling below 157° tbe mixed crystals 
having the compositioJl Hg I2 2 Ag I are suddenly cbangcd illtO a 
compound of the same composition which is accompanied bya change 
in colour from pink to red. 

This point of 157° is perfectly comparable with the solidifying 
point of a chemica} compound deposited from a liquid mixture. But 
the analogy goes further. If a chemical com bination can deposit 
from a liquid solution of the same composition, it, can also do so 
from solutions whose compositions de~iate in both directions, and 
the depositioJl then takes place at temperatures which are situated 
below the solidifying point of the liquid of tbe same composition. 
This also happens here. From mixed crystals which contain less 
Ag I, tbe formation of the compound Hg I2 2 Ag I oecurs at tem
peratures which fall from 157°-118°; from those containing more 
AgI at temperatures from 157°_135°. 

A further fall is impossible beeause at 118° and 135° two points 
appeal', which present a perfect analogy with the eutectie points 
which are encountered whcn mixtures of liquids, which deposit only 
a single chemical compound, solidify. J ust as in sueh points, the 
remaining liquid totally solidifies to a conglomerate of the com
pound with one or the other of its component!:!, the remaining mixed 
erystals in this case form a conglomerate of the compound Hg I2 2 Ag I 
with either Hg 12 or Ag 1. 

In the case of liquid solutions the situation of the eutectic point 
is determined by the intersection of the line for the compound with 
that of the one or the other component. 

The last mentioned linos then run as far as the melting points 
of the components. 

Instead of these "e have here the transition temperatures of Bg 12 
(127°) and Ag 1 (157°). 'I'he line for the tnmsformation of mixed 
crystals into compound, therefore, meets on both sides: 

1. The Hne for the transformation of regular Ag I into the 
hexagonal fOI'm, which is 10weJ'ed by admixture of Hg I2 from 
147°-135°, the junction takes place here at 90 mol. pCt. of ·AgI. 
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2. The line for the transformation of HgI2 rhombic into tbe tetra
gonal form, which is lowered by admixture of Ag I from 127°-118°. 
This last line is, however, broken oif because the mixing is not 
continual from 4-10 pOt. The exact composition of the mixed 
crystals at the eutectic point on this side is not yet known. 

Below 118° alld J 135° all solidified mixtures are tberefore trans
fOImed either into conglomeratps of double salt with_ Hg 12 or 
with Ag I. Whether a smal! admixture of the other iodide in both 
iodides is possible is not yet quite certain. 

When those conglomerates, on further cooling, arrive at 45°, 
tbe compound changes into another condition (from red to yelIow), 
whether it is pure or mixed with Hg T,2 or Ag 1. 

In agreement with this view it was found that the temperature 
at w hich this change took place was quite independent of the total 
amount of both iodides. 

The most important result of the research is not however the 
correct interpretation of the last mentioned change which it affords, 
but the transformations which the mixed crystals, whieh are formed 
on solidifying, undergo between 157° and 118°. 

We have here the second instanee of mixed crystals changing 
info a chemica1 compound, the firat instance having been observed 
by ADRIANI in the ease of raeemic campheroxim. Wc have, howevcr, 
here tbe first instance of that change being connected with the 
chang9 of bath the components, which gives rise to a complete 
analogy with generally known phenomena of liquid solutions. 

The discovery is particularly important because it concerns a 
connection between phenomena whieb 1 fancy 1I1so arise during 
the formation of mixed crystals from iron and carbon, but could 
not thus far be ascertained with certainty on account of the very 
high temperatures at which these changes occur. 

Chemistry. -- «A Ilew method for t/te e:cact detel'mination of fhe 

Boiling-point". By Dr. A. SMITS (Communicated by Prof. 

H. W. BAKHUIS ROOZEBOO~I). 

(Rend Mny 26, 1900). 

Some time ago I described a very delicate method for the deter
mination of the increase of the boiling point, in which the boiling 
took place in a silver apparatus the pressure being maintained con
stant. In many cases it is however an advantage to be able to 
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use g]ass apparatus as we may then contiuually observe what is 
takillg plaC'e. 

I have, therefore, tried onee more to satisfy the conditions required 
to obtain trustworthy results with a glass boiling vessel. The first 
condition is the removal of the danger of superheating and tbe 
second the prevention of perceptible radiation. 

The easiest device for boiling a solvent or a solution without 
danger of superheating is undoubtodly to pass the solvent in the 
form of "apour through tne solvent or the solution instead of heating 
directly with a Hame. 

This method has already been applied by LANDSBERGER 1) to the 
determination of molecular weights. I have mentioned, previously, 
tbat I bad already applied this metbod, but tbat tbe accuracy of 
tbe results was not satisfactol'Y. .As I noticed that one of the reasons 
of the less satisfactory results was a perceptible radiatioD of heat 
from the boiling liquid) I have had a piece of apparatus constructed 
by meallS of which this radiation can be reduced to a minimum 
in the simplest manner. 

Description of the Apparattl,s . 
.A is the boiling vesse], 180 m. m. 

long and 30 m. m. wide which is 
furnished at the bottom with a nar-

A row. tube a about 3 m.m. which is 
bent upwards and at the top with a 
wider side-tube b. This boiling-vessel 
is placed in a Hask B with a long 
neck about 50 m.m. wide. The neck 
of this flask is furnished abo\"e with 
a side-tube O. The boiling vessel .A 
may be fitted airtight into the ne ck 
of the Hask B by means of a perfo
rated cork cut in two hal ves. 

Aftel' the Hask B has been partially 
filled with water the boiling vessel A 
is fiUed with about 25 gr. of water alld 
fitted airtight into the flask B by 

.B means of two half corks. The appa
ratus is now placed on a piece of cop
per-g-auze and heated by means of an 
.Argand-burner. The side tube Oremains 

Fig. 1. open until the water boils. Wh en it -----
1) Zeitscltr. f. Ilnorg. Chem. 17 422 1889. 
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is closed, the water-vapour escapes tbrough the tube a and af ter 
havtng passed through the water in the boiling vessel it leaves tbe 
apparatus through tbe tube b. So long as the temperature of the 
water in the boiling vessel lies below the boiling temperature, a per
ceptible rondensation of water vapour will take place whicb con tin
ually dccreascs until thc water in the vessel A also boils. After 
1 or 2 minuies, tbc water has reacbed a constant boiling point. 
Neitber a reinfofcement of the currcnt of water Yapour, nor a dis
placement of the theJ mometer has now any influcllce on the indi
cation of the thermometer pro!ided astrong current of vapour pas
ses throllgh the boiling liquid. From tbe latter it, thcrefore, appears 
that the mixing in this case ncutralizes tbe difference in temperature 
of the different aqueous layers. 

The result was somewhat different when I experimented with a 
solution. I noticed in tbis case that the indication of tbe thermo
meter was affccted by an incrcase or decrcase of the current of 
water vapou)'. The p<,culiar thing was that the stronger the current 
of water vapour beoame, the 10WN the indication of the thermometer. 
It struck me that ihis phenomcnon must be cxplained as follows: 

Water vapour may heat a soIution, the boiling point of wbich lies 
above 100°, to its hoiling point in cOllsequence of the latent heat 
of evaporation set frcc during the condrnsation of the water vapour ; 
as however the vapour bubb!cs have the tcmpeJ'ature of 100°, these 
wlten in contact with the thermometer will tend to cool it to 100°. 
The more water vapour comcs in contact with the thermometer, 
the greater wiJl be the ('Doling and tbis is the very thing I 
observcd. 

To eliminate this error I introducod into the boiling vessel a 
cylinder of platinum gauze whicb was closed below. The diameter 
of this platinum gauze tube was rather IE'tlS than that of tbc boiling 
vessel in order to render the passage of the current an easy one. 
The height of this platinum gauze tube amounted to about 5 c. m. 
so that tbe mercury reservoir of the thermometer was completely 
surrounded by it. 

This arrangement produced tbe desired result; it was nowa mat
ter of complete indifference whether the current passed slowly or 
rapidly through the solution. The thermometer placed iÎl the solu
tion elid not seem to be affected thereby. The mixing was now also 
complete as no difference in temperaiure could be noticed when the 
thermometer was displaced. 

Whilst nothing special is noticed in determining the boilillg point 
of water, and the duration of the experiment has no infiuence on 



- 95 -

( 89 ) 

the reading of the thermompter, this is not the case with so1utions, 
because the concentration is continually changing owing to the con
densation which takes place. 

1'he largest quantity of watcr-vapour is condensed in unit time 
during the heating to the boiling temperaturc. Dnce the boiling tcm
perature is reached, the cOfJdensation is at its lowest; and amounts 
to so little in the apparatus .lust described that the boiling point 
remains constant within 0.001 0 for about 3 minutes. The effects 
of the ililution then berome perceptible and the boiling point slowly 
falls as is apparent from the graphical representation. 

It is clear th at the conccntration of the liquid at the time when 

o 
1,490 

" 

I 

-

123~5618910 
TIme in minutes. 

FIg. 2 

the boiling point bas been 
constant for the half of 3 
minutes, or one minute and 
a half, is nearest the con
centration which corresponds 
to the recorded maximum 
temperature. 

Aftel' the temperature lias 
thereforo remained constant 
for 11/ 2 minute, the exper
iment must be stopped and 
thc concentration deter

mined. As each experimènt 
only takes a few minutes, 
the I1lanostat need not be 

used in these observations. If two of thc apparatus described are 
employed, and water is boiled in one of them, the slight error 
which might be caused by smaIl variations in the atmospheric pres
sure during the short duration of the experiment may be eliminated. 
Jf the highest attainable accuracy is not desired, a single apparatus 
is sufficient, but then it is necessary to determine the boiling point 
of the pure solvent before taking in lland a fresh solution. 

When the boiling point of the water (solvent) has been read off, 
the side tube a is opened and af ter the thermometer has been taken 
out of the bath, a weighed quantity of the substance is introduced 
into the boiling vessel. Af ter putting back the thermometer, the 
Haak B is heated and tbe side tube C is closed when hoiling has 
set in. When the maximum boiling temperature of the liquid has 
been read oW, the side tube 0 is quickly opened, the tube B is 
closed with an india-rubber cork, the boiling vessel is taken out of 
the flaek and aftel' a slight cooling it is attached with its thermo. 
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meter to a balance showing accurately 0.01 gram and then weighed. 
No vapour can escape during the ('ooling as air bubbles are con
stantly entering from outside through the tube A. Af ter evel'y ad
dition the same manipulation is performed. 

If the boiling vessel and thermometer has been weighed when 
empty, the concentrations of the different solutions will be known. 

I have determined the increase in boiling points of solutions of 
NaOi using a single apparatus and conseguently working under the 
least favourable conditions and ha\'e found the following. 

1 
Conoentration. 

0,0617 

0,1277 

0,5590 

1,1180 

Na Cl. 

Inorease 

of Boiling point. 

0,065 

0,119 

0,520 

],122 

~oleoular Jnorease 

of Boiling point. 

]0,5 2 

9,40 1,81 

9,30 1,79 

10,04. 1,931 

From this table it follows that tbe accuracy which may be obtained 
with a single boiling apparatus is great enough to demonstrate the 
pecuIiar progressive change of tbe molecular elevation of boiling 
point and of i with solution of Na Ol. Tbe minimum of i lies here 
also between 0.1 and 0.5 gram molecule as was found with tbe 
sil\'er boiling apparatus. As I bave al ready stated, the accuracy is 
greater when two boiling vessels are used, one of which is always 
filled with water so as to eliminate the error caused by small changes 
in the atmospheric pressure. 

It appears to me that wben used in this manner, tbe apparatus 
gives more aC'curate results than that of BECKM..A.NN which moreover 
has the disadvantage of being very complicated. 

The new apparatus wil! be very suitable for collecting data for 
dilute solutions. It is less suited for the determination ofthe molec· 
ula1' weights of substanc€s in non·aqueous solutions because the 
condition of its accurate action is the use of a perfectly pure solvent, 
as this, if impure does not have a constant boiling point when 
coniinuously boiled. 

Af ter I had already made a few preliminary experiments with 
tbe new apparatus, an almost identical arrangement was described 



- 97 -

( 91 ) 

in the IJ, American Ohemical Journal" April 1900 by H. N. Me. GOY. 
The resemblance is striking, thc only differencc is th at the tube a 
through which the vapour passes into the solution has been placed 
by Me. CUY inside the vessel A, whilst in my apparatus it is 
situated outside it. Me. COY, has not ho wever ta,ken the precaution 
to prevent the vapour co ming into contact with the thermometer 
and this, as we have seen, is vcry esst'ntial, if great accuracy is to 
be attained, as only th en the boiling temperature is independent 
of the degree of heatmg of the flask B. 

Amsterdam, University Chem. Lab. May 1900. 

Chemistry. - IJ, Therrnadynamics of Standal'd GeUs" (2nd part). By 
Dr. ERNST COHEN (Comrnunicated by Prof. H. W. BAKHUIS 
ROOZEBOOM). 

(Read May 26, 1900). 

1. In the first paper on this subject 1) I have shown that the 
ideas prevailing on the reactions which take place in the standard 
ceHs are incorrect and ought to be replaced by others. 

With the CLARK-normal ceH, a vel y satisfactory agreement was 
found bet ween the theory and the measurements. 

Before subjecting the existing data of the WEsToN-normal ceH 
to calculation in an analogous way, a culculation which as will 
appeal' later on, is more complicated than for the CLARIe-cell, I 
would likc to fUl ther explain a few points about the latter . 

2. In the theory and in the calculation in the previous paper 
it was assllmed that the cell was built up as follows: 

Hg-Hg'2804 - saturated solutioll of zinci3ulphate - Zn 

VI h;}st for the calcnlati,m measurements made with cells of the 
following construction were used; 

Hg' - Hg2 804 - saturated solution of zinc sulphate - zinc amalgam, 

about which it may be observed that the amalgam was composed 
of 1 part of zinc to 9 parts of mercury 2). 

We may now inquire whethel' such cells may be theoretically 
treated as if the negative pole consisted of pU1'e zinco It has already 

I) Proc. Roy. Acad. Amsterdam. 1900, p,lg. HU. 
~) Comp<lre KAHLL, WrLJ).E~u.NNS AllIMltn. 51 205 (1894-). 

7 
l'roceedings Royal Acad Amblcrdam Vol IJl. 
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been shown by LINDECK 3) in 1888 that zinc and zinc amalgam 
show, towards solution of zinc sulphatc, tbe same potential difference 
when a certain minimum of about 2 per cent of zinc in tbe umalgam 
is exceeded. 

The zinc amalgam used in thc CLARK-cells, therefore, bphaves 
like pure zinco That the presence of mercury exercises no influenee 
is shown, moreover : 

a. from the observations of KAHLE who sbowed that cells con
strueted with an amalgamated zinc rod instead of alO per cent 
amalgam showed an E.M.F. whieh differed by less than 0.2 millivolt 
from that of the amalgam eells; it may be obsel'ved that in these 
cases the amalgamation had taken p1ace but very superficially. 

b. From the commllnications of CALLENDAR and BAUNES 1), who 
haye a1ways worked with an amalgamated zine rod instead of the 
amalgam and have still obtained rcsuHs perfect1y identical with 
those of KAHLE. 

3. In tbe ama1gam-cells, a new link enters into the mechanism, 
because on the passing of 2 X 96540 coulombs, the zine must be 
first absiracted from the ama1gam hefore it ean unitc with 804 to 
Zn804 which then undel'gocs the hydration which has been dlscussed 
in the previous paper. 

That the evolution of heat iuvolved in the abstraction of zinc 
from the ama1gam is of no importance, is showa fl'om the fact that 
the E.M.F. and the temperature coeffirient ale exactly the same for 
the ama1gam eells and fol' t11OSO where a superficially am~ga~ted 
zinc rad is employed 

4. It a ppeared to me of i mportance to lay stress on thc for('going, 
as in contrast to the zinc amalgams, the cadmium amalgams bchave 
quite differently alld this becomes important in the applicatioD of 
my tllC'ory on the WESTON-i'ltandard eells in w]lich the negative 
electrode happens to be fornled by cadmium nmalgam. 

I hope to make more extensive eammunirntions 011 the theol'y of 
these standaros as soon atl I have experimentally detcrmined the 
required data. 

\ 

.il..msterdam, University Chem. L~b. May 1900. 

J) WIED. Arm. 35, 311 (1888). 
4) About the diluted amalgams, compare LINDDCK, 1. C 324. Also HICIIARDS 

and LEWIS, Proc. American Acad. of AJts and Sciences. Vol. XXXIV 87 (Dec. 1898). 
Zeitschrift fûr phys. Chemie 28. I (1899). 

1) Compul'e my first paper. 
2) CompUl'e WIED. Annalen 65, (1898) 926. CROVA, Ann. de ('him. et de physiqne 

(3) 69, 458 (1863) had already found that jf in a DANIlJLL-Cell the !dnc is replnced 
by zinc IIma]gaID, the propertjes of the ceU thereby undergo no chunge. 
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Chemistry. - "On the Enantiotropy of Tin" (V). By Dl'. ERNs'r 
COREN (Communicated by Prof. H. W. BAKHUIS ROOZEBOOM). 

(Rend Mny 26, 1900,) 

1. In the second and third communications on the peculiar conduct 
of tin, mention was made of the veloeities with which the reactions 

white tin -::. grey tin 
and grey tin -::. white tin 

occur at different temperatures. 
Tt was then established that the change of the white modification 

into the grey Olle shows a maximum velocity at about - 48°, whilo 
above the transitiontemperature there was, as might be expectedJ 

no qucstion of the appearance of a maximum. 

I have now studied more in detail thc velocity of change at diffe
rent temperatm'es which has brought to light a number of interesting 
points which I will discuss in this paper. 

2. I had filled a large dilatometer with about klIf a kilo of white 
tin filings which were inoculated with grey tin and in contact with 
a 10 per cent solution of pink-salt in absolute alcohol. This dilato
meter was kept for three months in brine, the temperature of which 
varied from - 4° to - 7°. 

Af ter the lapse of this time smaIl quantities of white tin were 
still observable between tbe grey mass in the dilatometer. I now 
proposed to keep the dilatometer at - 45° until, at th~t temper
ature, no change should take placc in the Ic vel of the liquid in the 
capillal'y tube; I could then Le certain that all the white tin had 
changed into the grey modification. .A. very narrow capillary was 
selected. By wLÏghing out with mercury, the volumt.. of 1 mIJl. in 
lcngth was found to be 0.00037c.111. sa that a displacement of lmm. 
showed the change of 10 milJigl'ams of whiLe tin into tbe gt'ey 
moc1ification if we still accept provisionally 7.3 and 5.8 as the re
spective sp. gr. of those modifications. 

Tn order to maintain the temperature at - 45° for a long time, 
I made use of liqucfied ammonia which may be strongly recom
monded for su eh pUl'poscs. A wide l1l0uthed stoppered battle, holding 
OllC litt'e, was noad} filled with the liq ue!ied gas alld illtl'oduced 
into a somewhat wider battel'y glass, on th€' bottom of which some 
corks were placcd; tbe air sUl'roundillg' the bottIe forms a fil'st-rate 
isolation. The whole was now placed in a box fillecl with brctn. 

The battle was closed by mcans of a trcbly-pel'foratcd cork; one, 
7:1' 
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hole served to admit the dilatometer-capillal'Y, through thc othe r 
passed a thermometer and through the third a glass tube, en ding 
just underneath the corle, the other end of whiJh passed 'through the 
window outside the room. 

When the surrouncling temperature was about 15°0., I only needed 
to add about 50 grams of liquefieel gas every 24 hourd to keep the 
dilatometer quite immersed. It very soon became apparent that the 
rate of change at - 45° was extremely small which seemed to me 
ta contradict the results previously obtained. (Oompare Proc. Roy. 
Acad. Am.~terdam. 1899 102 also Zeitsch1·. (UI' phys. Chemie 30, 616). 
The research in this directión was conscquently undertaken on a 
more extensive scale. 

3. 1'he large dilatometer was opened, the tin was carefully washed 
with dilute hydrochloric acid (tho temperature was continually kept 
lower than the transit ion point), then with alcohol and ether and 
finally dried in vacuo over &ulphuric acid 1). 

4. In order to be able to investigate afresh the velority of the 
change, white tin~grey tin, I filled a dilatometer (A) with 43,9334 
grams of the preparation, the purification of which has just been 
described and in which a certain amount of white tin was still 
present; 1 mmo increase in the caplllary represented a change of 
14 milligrams of white tin into the grey modificatioll . .As measuring 
liquid a 10 per cent solution of pink-salt in absolute alcohol was 
employed. The observations were now ImLde in the following manner: 
to study the velocity at a very low temperature, I first plaeed the 
dilatometer in a bath of melting iee and water, which was vigorously 
stirred by m{'ans of a WlTT'S stirrer connected with a lIEINlum's 
hot air motor, and then re ad off the level of the liquid in the eapil
lary. The dilatometer was th en placed in the cooling bath (solid 
002 and alcohol, liquefied NRa, different cryohydrates) anel left there 
for defillite periode. It was then again put back into the ice-bath 
and the level of the liquid read ofl'. By this method of working we 
become independent of small variations in the temperature of the 
low-temperature bath, which is very necessary, as the dilatometer 
acts also as an extreml:'ly delicate thermometer. 

5. Working in this way, the results with dilatometer .A 'yere: 

1) 'l'he pink-salt was entirely removed in this manner; on shaking with water no 
chlorine reaction could be got with silver nitrate. 
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TA.BLE I. 

Temp. Velocity 
of cballge. 

'fime of observa- I T 
tl011 Jll hours. emp. 

Velocity Time of obserV'a· 
of change. tlO11 In bours. 

0° 14 mmo 2 -45° 04 mmo 65
/ 6 

_45° o 16 mmo 152
3 0° 0.48 mm 162/ 3 

0° 12 mmo 45
/ 6 -15° 0.43 mmo 7 

_15° 3 mmo 21/7 0° 0.45 mm 171/~ 

0° 12 mmo 41/~ -85° 000 mmo 4 

00 5 mm 172/ 3 00 0.50 mmo 172fa 

0° 1 5 mmo 29 0° 031 mmo 471/~ 

0° 05 mmo 101/ 12 0° 021 mmo 47% 

From this we plainly see that the velocity is greatest at 0° whilst 
formerly we have found a maximum velocity at - 48°. On the 
other hand we see once more that at - 85° the velo city is smaller 
than at - 48°. 

6. In order to ascertain whether the presence of pink-salt exel'
cised any influence on the position of the maximum of the velo city 
of change, a certain quantity from the same mass wbich originally 
filled thc dilatometer A was introduced into a dilatometer (B) with 
addition of absolute alcohol but without pink-salt. The following 
resnlts were obtained: 

'rABLE n. 
'l'em pernture. Velocity of cbange. Time of obselvation in hour~. 

-450 1.6 b 

O:l 0.0 11 

-15° 0.36 {j 

0° 0.06 10 

-85° 0.0 3~/s 

-450 0.17 2Otlt~ 

The maximum velocity now lies ne ar - 45°. 
From these results, taken in conneotion with those in Table t, Ît 

appears that the position of tk~ temperatul'e at wkick the change 
'[J1'aceeds most mpidly, is changed by the adclitian of pink-salt. 

In the experiments described previously (compare Proc. Roy. Acad. 
Amsterdam. 1899. 102 also Zeitschr. f. phys. Chem. 1899. 30, 616) the 
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maXImum was a1so found at - 45° in thp prcscncc of pink-salt, 
but at that time a tin was usecI which had alrcady undcrgone thc 
change of white tin ~ grey tin in both directions. 

From this we see what enormous illfluence is exercised on these 
phenomena by the "previous hislory" of the white tin. 

GERNEZ 1) has noticed quito analogous phenomena with sulphur; 
the velo city of the change, melted sulphur ~ rhomblC 5ulphur, is 
there dependent on '1', the temperature at which the su1phur was 
meIted) the time during which it remained fused, t the temperaturc 
at which it remained superfused, T' tho time during '\\ hieh it was 
Bupmfused, 0 the tempprature ~at which the change takps plaoe aftel' 
contaot with a crystal of rhombic sulphur. 

GERNI!.Z has published no observations showing a displacement of 
temperature of the maximum velooity sueh as has been found here. 
It wou1d be of interest to investigate whether a similar phenoroenon 
mayalso oocur there. 

7. With substanoeb like sulphur it is not possible to do more 
then acknowledge the existence of these mysterious phenomena. 

Now that similar phenomenft are met with in a substance liko 
tin which is electrically well-defined, there is a prospect of learning 
Bomething more about these changes which are coupled with a change 
in free energy. 

I hope soon to undertake a research in that direction. 

8. In the first communication on the enantiotropy of tin 2), ît 
\vas casually remar ked rhat the velocity of change incrcases when 
thtJ change has occul'l'ed a few times in both directions. This is 
tlOrrect, but it is now evident thai the transitioll point need not be 
passed, that is to say that on cxposing white tin to low tem
peratures, the velocity of change constalltly increases (at the same 
temperature ). 

The behaviour of a dilatometer 3) which was filled with 20.370 grams 
of grey tin and 19.040 grams of white tin which had originated 
from the grey tm by warming ma}' serve as an example. 

I) Journal de physique 2nd sedes. 1885. 349. 

~) Proc. Roy. Acad Amsterdam. 1899. 38. 

S) FIllcd wüh alcohol wIth pmk-salt. 1 mmo dlsplacement of the liquid columI1 il1 
the cllpIllaly correuponds to ft convelSlOll of 10 milligrams of wlllte tin into the 
grey modIficnhon. 
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TAilLE nf. 

'l'emperahlle. VeloCIty of change. Tune of ObWI vation III h011rs. 

-450 2.33 6 

00 o 47 154/ 5 

_~5° 2.3 75/ 6 

00 07 17 

-150 3 71/& 
00 0.86 171/ 2 

-850 3.3 321 
3 

_HSO 40 1J/ 4 

Although the active mass of the w hitc tin has cOllsiderably 
decreased, the velocity at 00 has still increased from 0.47 to 0.86 
that at _450 from 2.33 to 4.0. 

9. From the experiments descrIbed here, it appears clearly that 
only those results are comparable which have been obtained with 
tin which has the same (prpferably, kllown) "pl'evious hisfory". 

I have, therefol'c, cxaminod the ourves of the velocity of change 
of the reaction 

grey tin;:: white tin 

whioh in thc plevious <,ommunication 1) were determined with samples 
having dIfferent "p1"ovious hi3tOl'y", by means cf one and the same 
sample. 

TAB L E IV. 

TcmperatuLC. 

_850 

_4bO 

-160 

00 

20° 
250 

30° 
35° 
400 

VeloCl1y of cillmge. 

3.a 
40 
3.0 
1.06 
0.09 
20 

20.0 
- 132.0 
-2700 

It is difficult ta unite these data into a clear graphical figure ort 
lt smaH scale and I, thercfore omit this. 

1) Proe. Roy. Acad. Amsteldnm. 18Q!J. 103, 286. 
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Summal'y of Results. 

1. Tho additioll of pink-salt doos ~ot ónly, influonce-the- y'eiocity 
'of tho change 

grey tin ~,white tin 

but a1so the temperature of the maximum velocity. 
2. The "previou,s lzistory" of the tin exercises a great influence on 

the velocity with which tbe above reaction takes place. , 
The mysterious phenomena' observed by G1<JRNEZ' in the cáse_of 

sulphur are a1so met with hëi-e. As however, we passess in tin a 
, substance ,with well-defined e1ectrica1 properties, th ere is a' próspect 

of ge'tting some insight, by e1ectrica1 means, intothe ehanges which 
this ,metal undergoes, since those changes must be accoriipanied by 
a change in the free energy. ' 

3. ComparabIe resu1ts are on1y obtainab1e with samples having 
the same "pl'eviOttshistory". 

Amsterdam, University Chem. Lab, May 1900. 

Chemistry. - "Tlw fOl'mation of mixed"crystals of Thallium-' 
nitmfe and, ThaUiumiodide". By Dr. C. V.AN EYK (Commu
nicated by Prof. H. W. B.ÁKIIUIS ROOZEBOOl\f). 

(Read May' 26, 1900.) 

j., l:{o' instanr8 is known of the' formation of mixed crystals of 
tlitrates with iodides. 'Preliminary experiments showed me that a 
mixing in the solid state probably takes place with several nitrates 
Bnd iodides. The system Thalliumnitrate-Thalliumiodide has now 
been 010se1y irivestigated. In thc first p1ace the re1ation between the 
tlomposition ,of the fused mixtures of saIts 'and that of the mixed 
crysta1s deposited on cooling has been examined. " 

2. ~:hecommencement and progress of the' solidification of mixtures 
of 100 pCt. of Tl NOB to 100 pCt. of Tl! was observed. 

mol. °/~ Tl! Commencement of End of 
Solidification. !,olidificntion. 

0 206° 205°.4 

1.6 207° 206° 

4.1 208°.6 207° 

6.7 211 9 208°.4 
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mol. % '1'/ t Commencement of End of 
So lidification. Solidification. 

9.9 215° 209°.5 
. 13 ~B8° ~noo 

18 264°.5 . 215°.5 
23.7 288° » 
31.4 311.°5 ~ 

36 321°.5 » 
50 346°.5 :. 
54.5 . 354° ,-
60.2 363° 

·69.9 378°.5 290° 
80.5 393° 335° 
90.1 4080 3760 

94.7 415 0 

100 4220 

A dear view is gi ,en hy the gràphic repres~ntation in. which tbo 
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line A eB represents the first 
solidifying points. The' erystals 
whieh deposit on solidification of 
o to 9.9 mol. pCt. Tl 1 are white, 
with a ]Jigher percentage of 1.'11 
tbey are red. 

3.. From the course of the 
moJting point Ene (type IV of' 
BAKHUIS ROOZEBOOllf, Zeitsehr. 
für phys. Chem. 30. 399), whieh 
eommenees . to. rise. immediately 
from the solidifyi!lg 'point of 
TI NOs, .. it follows that mixed 
erystals, and not tbe single salts, 
are deposited from tbc melt, and 
that the mixed erystals are ,of 
two kinds corresponding to tbe 
solidifying point lines AC and 
eB. This may, further, he deduced 
from tbe following: 1. tbe crystals 
w~ich are depositcd from mixtures 
of 0 to 9.9 mol. pCt. TI I are 
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tempelaturcs on account of the change then undergone by the mixed 
crystals; 2. admixtUle of T11 with TINOs as weIl as of Tl NOs with 
'rIl loweIS the transition point of both TINOs (142°) and '1'11 
(169° red ~ yellow). 

4. The connection between lhe concentration of the mixed crystals 
ané! that of the n:elt bas heen determined in the CMe of mixture!:', 
which begin to solidify below 300°, by isolating The crystals from 
the melt and subjecting them to analysis (compare Zeitschr. für 
phys. Chem. 30. 432); in the case of mixtures showing a higher 
solidifying point it has been derived f!'Om the course of the solidification. 

mol. pct. of Tl 1 
in the melt. 

4.7 
6.7 
9.2 

13.3 
20 
24.7 

mol. pct. of TIl 
In the mIXed crystals. 

8 
1I5 
16.4 
63 

- 67 
77 

In this way are obtained the lines .,JD anel EB which show the 
composition of the white and red mixed crystals obtained from 
mixtures üf 0-10 and 10-100 mol. pCt. of 'rJ I. The second iine 
EB is not sa l'eliable as the fitst, as the methad used for the sepa
ration of melt and Cl ystals causes a small quantity of the melt to 
adhere to the drained clystals. 

With melted mixtures containing more than 10 mol. pCt. of Tl I 
this may cause a rather large divergence in the analysis of the 
rmxed crystals, as with these mixtures the concentrations of melt 
and crystals ddfer by more than 50 pCt. 

lt is, therefore, quite possible that the real values are situated 
a trifle more towards the right than has been found by analysis. 

From the lines it follows that the white mixed crystals may 
contain from 0-18 mol. pCt. of Tl! and tbe red ones from about 
65-100 pCt., so that there is here a hiatus in the series of mix
tures between 18 - 65 pCt. Accordingly, all mixtures betweell these 
concentrations solidify at 215°.5 to a conglomerate of the crystals 
D and E. 

5. Thalliumllitrate, rhombic at the ordinary temperatul'e, is 
l'hombohedric above 142°, whilst the yell ow Thal1iumiodide is de
scribed in the manuals as regular. Prof. SC1IROEDER VAN DER KOLK 
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had the kindness to determine the erystalline form whieh these salts, 
assume on solidifying. 

The red Tl I appearcd to be regular, the yellow on the other 
hand biaxial. Thalliumnitrate also seems eapable of erystallyzing 
from the melt in the regular system. This corresponds with the 
faet tbat tbe white as weU as tbe red mixed crystals are regular. 

Breda, Chern. Lab. Royal Milit. Acad. 

Botanics. - "Further researches on the FOl'mation of Indigo from 
the Waad (Isatis tinetoria)". By Prof. M. W. REIJERINCK. 

Since my first communicatioll on the chromogene of the woad 1) I 
have found that the indoxyl does not exist in it in a free condition, 
as I tben thought, but in a looso compound whieh 1 will calI 
isatan, and whieh, by an enzyme, simultaneously present, tbe isatase, 
is easily deeomposed with production of indoxyl. 

1. The 1'esearch of SCHUNCK. 

As soon as I had come to this conclusion, the question a1'ose, 
whethe1' the matter prepared by SCHUNOK from the waad in 1855, 
and described 2) under the name of u indican", ean be either or not 
identie with isatan. That in many of his experirnents he has indeed 
had isatan befare him I eonsider as eertain. But in carefully reading 
his essay I met with number of contradictions, whieh are only to be 
explained by SCHUNCK'S worlring with two other substances besides, 
which he continually interchanges with each other and with isatan ; 
these are indoxyl and a chrornogene which eoloUl s intensely yelIow 
hy alkalies, oceurs abundantly in the woad, precipitates, just like 
isatan, with basic lead acetate, but has nothing to do with indigo. 
If I weIl understand hirn he callq this subqtanco nchanged indica.ll" 
and considers that it differs from it by containing one or two H20 
more, but this is a wholly unproyed hypothesis. 

lndoxyl was not kIlowIl to SCHUNCK at all, but his seeolld 
pl'eparation method of the "mdiean" reposes on ether extraction of 
the dried plant. As isatan is not soluble in ether [ suppose that 

1} On the Formation of Indigo flOm the Woad (Isatz8 tmctolla). Kon. Akad. van 
Wetenschappen, Amsterdam; ProceE'dmgs of the Meeting of ~Oth September 1899. 

2) E. SCHUNCK. On the I!'ormntion of Indlgo-blue. Pait I. PhilosopbiclLI MlIg,lzine 
(4) Vol. 10, png. 74, 1855. )j'or the indiglucme: Ibld. Vol. 15, png. 127, 1858. 



- 108 -

( 102 ) 

during the preparation smaIl quantities of indoxyl originated from 
the isatan, which easily occurs under various infiuences, and for which 
ether is an excellent solvent. -

However strange it may be, it was the matter colouring 
yellow by alkalies, and not the indigo chromogene itself, which 
SCHUNCK subjected to the three analyses on which reposes the well~ 
known formula of the u woad-indican". Quite clear he is not, hut 
so far as I conceive his meaning, the first and the third prepar~ 
ations, which he analyzed, coniain no indican at all! yet he eaUs 
them the pUJ'est; the second he considers as less pure, ancl he seems 
to have subjected it to the analysis aftel' having convineed himself 
that by precipitating it with alcohol, lead acetate and ammonia Uit 
contained no longer unchanged indican", which consequently means, 
that he had before him the said matter turning yellow by alkalies 
and thus containing no more indigo chromogene. 

Word for word he says the following, first concerning his analyses 
in general (1. c. Part I, pag. 89): UI have hitherto been unable, I 
regret to say, to ascertain the exact cornposition of indican by direct 
experiment. On account of the deliqueBcent nature, aod its so readily 
undergoing change when heated, it was impossible to subject it to 
analysis in a free state aod I was therefore obliged to have recourse 
to the lead-compound." Then follows the description of the three 
analyses themselves. Of the first he says (1. c. pag. 90): "Notwith
standing the care, however, which 1 took in the preparation of the 
specimen, I found that it did not contain unchanged indican, as 
a little of it, when tested with sulphuric acid, gave no indigo-blue. 
It is nevertheless the purest specimen of the lead-compound which 
1 have analysed". Thell he says of the seconcl alld third: "The 
next analysis which 1 shall give, places in a striking light the effect 
which alkalies exert on indican. I took some of the sa.me solution 
of indican which I had employed for the preceding analysis, and 
which I found to give, when a little of it was boiled with acid, very 
pure indigo-blue; but instead of evaporating it, I added a large 
quantity of alcohol to it, and then precipitated with acetate of lead 
and ammonia. The precipitate DO longer cOlltained uDchanged indican" ... 
"The third analysis was performed with a lead-compound made in 
the same way as that of the Brst analysis." 1) 

I) Three analyses of suel! doubtfnl substanees are the &ole foundation up on whieh 
the well·known indican formula of SOHUNOK 

C~6 Hal NOl7 + 2 H10 == C8 H5 NO + 3 (C6 Wo 0 6). 

Indiean Indigo-blue Indiglucine 
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A.ll this is not quite clear, but I re ad from it that these analyses 
have nothing ta do with the indigo chromogelle itself, that is to say, 
with isatan, and I think ihat they relate to a mixture of thc chromo
gene from the woad, which c010u1's yeUow by alkalies, and plant
slime ("indiglucine"). The explallation of this enormous fact should, 
I think, be s,:-ught in the following circumstances. SCHUNCK prcpared 
the "indican" by alcohol extraction from carr.fully dried woad-Ieaves, 
which in itself is quite rational, because in this way l'elatively COll

ccntrated and rather pure solutions are obtained. But if the dried 
lcaves are kopt a litHe too long, fol' instanee two days at 28° to 
30° C., Ol' if they grow a little moisty, the isatan vanishes completely 
from them. Though SCHUNCK evidently knew that the chromogene 
can easily disappear from the dry leaves, he does not mention the 
short time aftel' which this occurs alreacly, so that I think it vel'y weU 
possible that the chromogene has disappeared during his preparation 
without his having observed it. Fot' it is to be kept in view that 
his method of demonstrating the indigo-blue qualitatively is highly 
deficient and consisted in decomposing the chromogene by "strong 
mineral arids", the very worst methocl to ba followed, as strong 
acids are pornicious as well to isatan as to indoxyl. 

My opinion that SOHUNOK at the moments when it was particularly 
important, had not to do with the indigo chl'omogene itself, but with 
another substance, is aIso based on several observations whieh he 
makes about the properties of the "pure indican". So WE' read on pag. 85 
(I.c. Part I): tlWith caustic alkalies, baryta allcllime-water the watery 
solution turns of a bright yellow." This rcaction holds only good for 
thc impurity which remains in the dricd leaves aftp,r the isatan 
is destroyecl in them. Jf in the preparations any isatan hacl been 
present the ye110w colouring would have been immediately followed 
by the formation of indigo-blua, which then becomes much more dis
tinctly visible than if the same preparation is decomposed by acids. 
Evidently he has examinocl different samples with acids and alkalies, 
and samples, free from isatan, only with the latter, elde he would 
certainly have found that those prepal'ations, which by acids produce 
indigo-blue, yield much more indigo if they are treated with an 

is based an(l which, since 1855, lms been accepted, without criticism, in all great 
chemicnl manuals. Fonml'ly I was inclined to wnte tlle formula thus: 

026 H 27 NOl7 + 2 1120 = ca H7 NO + 3 (C6 Ha 0 6
) 

lndoxyl Glukoroll 

but now, 11lIVing carefo.lly studietl SOli UNCK'S essay, I thillk this interpretation nlsQ 
worUlle&$. 
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alkali. Likewise the following sta.tement of his preliminary researches 
is for the greater part unintclligible if it is admitted th at SClTUNCK 

spcaks of isatan. He says (1. c. pag. 81): "I was -enabled to 
infer, with positi ve certainty, that tbe lsatis tinctol'ia contains a 
substance easily soluble in heat and cold wc"tter, alcohol and ether, 
which, by the action of strong mineral arids, yields indigo
blue; that the fOl'mation of the colouring matter from it can be 
effected without tbe intcrvention of oxygen or of alIcalies; and that 
the lat ter, indeed, if allowed to act on it bafore the application of 
acid, entirely prevent the formation of colauring matter." In opposi
ti on to this, the fact must be stated, that the best method far demon
strating with certainty'and qlliclmess isatan 01' indoxyl in woad-sap, 
just consists in aclc1ing alkali to it, by whirh the isatan is decomposed 
and the iudoxyl is guickly oxidized to indigo at the air; aftel' this, 
the addition of acid may be desirabIe to decolour the yellow pigment 
formed by the alkali, by which the indigo-blue appears with greater 
purity. 

Thc uncertainty of the whole research explains how it is possible, 
that SCHUNCK, when later becoming acquainted 1) with Polygonum 
til1ctorium1 could think that the indican therein occurring, the com
position of which, 014 fp7 N06 + 3 W~ 0, has recently been deter
mined by Messrs. HOOOEWERFF and TER JYIEULEN 2), and which is 
elltirely different from isatan, could be identic with his "woad-indican." 

ConsC'quently I believe that SCHUNCK cannot be considered as the 
discoverer of the isatan, though it is not to be doubted, th at in his 
experimcnts, he has sometimes had tlJis substance hcfore him, and, 
basing on the ahove exposition I take his inclican formula for not 
appliable ta isatan. 

2. Preparation and pl'opel'ties of isalan. 

lndaxyl and isatan arc vcry unstable and still at prCHent most 
imperfectly knOWIl substances, which only in acid solutions can caRily 
be distinguished from each other, in neutral sollltions, without thc 
use of isatase, with murh more trouble, in alkaline solutions not at. 
all, because in these isatan produces indoxyl. 

The reason why at first I thought that tho woad must contaill froe 
indoxyl and no compound of it, is the fact tlwt in thc cxtl'uctl'l obtained 

1) On lndigo·blue from Pol!lflollutil til1ctOi'iI/1It. The Chemical News. Vol. 39, pag. 
119, 1879. \ 

2) Kon. Aknd. van Wetensch. te Amsterdam, 3l Mllart 1 !l00, pag. 598. 
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from young woad-leaves, rich in isatan, as weU by decoction as by 
cold extractioll, the isatan is decomposed and an indoxyl solution is 
obtained. Now I admitted in the beginning, that if in the woad, as 
was my leading theory, a glucoside was present, whicb, in analogy 
to the indican, must be decomposed by an enzyme, at the decoction 
no indoxyl but exc1usively this glucoside would be obtained, because 
by boiling the enzyme is surldenly destroyed. In this view 1 was 
supported by the fact, that this in deed takes place with Indigofera 
and Polygonum, which by decoction yield indican, by cold extraction 
indoxyl. 

But I began to doubt of the generality of this theory, when observing, 
that Phajus [Jranrliflorus, which belangs to the indican plants, never
tlwless 1) produces indoxyl át decoction. 80 this seemcd also possible 
with the woad, though it was clear that the properties of the "gluco
side" ought in this case ta bc quite different fl'om those of indican. 

But I was on1y put on the right way, by the experience, that it is 
possible to obtain fl'om the leavès of the woad, by the extraction 
with dilute acids a solution, which rcmains unchanged at the air, 
although it yields with alka1ies much indigo-blue, while an equally 
acid illdoxyl soJution sJowly oxidizes at the ail' to indigo. I th en 
dearly saw why 1 had before obtained indoxyl from the woad. My 
experiments had been performed on a smal! scaIe; I had been able 
with cale to select growing lcaves and buds only; but they contain 
much isatan and so little acid, that the enzyme isatase can become 
active, so that by decoction, as weIl as by cold extraction with 
water, and evon with alcohol, they produre indoxyl, though at tho 
decoclion and alcohol extraction mixed with much isatan, which 
fact I only observed later. If I had used older leaves which contain 
moro acid, I should have found at once isatan quite free from indoxyl. 

The relative constancy of isatan in feebly acid solutions, even at 
boiling temperature, can be utilized for its pl'eparation. 

Though the acidity during the extraeting must be feebIe yet it must 
he stl'ong cnough to prevent thc decomposition of the isatan by the 
isatase. rro this end an acidity of 1.6 to 3.2 cc. of normal oxalic acid 
per 100 cc,, of the extraction liquid, (0.1 to 0.2 weight percentage) 
sufficps, for the acidity of the oldel' Ieaves themselves amounts to 
about 1,5 cc. nOJ'mal prr 10n cc. of tho juice, tlnd this is thc vel'y 
limit of aridity abovo which tho isatan bocomos inaclive. Jf the 
extra.ction is effected by boiling, tb is df'grec of acidity should be 

1) llluigofermentutioll. KOll. Akud. vnn Wetenseh. Amsterdam, Proceec1ings of the 

lIIeeting of Ml!r lOOO ]Jug. 573. 
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cxactly observed. In cold extraction, with oxalic acid, the isatan is 
much 1('s8 subject to deeomposition, so that, below 500 C. solutions 
of 1 to 3 pCt. oxalie acid ean safely be emp1oyed. But át these 10w 
tempcratures the acid penetrates with less rapidity into the eens, 
in whieh aeeordingly the enzyme ean become more or less aetive 
producing some indoxyl. Hence, in the acid extraction at 10w temper
ature, it i8 advisable to rub the leaves (lown in a mortar, immersed 
in the acid liquid. 

In particu1ar at boiling temperatul'e and when using an extraction 
liquid of an acidity of 2 to 3 cc. of normal oxalic acid, it is easy_ 
to obtain a quite undecomposed isatan solution from the growing 
woad-leaves, even of the youngest still neutrally reacting meristemes. 
In eonsequence of tbe boiling temperature, aided by the perfect sur
rounding of thc cells with the dilute acid, the isatase is destroyed 
simuItaneously with the dying of thc protop1asm, by which decom
position of isatan is quite excluded. As the extraction continues, 
there is an interchange between the feab1er aridity within (0.5 cc. 
norm al pCt.), and ihe stronger acidity without the young ceIl, and 
at the end of the experiment, a solution of isatan of 0.5 to ~ cc. of 
normal acid per 100 cc. of juice in obtained, wh en the weight of 
the leaves used, equals that of the extraction 1iquid. 

More acid used in the boiling than the sttid percentage causes 
isatàn decomposition, by which not only indoxyl but also brown 
products of decomposition originate. 

Oxalic acid ean be replaeed by other acicls and by acid salts. 
Thus I obtained good results with dilute sulphuric acid and pbos
phoric acid, and with a saturated solution of borie acid, at room 
temperaturc. Acetic acid causes a fcebler deeomposition than oxalic 
acid. When the appearance of brown products of dccomposition dUl'ing 
the boiliog is taken as a criterion for the decomposition, I found 
that 12 cc. of normal acetic acid added to 100 cc. of jtiice (ca 0.8 
weight percentage), is about proportioncd to 5 cn. of normal oxalic 
acid (= 0.3 weight percentage). Acid salts act like acids. Kalium~ 

bioxalate and biphosphate can ooly b3 used in strongly diiuted 
solutions. With a cold saturated solution of kalium birartr,lto tho 
extracting may be operated at boiiing temperature without decompo
sition; only by prolonged boiling a little indigo-biuo is produced. 
I prefer, however, the extraction with' oxalic acid. Therewith tho 
solutions remain clear and of a light yellow and can Yery easily 
be filtored 1); aftel' filtcring, tho rema.il1ing loaf-matter is soft, but 

I) If the wond-leaves nre boiled with more ncid thnll 2 to 3 cc. normnl per 100 
cc. of the juice, tbe det:oction grows slimy (lnd gives trouble in filtoring. 
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by na means slimy, and ean quite wen be pressed dry, sa that, in 
conSequence of the high water percentage of the leaves, a quantity 
of extract is obtained nearly twice as mach as the original volume 
of the oxalic-acid solution. 

If with the thus obtained isatan solution enzyme experiments are 
to be perform~d, the acid must be removed, wbich is best done by 
boiling with chalk 1). As the reaction of the chalk is slightly 
alkaline it should be very finely divided, as larger particles form a 
little indigo on their surfacc. Af ter filtering off the oxalate and the 
superfluous chalk, a liquid results, somewhat brownish indeed, but 
not so much as to be hurtful to tbe enzyme experiments. 

This liquid cannot be evaporated to dryness without being decom
poscd, even not at room temperature, because during the concen
tration the acidity increases. To neutrali2;e the syrupic matter is 
troublesome. 

The extraction of the isatan can also be eft'ected with feebly acid alco
hol, both in the cold alld at boiling temperature. Fresh leaves are then 

I 

to be preferred to dried ones, because in drying there always gets 
lost some, at last all isatan. The alcohol extract must be evaporated 
at low temperature and finally be neutralized with chalk. Aftel' 
boiling a brownÎ!:;h, almost neutral and very rich isatan solution 
is obtained, which can be purified with neutral lead acetate. 

For further concentration the isatan can be precipitated with basic 
lean acetate, and thc yellow precipitate be deC'omposed in the cold 
with oxalic acid. The lead oxalate separates freely from the isatan 
solution, and the excess of oxalic acid can' be removed with chalk, 
tbe lead with sulphurated hydrogen. This solution can be kept 
without decomposition for some time, but af ter a few weeks the isatan 
vanishes. 

In the decoction method with oxalic acid, followed hy lead 
precipitation, the chlorophyll is removed from the very' first and 
evaporation is excluded. More plant slime will then precipitate with 
the lead than by alcohol extraction , but on further purifying, 
this slime can be precipitated with ether-alcohol. I have as yet not 
been able to prepare dry isatan, as a powder, from these extracts, sneh 
as I before prepared the indican. 

The most charaeteristic difference betweell indiean and isatan consists 
in their behaviour to nlkalies: indican is constant in concentrated 
alkaline solutions, isatan is decomposed by very feebie alkalies, even 

1) Neutralizing without endangering the subsequent enzyme IIction, can nlso be 
done with lend·, mnngan-, magnesia-, or baryta-cllrbonate, but I pr~fer chnlk. 

8 
Proceedings ROylll Acad. Amsterdam. Vol. IU. 
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in the cold. Concentrated solutions of dina,trium phosphate, phosphoric 
salt and ammonium carllonate produce indoxyl from isaian, already 
at room temperature. By acids, both indican and isatan áre derom
posed, but indiran with much more difficulty, which is especially 
evident when using acid salts. So, isatan is alrcady decomposed by 
boiling with dilute kalium bioxalate, in which indican is constant. 

Bath substances preripitate with basic lead aeetate, producing 
yellow precipitates, which colour is probably proper to the substances 
themselves, and not to impul'ities. 

Isatase, thE' specific enzyme from waad, does not act on indiranj 
isatan on the other hand is not deromposed by the indigo-enzymes. 

Isatan is not directly splitted by the cam man microbes j indirectly 
it may, of course, be decomposed by the alkali prochlced by microbes. 
Indican, on the other hand, as I have formerly shown, is directly 
dccomposed by many microbes, either by ferment action of the 
protoplaE>m (katabolism), or by specific enzymes, proper to the 
microbes. This diff'erence between isatan and indican is probably 
related to the nature cf the substances set free in the decom
position beside the indoxyl. Sa the glucose, from the indican, 
is an excellent nutrient for many bacteria, whilst the very stability 
of the isatan in J'elation to microbes, seems to indicate that the 
matter, which besides indoxyl originates from it, is na glucose, 
pel'haps no Bugar at all. 

3. The isatase. 

The preparation of the woad-enzyme is effected in tbe same 
way as that of the illdigo-enzymes. 'rhe related parts of the plant are 
rubbed down in living state under alcohol, alld the alcohol is sa 
of ten renewed until all the chlorophyll pigment is removed. Aftel' 
filtering and drying the crude isatase is obtained as a white, 
feebly acid powdel' in which, of course, all substances not soluble in 
alcohol are present, hence, all the other enzymes of the waad toa. 
As the enzyme is quite insoluble in water it can be purified by 
oxtraction with deshlled water, by which the other enzymes, at 
least those that are soluble, dis,lppear. Solvents for the isatase itself 
I have not yet found. 

As the waad, liko the caubages, is \'ery rich in gypsum, the 
crude isatase contains 80 much of it that to remove it with destilled 
water is troublesome. I have therefore, in order to answer the 
question, whether iu thc action of isatase on isatan perhaps ft sul
phate is produced, as in the splitting 01 kalium myl'onate by 
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myrosine, prepal'ed in the following way Ï::;a,tase free fl'orn gypbum. 
Woad leaves cut fine were rubbed down in destillod water, then 
pressed ont, and the rernail1ing matter extracted with wa.tor 
until the filtrate proved free from sulphul'ic acid. Then the chloro
phyll pigment was removed by alcohol and the remaining matter 
dried and powdered. 

Though the thus obtained proparation is pOOl' in enzyme, bocause 
this is 10calJzed in the chlorophyll grallules, which during the pressing 
of the leavrs are for the greater part also pressed out, it is still 
sufficient to bring about astrong isatan decomposition. As was to 
be expected, sulphates were not thereby set free. 

The isatase is spread thr'ough the whole woad-plant; it occurs 
as weIl in the growing parts as in full-gl'own roots, sterns, leaves, 
and flowers. 80 the distribution is another than that of the isatan, 
which is wanting in all full-grown parts, anel is the more accumu
lated in growing roots, stoms, alld leaves, the younger they are. 
Another distribution also than that of the indigo-enzymes in thc 
indican plants, which arc only found in thc parts l'ich in indica.n. 

On the other hand the distribution of the isatase within the ceU 
itself, corresponds with that of the indigo-enzymes: both are local
ized in the chromatophores. The isatan has also, in the cell, a locali
sation corresponding with that of the indican, for in as much as ean be 
inferred from micro-chemical expcriments, both are found in thc 
living protoplasm of epidermis, mesophyll anel other parenchymatous 
tissues. For establishing the localisation of isatan and isatase in the 
cell, the same way can be folIo wed which I fOl'mcrly pointed out 
for detecting the indican and the indigo enzymes 1). 

As regards the isatan, for this end, not too thin microscopie sections of 
young, vigorously growing stems or leaves are put in a boiling mixture of 
hydrochloric acid and isatine; by the acid indoxyl is separated, which 
prod uces, with the isatine, red erystal neodles of indigo-red, localized 
in the protoplasm. More difficult to observe, but still, I thillk, quite 
C'onvincing is the precipitation of indigo-blue, as small granules, in the 
living protoplasm, whell the sections, in a living state, are put in a 
mixture of boiling hydroehloric acid and fcrrichlorid. Uemal'lmble 
is the strong accumulation of jsatan in the epidermis ceIls, alld 
especially in the hairs found on the young leaves. 

The localisation of isatase in the chromatophores cau be demon
strated in two ways. Either little hits of the easdy loosening epidermis 
of woad-leaves, or microscopie sections of &tems or leaves, all in a 

1) Indigofermentation p. 579. 
8* 
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living state, can be put in a neuLraIly reacting woad~decoctioii;_ rich 
in isataI~, and heated to ca. 45° C .. Aftel' some minutes ~already 
the chromatophores begin to colour blue j the intensity of colour 
iilcrenses some time, to re ach its limit in an -hour or 80. 

The blue-colouring of the co10urloss chromatophoros of epidermis 
and stom-pitb, is here distinctly to be observed, so that, particularly 
the fragments of the fitst, becomo very intct'esting proparatiönÉl~ .' .. ' 

Tbe localisation of the isatan in the protoplasm, of the' isatasé in 
the chromatophores, renders their inter-action in the living cell pos
sible without anyinfluence of the' acid ceIl-sap. At the deathofth,e,_ 
ceU, 'this stato wiIl suddenly change anel the acidity of the, ceH-sap 
determines w'hether tne isatase can act or not on the isatan. 
- In no other plant but the -woad I have hitherto been able to 

detect isatase. I had expected its presence in some short-val ved 
Cruciferae. 80 in Capsella bW'sa pastori81. where, in case the rQot
neck is much hurt, a trace of indoxyl can be pointed out, but here, 
also the enzyme is wanting. Likewise it wants in tJle indican plants. 
Also all microbes examined are devoid of isatase. 

4. Action of isatase on -isatan. 

The action of isatase on isatan is, as observed before, only pos
sible in neutral or amphoteric and very feebly acid solutions. 'In 
alkaline solutions the 'observation becomes uncertain,' because the 
alkali itself splits off indoxyl. If the acidity amounts to 1.5 cc. of . 
normal acid, per 100 cc. of the isatan solution, thc action is much, 

. weakened, and at ca. 1.8 cc. of normal acid, there is no more decomposi~ 
tion of isatan at all, which is noteworthyas this percentage of acidity 
is reached in: the celI-sap of older woad-leaves. This does nothowever 
exelude isatan-decomposition by the enzyme in the living ceU, as, 
the process can be limited to the protoplasm, in. accordanco ~vith 
tho localisation des cri bed,' 

As the action of thc isatan is judged aftel' thc formation of indigo
blue, two chemical processes are involvetl in it, isatan-splitting and 
iildoxyl-oxidation. If the expmiment is performed with free access 
of air, for instanee in a thin. iayer of the isatan solution,with the 
enzyme' floating on it, the indoxyl changes directly into indigo; but 
if'" the isatan is· decomposed with imperfect access of air, for 

.. instance, in the depth of' an experiment tube, then it is nec~ssary, 
during the experiment itself, to' render the oxidation of thc indoxyl 
as complete as possible by agitation with air, which does not 
however always succeed. with sufficient quickness, and so limits 
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the n.CClil'~cy of the experiment. Of course .. the liquic1 cal.inot he' 
,alkalized, . because th en not oitly thc indoxyl formed by the 'isatase 
would become visible, but also .. thc indoxyl set frec by thc alkali 
from the isatan not decomposed by the isatase .. If the object is to 
observe thc isatase action at a determined temperatu.re) then thEl 
eJizyme cannot be destroyed at the end of the experiment by heating, but 
this' must be effected by some eJ;lzyme poison, as for instal1ce sublimate. 

Addition of acid to rendel' thc colour of the indigo-blue. more pure 
must likewise be avoided, in order not to decompose isatan. 

Accordingly it is necessary to perfOl~m the reactio:n in à very 
fcebly acid solution, and to j udge of the results . without . other 
precautionsthan a thorough aeration. I have not been able hitherto 
to answer the question aftel' the nature of the matter, which at the 
isatan-splitting, most probably is set fr~e beside theindoxyl. Presseci 
yeast,produces in woad-extract, heated with crude isatase at 30° 0., 
more . alcohol and' carbon ic acid, _ than in the same extract without 
isatase (in the propol'tion of 8 : 5), 80 that in the first there must 
certainly be formation of sugar capable of fermentation. But this 
sugar results, proba1'ly not from the isatall, but from the action. of 
other enzymes, present in. thc crude' isatase, on glucosides or carboby
dl'ates, present in the isatan-EOlution,such as myrosine on myronates, 
and diastase on granulose. . 

The process of the decomposition cannot be studied with FEHLINO'S 

cupric s)lu~ion, as the isatan .is decomposed by the alkali. 
That to SCIIuNcK's "illdiglucine"· no value èan be aUa('hed follows 

from § J. 
In order t~. state tho inflt:wncc' of h~atirig Qn tho isatase action, 

the cxperimcnts .. wore It.rrangod. as desoribed elsewhere. fol' the 
indigo-enzymes 1), wit11 tlw" diffel'cnce, that fór. the ahove reasons, 
.alkalisation aud subsequent· aeidification !tre here omitted. rrhe 
ycry fine1y powdered enzymo is shaken· in an experiment tupe 
·with. thc isatan·solution, aod in a. water bath, at determined tempo
rature, 110nted a determined number of mijmtos. 1'he1'o are .always 
perfol"med two expcri~ents at thc same time, 80 that a colorimetric~l 
comparison of the produced indigo is possible; e.g. ät 48° O. aitd 
50° 0., or .at 40° and 60°, 45Q and 55°, etc. The best results were 
obtained with dilute isatan-solutions, wbich are brought, as exactly as 
,possible, to an acidity of 0.5 cc. norm!ll per 100 cc ... of liquid, and 
with so little cIlzyme, that tho, complete conversion was vory slowly 
accomplished, alld 'took about half an hour. 

/(1) Indigofermentntion pog.' 586. 
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The optimum for the aetion was 
fOlmd at 48° to 50° C., but eould not 
be determinerI more aeeuratély as cliffer
enees of two 2° C. produee no distinct 
eolorimetrical difference. At 70° C. the 
cnzyme is completely destroyed. The 
minimumlimit is low, far below 0° C., 
as is seen in the fignre. Noteworthy 
is the slowness with which the lnten-

o W;lU iSu 4u 5U bU 70° C. - f 
Action of isatase 011 isatan. sity of action decreases at decrcase 0 

temperature, and the quickness with whieh it take" pI ace when thc 
temperature rises. So the action at 10° and at 0° C. respeetively 
is as strong as at 60° and 60.5° O. 

On other substances but isatan isatase scems not to act; it has 
eertainly no aetion on indican, neither eould I dec om pose with 
isatase the potassium indoxyl-sulphate in horse urine. 

When judging of these experiments it must be kept in view th at 
other enzymes are present in the erude isatase, whieh may produce 
substanees not indifferent for the isatase aetion. Sa, mention was 
made above of the presenec of myrosine anel diastase in the erude 
isatasc prepamtions, and below I will refer to the presonrc of peroxydase. 

5. Extmction of indoxyl (rom the Uload-leaves. 

Onee acquainted with the ehief proporties of isatase and isatan, it is 
possible at will to extract igatan or indoxyl from the woad. l'hough 
in my former communication 1 spolce nlready of the indoxyl f>xtrltction, 
my being unacquainted with isatase preventrd me from doing this 
with perfect cleamess. 

As alkalies produce illdoxyl from isatan the extraction of woad· 
leaves therewitll will at every temper\tture produce indoxyl. But by 
the presence of alkalies tbe indoxyl beromcs so very oxidisable and 
then passes at the air so quicldy into indigo, that tbe air, ever 
present in the leaves, causes a great portion of the indoxyl to get 
lost. On the other hand, neutral, or feebly aC'id solutions o~idize 
much more slowly; it is true that also in these finally aU the 
indoxyl passes into indigo, but such solutions keep ullchanged rOl' 

hours at room temperature anel 0.1'0 fit for studying tbe properties 
of the illdoxyl. 

']'he chief point for obtaining su eh neutral or feebly acic1 indoxyl 
solutions from woad-Ieaves, is during' tho ('xtmetion to further the 
isatase·action, cOll'3Hquently to do the very thing which J formerly 
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indicated as essential fol' the indoxyl extraction from indican plants-, 
whel'e all elopends on the action of the indigo-enzymes. With woad 
this can best be effected by koeping Ihe extractIOn tempel'atul'p 
betweell 45° and 50° 0, and by addition of chalk or of a salt of 
feebly alkaline reaction, partly to neutl'alize the acid of tho leaves. 
Thus a good result is obtainfld by entil'ely filling a wide-mouthcd 
stoppered bottle with young woad-Ieaves, aml pouring ovcr tbcm a 
1/2 pOt. dinatrium-phosphate solution (Na2 H P04 + 12 H2 0), heuter! 
at about 50° 0., removing the air as much as possiblr, closing the 
bottIe anel allow it to stand at 40° O. for 24 hours. By decantation 
alld pressing the Ieaf matter, boiling and filtering, all the indoxyl is 
obtained in an amphoteric solution, which is somewhat brownish, but 
is excellent for inuoxyl experimcnts. The presence or absence of unde
composed isatan is ohserved by precipitation witb lead acetate, whcrcby 
the indoxyl remaills dissolved. The indoxyl can also be i:lhaken out 
with ether and in the remaining Iiquid sought with isatase for isatan. 
Not decomposed isatan remains also in the filtrate, whcn thc indoxyl 
is allowed to oxidize at the air and the indigo-blue is filtercd off. 

The ether solutioll of the indoxyI, obtained by shaking it out of 
the extract, can be evaporated at Iow temperature at the air, by 
which the indoxyl is left behin<l as a liquid soluble in watcr, which 
eall be coloured by different impUlities. Though the watery so]u
tiOll of this "purified indoxyl" is inconstant at the air, its oxiàation 
to indigo-blue proceeds slowly enough for studying the inf!.uen('c 
which different substauces oxert on this process. 

Various circumstances have induced me to put allCW the question, 
whethel' in this oxidation an oxidizing enzymc is active 1). Aftel' 
much douLt I have finally, as before, come to the conclusioll 
that such is not the ('ase. My primitive uncertainty was causcd by 
th\:' very unequal accelcration of the oxidation of indoxyl Rolutions 
by different powde! s spl'pad Oll the surfa.ce. So the 0:8 idation i8 
somcwhat furthered by the crude enzyme of woad, :md very 
sU'ongly, by that of Indigof(J}'(1, leptostach!fa, but by boiling, the 
crudo enzymes are by no means depri veel of this property. Ey a 
minute comrarisoll of the bchaviour of crude indoxyl solutions pre
pateel from isatan and indican, with "pul'ifieü" ones 2), I ascel'tainod 

I) Mr. B&tAUDAT erroneollsly asserts (Compt. rendus 1'. 127, p. 769, 18118 anel 
'1'.128, p. 14711, 1898) thut ill the eÀtracts of laatia lndJgo-wbite OCClIfS, wInch, hyan 
oxydase is turne(l into indi~o-blue. 

2) Besides from woad I pr!"pared indo\yl by decomposing in a closed botH!" a 4 pOt. 
indican solution with indigo enzyme at 600 ·C. Moreover- Mr. H. 'lElt l\fEULJ:N hall 
the l..indness to pr!"plUe for me in th!" Chemit'1l1 LnbOJ.Ltory ot'the Polytcrllllical Srhool 
iudoÀyl soln.tions lil chemical way. Tbc "PUI ified" indo'l.yl was vlwnys ohiained by 
ethel eÀtrachon. 

I 
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that, both in the crude enzymes and in the crude îniloxyl solutions, 
there are present soluble and insolllblc chemical compounds, which 
influence the quickness of the indoxyl oxidation, but which are not 
destroyed by enzyme poisons and by heating, and whi('h accordingly 
have not the nature of enzymes. 

erude isatase has neither an oxidizing action on pyrogallol, 
hydrochinon, and guajac emulsion. 

Though thus oxydase is wanting in the crude isatase, th ere is 
present in it, as in all sueh like powders, prepared at random from 
higher plants, peroxydase ("Ieptomine" of RACIBORSK1) 1), that is the 
enzyme which, in the pl'esence of hydrogcn peroxyd, co]ollrs guajac 
emulsion blue. But indoxyl is by no means oxidized by it to indigo. 

6. Nekrosis and Nekrobiosis. 

IJiving tissues can die off in two ways: by ne(')'osis, ihat is thc 
dying of the protopla&1TI with Rimultanf'ous c1cstruction of the enzymes, 
alld by necl'obiosis, in which the pl'otoplasm dies, but thc enzymes 
remain active. The phenomenon, formel'ly describrd by me as the 
"blue stripe" in partly killed woad-Ieaves, on the eontine of thc living 
aud the dead portioJls, which both retain their green colour, reposes 
accordingly on necrobiosis. The action of isatase on isatan explains 
tlllS phenomenon satisfactorily and renders my former hypothesis of 
alkali formation at the dying of the protoplasm superfluous. 

The simplest way to perform the experiment is to kill the tip 
of a young woad-Ieaf in a BUNSEN f!ame, or in the vapour of 
boiling water, then to allow the leaf to remain at ordinary temperature, 
by which in the said part alone indigo precipitates. If the chlorophyll 
pigment is extracted with al('ohol, then both the "living" and thC' 
"dead" parts hecome colourless, the po,rtion between them blue. The 
phenomenon is best distinguished in young woad-Ieavesi in oldel' 
leaves, with a higher acid percentage, it is hardly to be observed 
bccause the acid renders the lsatase inactive. 

In variolls other plants, too, nekrobiosis causes formation of pigmrllts. 
If these pigments are brown or black, and if the experiment is 
performed in thc usual way with the leaves of these plants, then 
the coloured stripe may become still much more marked than in tho 
woad. Particularly fit for this demonstl'a.tion are the leaves of Py1'ZlS 
communis, Trollitts, A('o~itttm, Asal'um., Sallx pUl'purea, Populu,'I 
nigm and several other species, which at necrobiosis tUI'O of a jet 

1) Bericllte der Df'utsch. Botuil. Gf'sellschnft. Bil. 16, pog. 5.2, H\), 1898. 
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black and at necrosis rcmam green. Pear-leaves espccially al'(I 
l'ecommendablc for the E'xperiment; the enzymé in them is tyrosinase, 
thc nature of thE' chromogene is unlmown, tyrosine it is not. Rence, 
when preparing a herbarium, the chief thing to keep 8urh pIants 
uneoloured, is to prevent neerobiosis. This frequently happens of 
itself, as the acid cellsap is so much concentrated in drying, that 
enzyme action cannot oecur; so in the drying of woad-leaves, where 
the highly sensitive isatase remains inactive. In other cases, to 
obtain this end, it will be necE'ssal'y to destroy the enzyme, either by 
boiIing waier, or by poisonous vapours._ 

Sometimes necl'obiosis gives ri8e to aromatic or stimulant matters, 
whieh are present in the plant itself as glueosides, from whieh they 
are set free by specific enzym es at the dying of th€' ceUs. This 
fact is well-known regarding the myronates and tbe myrosine of 
the C1'uciferae, the amygdaline and emulsine of the Amygdaleae, 
the spiraeine, gaultherine and gaultherase of Spiraea. But lt holds 
good, too, for the cumarine of Aspel'ula odomta, which appears not 
in it a'3 sueh; hut as a glucoside, whieh hy necrosis continues unchanged 
and hen ce can be removed from the plant by boiling, while the1'e 
is besides in this plant aspecific enzyme, which by necrobiosis 
plOduces fl'om the glucoside cumarinf'. This enzyme i& not identic 
with emulsine and differs likewise from gaultherase. In a quito 
corresponding way the aromas originato from the fruit of thc 
vanilla and the roots of Geum urbanum. 

The comparative study of nccrosis and necroblOsis in plants shows 
the way fol' the detection of a nUlnbcr of ncw chromogenes or 
g'lucosides mul speeific enzymcs. 

Oonclusions. 

Indoxyl occurs not, I1S I formcrly thought, in a frce state in thc 
woad but as a loosc compound, cnUed by me isatan. 

Isatan is only COllstant in feebly acid solutions, and is obtaincd 
by extractillg the wo ad thcrewith. It is dccomposerl, under fOl'mat
ion of indoxyl, by alkalics and strongor acids, and in solutions, lrss 
acid than 1.5 cc. of narmal n.oid per 100 cc., by an onzyme, isatasc, 
which acts the most vigorously at 50° C., and oc('urs in all pm·ts of 
tho woad-plant. 

Isatan is not decomposcd by thc indigo-cnzymes nor by microbes
in as much as tho latter do not form alkali. Isata'le doe~ not lLCt 

Qn indioan. 
Isatase is looalizcd in the chl'omatophorcs, isatan in thC' protoplasm, 
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which is in itc('ordance with the fOl'merly desCI'ihed Joc!tJisation of 
the indigo·enzymes and of indicftn. 

If wo ad is extracted without acid, 80 that the isatase 'ean act, or 
with dilute alkalies, e.g. 1/2 pOt. solution of dinatrium phosphate, 
indoxyl is produced. 

The llecrobiotic stripe in partly killeu woad-leavcs reslllts from 
tbc action of isatase on isa.tan. 

Geology. - "'Plte Amount of fIle Oi"Cltlation of tllI3 Om,bonale ot 
Lime and the Age of lhe Eartlt". Il. By Prof. Euo. DUBOIS. 

(Oommunicated by Prof J. M. VAN BEMMELEN.) 

In my first communication on this subject I have quoted a num
ber of l'eliable data from which it follows that the waters of those 
rivers in whose drainage areas much Jimestone oceurs, as is mostly 
the case with the largcr rivers, are more than saturated with ca.rbon
ate of lime, when reaching the ocean. 

In consequence of their being polluted, to an extraordinary high 
degree, with ol'ganic matter, the quantity of caruonatc of lime in 
the waters of many rivers of that kind, whose drainage areas are 
very thickIy populated, in Europe and partly to~ in other parts of 
thc world, is larger than in the primitive condition, hefore man 
existed in largtl numher, th us dLU'ing aImost the whole past of the 
earth. In this respect I drawattention to the relatively higher quantity of 
carhonate of lime in such rivers as the Thames and the Seine, and 
also of the differf'llCe in that quantity betw<,en small and large rivers 
and lakes, as well as of some other facts showing the influcnce of 
tbe pollution of the water hy orglLnic matter on the relative qUILntity 
of dissolved carhonate of lime. The drainage water of soils, rich in 
humus, holds, for instance, cOllsiderably more carbonatc of lime in 
soIution than would correspond with saturation under thc onIy 
infiuence of the atmospherie carbonic acid. But uown the ('OUl'se of 
the rivers the last influence becomes hy fa.r the more preponderant. 

Taking into consideration that in general the quantity of carhonic acid, 
produced hy the decomposition of organic matter, increases somewhat 
a.t the Dlouths of the rivers, whcro mueh of that matter settles, anll 
starting from thc existing aDftlyses, it seoms to me that an avemge 
quantity of 95 mgrms. cal'uonatc of lime por litl'e of water would 
represent, on the whoIe, with approximative accul'aoy, tho primitive 
condition at the moulhs of thosc l'ivors whi('h havo been 80 laJ'g-ely 
in contact with limcRtone that theil' waters ('ould ho satuJ',ttorl with 
cal'bonate of lime. 
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This ample contact of flowing waters with lîmestollt1 Seen1s tö 
exist in almost every rusc, w110re truc sedimentar y fOl'mations pre
dominate in their drainage area, Where, on tbe contrary, crystalline 
silicate rocks prevail in the drainage area, the quautity of carbonate 
of lime in solution deel'eases in the river-waters to a more or less 
lower amount. 

According to the ànalyses by Kyle, quoted in my first paper, the 
Rio de la Plata keeps, 8 KM. above Buenos-Aires, per iitre of 
water only 23 mgrms. carbonate of lime in solutioll. '}'be drainage 
area of this large river consists fol' the larger part, by the side of 
Pampas·forrnation, of sandstones, Archean crystalline rocks and only 
little Palaeozoic rocks. Tl1e Amazonas, wbich, bctween thc narrows 
and Santarero, keeps, a('cordillg to the quoted analysis by Frankland, 
27.5 and at Obidos, somewhat up the river, according to two other 
analyses, by Katzer, 11.4 to 14.6 mgrms. carbonate of lime in solu
tlOn per litre of water I), drains principally regions of gneiss, sand
stolles and ('lays. Tbe same is the case with the Rio Pará (Toca,ntins), 
which, aecording to the analysis of a sample of the water from the 
11arbour of Pará, taken during very ]ow tide, keeps in solution 
12.4 mgrms. carbonate of lime per litre of water 1). 

Tbe waters of most of the rivers and river-lakes mentioned in this 
and in roy first coromunication, as ex am pies of tlle kind keeping 
fewer dissolved carbonate of lime in solution than the quantity cor
responding to saturation, have, ho wever, not been exclusively in 
contact with silicate rocks, but also with some limestone. 

The waters of 80me other, mostly small, river-}a,kes on t11e contrary, 
have not been in contact with limestone and derive the calcium 
carbonate they keep in soIution entirely from the decomposition of 
silicate rocks or the desintegration products of silicate roeks. Sueh 
are those from the Lake of Stttrnuerg, with 4.8 mgrms., Loch Katrine, 
with even much less than 4.8 mgrms., Reindocr Lake, with only u 
slight trace, and the Rachel-See, wJth 2.22 mgrms. calcium earbonate 
per litre of water; fUl'ther the five named small Fl'ench lakes with 
outlet, surrounded by granite and basalt, llaving a mean quantity of 
8.9 mgrms. calcium earbonate in solution per litre of water. 

For a comparison of the relative quantity of calcium carbonate in 
thc fivo latter small riv('r-lakes, draining regions of silicate rocks, 
with that of fivo cqually sma.ll Frcnch river-Iak('s, in whose dm,inage 

1) F. KATZr.It, Das Wass!'!' des llnt!'len Am1l701uLS. Sihmngsberichte der Kon. Rohmi
Bchrn Gesrllsch. d. Wissrllsch. Muth. IIl1tUI'lV. Cluss!'. Jllhrg. I SU7. Prag LS9S, N° XV 11, 
p. 3-6 and 8. 
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areas limestone abounds, and which arp likewise situaied on a high 
level, J have dressed the subjoined table 1). 

Ilmght above sea- Volume, CaCO" in rnglJlls. 
Lü.ps of level, iu M. iu m\llions of.Ml, pCI' htle. 

lssarlès 007 00.0 10.1) 

Pavlll 1197 230 15.7 

Gélaldmcr ~) GGO lO 5 75 

Chauvct 1106 17.3 /l.5 

Gor'iv elle-d' ell-llatlt 1 '225- 2.7 50 

Mean 89 

Paladlu 501 97.'2 150.9 

Chalaiu 500 46./l 1364 

Nnntua 475 40.1 155.5 

RemOlay 851 12.l 1820 

Sylnns 584 4.8 152.6 

Mean 155.5 

The mean relative quantity of Ca C03 in solution in tho lattC'r 
group is 17.5 times as high as th at of the first group ofriver-lakes. 

Concerning the waters of the rivers aud l'iver-Iakes, which have 
a l1igher relativa quantity of calcium cn,rbonate than thosc of thc just 
mentioned lakes in granite aud basalt, we can tmce in most cases 
thnt, although they flow over cl'ysta11ine rocks, they also have had 
an opportunity to dissolve sorne calcite. _ 

So in the cases of the Rio de la Plata, which contains 23 and 
the Amazonas, which contains 11.4 to 27.5, of thc Rio Pará, which 
kaops 12 4 mgrms. Ca COs in solution per litre of water, of thc 
Dwina with 20.2, the Delaware with 25, the Croton River with 

\ 

28.5, the Ottawa with 24.8, the Moldau with 19.4, the Uruguay 
with 16.2, Lake Superior with 30.8, Lake Tahoe with 23.2, Lake 
Bil,ilml with 40.1 mgl'ms. Ca 003 in solution per litre of wator. 
The Hudson Riv('r, with 42 mgrms., is morC'over connected through 

1) The fignres 11ele quored lirE' a150 taken or euleu1nted frorn the statements in 
DELr:DEQun's Lurs frl\llçni5 The rl'mlN \, Hl llolve noticed, thnt in the smnll table on 
]). 8 (51) of my nrst eommnnicution thc volumes sl\Ould ue in millio1l8 of M1. 

2) 'fhe IJlHlntity of CI~ CO;, givl'l1 here, which is ulso tuken from DELEBr.QUE'S Lacs 
f1l1l1çuis, conCE'tns the water of ttle slIrfvce, the formerly given the bottom water. 
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a channel with Lake Ontal'io, which is l'ich in dissolved carbon
ate of lime. For Lake Tschaldyr thera is not sufficient infor
mation available to judgo whether we have to think of the same 
mixtion with dissol ved Ca COs or that the l'elatively high quantity ot 
this matter is indeed to be interpreted by a particularly quick decom
position of siIicates, as supposed in my first paper. 

Fl'om all the available data it is evident that the quantity of 
calcium carbonate in solution in river waters is determined by the 
nature óf the rocks with which they have been in contact. Indeed 
a' great contrast is to be observed between the waters containing only 
the lixiviation produets of crystalline silicate rocks and those flowing 
to some extent over true sedimentary formations. In the latter case 
the contact of the waters with limestone proves almost always suffi.
cient to bring about a saturated. solution of calcÎllm carbonates. 

If we estimate that in regions comisting entil'ely of crystalline silicate 
rocks - all other circumstances being cqual - on an average a 
tentlt part carbonate of lime is ánnually carl'ied in solution by the flowing 
waters as in regions where limestone abounds, this estimate certainly 
remains rather below the real proportion. 

Assuming more over that the regions of the earth consisting of 
crystalline silicate rocks are on the whole in contact with as much 
ftowing water as those where only true sedimentary formations are 
found - an assumption we may make with safety, as appears 
from the comparison of pluvial with geological maps - and 
taking, furthor, according to the figurcs given by Tillo, that the 
crystalline silicate rocks cover the fOUl'th part of the land area of 
the globe, we fincl that the latter produce 9.5 parts carbonate of 
lime in solution at the same time as the remaining area of the land 
3 X 95 or 285 parts. According to this cnlculation the river
Waters which are discharged into the ocean contain on an average 
74 mgrms. carbonato df lime per litre and carry every year 2 
billions (or 2 X 1012) K,G. carbonate of lime into the ocean, a value 
already mentioned in my first paper, though not yet explained. 

Accordiug to this estimate the quantity of the calcium carbonate 
newly formed every year amounhl only to ~t thirticth (more exactly 
I/SI) part of the total quantity which the oceall receives evory year. 
Annually there are thus formed from silicates 64.5 milliards (or 
64.5 X 10°) K.G. of calcium carbonate, cOlltaining 28.4 milliard::; (or 
28.4 )( 10°) K.G. of CO2 in stabie combination. 

'j he earth having been evolved from a wbite hot liquid state, by 
cooling, and consequent envelopment with a soJid crust, to its 
present state, we must nssume that all the cal'bonate of lime arose 
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from the si1icates of that Cl·ust. Silicic acid, bcing pt'esent in very 
great surplus in the erust of the earth, wou1d, as is weIl known, al
ready at boiling temperature of water have decomposed eventually 
extant carbonates. The formation of thc crust, ho wever, must 
have begun about 1000° 0., for the melting-points of most silica
tes are between 9000 anel 1500° 0.1). The carbonates, therefore, can 
only have come into existence af ter the formation of a soIid crust of al
ready oonsiderable tltickness. As shewn by Lord KELVIN, rather soon 
af ter beginning solidification the temperature at the surface of the 
earth must have been almost excillsively under the infiuenre of the 
radiation of the sun. At the end of 100 years this temperature may 
have been about 8° O. higher, and at the end of 100 centuries 0.80 O. 
higher than without underground Jleat 2). We therefore may take 
it for granted that, considered from a geo1ogical point of view, the 
formation of the carbonates from silicates was initiated at the same time 
with the beginning of the condition of temperature, which made the 
earth an abodc fitted for life. 

H, therefore, we did know the average progress of this formation 
process as weIl as the total quantity of carbonates now extant, we should 
a180 know the time which has e1apsed since the earth became fitted as 
an abode for life. As roncerns the quantity of carbonates, besides 
the calcium carbonate, on1y the magnesium carbonate has to be taken 
into consideration; the other carbonates exist in relative1y so small 
q uantities, that in the very approximati ve calculations, concerned 
here, they may be neglected. 

The proportion of thc quantities of OOg in combination, as Oa 003 
and as MgOOs, is for the water of the Rhine at Mayence S) probably 
about 3.3, for that of the Meuse at Liege 5.08, of the Danube at 
Vienna 2.36, of Thames 4) at Kingston 8.33, of the Seine 5) at Parig 
5.17, of thc Loire 0) at Ollellns 6.62, of the Spree 7) above Berlin 

1) J. .Toly, The Melting Points of MineHlls. Proceedings R. lrish AcadeIJIY 
1891, H., p. 44. 

2) On tbe Secular cooling of tbe Ellrth. Transactions of the Royol Society ot 
Edinburgll, Vol. 23. Compnre nlso Lord KELVIN'S Iatest paper on tbe subject: 
On the Age cf the Enrth. Annual Address f'or 1897 of the Victoria Institute 
of Lonclon, p. 21. 

3) According to tbe analyses dnring a ye.lr by E. l~GGER (Uhemisches Centralblatt 
1888, p. 1131 ond Ref. in Jllblesbel·. uber (He Fodschritte der Cllemie. 1888, p. 2162.) 

4) WITT, l. c., p. 116. 

5) POGGJ.A.I,E, ref. in Jnlnesbel. iJher die FoItscJlritte del Chemie f!lr 1855, p. 833. 
S) BrsscuoF, 1. c., P 273. 
7) ROTH, I. c., p. 457. 

J 
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7.09 of fhe VistuIa 1) at CuIm 5.28 of the NjJe at Caïro pl'obably 
about 3.00, of the Blue Nile at Khartoum 1.97, of the Syr-Dal'ja 
0.96, of the Rio Negra!!) at Mercedes in Uruguay 5.44, of I.Jake 
Peipus 3.68, of the Lake of Geneva 3.08, of tho Lake of Zurich 3) 
3.92, of the 11ltke of Bourg'et 4.42, of the Lake of Annecy 5.69 of 
St. Lawrence River 2.66, of the Lake of Gmunden 2.97, of the 
IJuke of Saint·Point 4) 11.55. The mean proportion in these twenty 
waters, which flow over true sedimentary formations, and are satu
mted with calcium carbonate, is 4.63. If tbis proportion, in which 
bath carbonates are redissolved from sedimentary strata, a1so indicates 
the proportion in whieh they formerly originated in silieates, about 
% of the COJ eonsumed in the evolution of tbe earbonates would 
have been taken by Mg O. 

It appears to me that the following eonsidcmtions may lead ta an 
approximative estimato of tho quantity of tho oarbonic acid consumerl. 
aud fastened in these oarbonates. 

It is most probable that all the oxygen, which now par takes of 
tho eomposition of the atmosphere, and even more, has entirely 01'

ginated in carbonie acid gas through tho assimilation process of the 
plants. In the rocks eompo&ing the earth's cruRt thpre is a great 
defieiency of chemieally fixed oxygen, which wuuld not be tbe Ccl.se 
if in thc former, hot, state of tht' earth there had been ft sufficient 
quantity of oxygen avaiIable. According to 0LARKE'S analyses 5) 
the rocks which compose the earth's crust consist on an average of 
3.44 pCt. of Fe 0, thus an incompletely oxydized combination of iron. 
From the analyses of"83 basaIts and diabases, published hy ZIRKEL 6) 
and ROSENDUSCH 7), a mean percentage of 6 Fe 0 is to be ca1r\1· 
lated, from the a.nalyses of 29 granites a mean of 1.5 pCt., of -17 
gneisses a mean of 3.8 pCt. Starting from the proportioll g-iven by 
CLARKE we may estimate, that all the 0 of the atmosphere would 

1) BJSSCHOF, J. 0., p. 275. 
2) SCIIOELLER, 1. 0., p. 1787. 
3) HOTII, 1. C., p. 457. 
4) 'fhe Lake of Saint-Point, through which the Doubs flOIVS, ulld whose water, 

hoving II voIuml:' of 81,6 mHlions of },13., ls renewed in 2QS dnys, contllins, nccording 
to l>ELEBECQUE (Les Lacs flllllçais, p. 202) 136.4 mg'IIDs. UnCOJ per Wte of water. 

ó) J!'. W. UMltl(E, Thc relative AllUmlnnce of the Chemical Elements. Bulletin 78, 
United States Geol. Survey. Wnshington 1891, p. 37 /Iud Ibid. No. 148. 1897, p.12. 

G) Ii'. ZrRKEL, Lehrbuch der }'etrographie. Zweite Aullnge, T.eipûg 1893. Bund U, 
p. 29 !lnel p. DOl; llnnd lIJ, }J. 80 !Iud 223. 

7) H. lloSENBUSCII, EIemeote eler Gesteinslehre, !:ltuttg!Lrt 18!l8, p. 78, 308-309 
nnd 468-471. 

v 
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only ue sufficient to oxydize the Fe 0 that is contained in the 
earth's crust to a depth of less than 1/2 K.M. All the parts of the 
crust, which are no true sedimentary formations, up to the surface, 
are, however, rich in Fe O. 

In the reduction of carbonic ar.id through the plants there having 
been made free an equal volume of oxygen, and the oxygen in the 
atmosphere having a volume 700 times as large as that ofthe carbonic 
acid therein, thel'e must have been in or passed through the atmos
phere at least 700 times as much carbonic acid as it contains at 
present. Another quantity of the oxygen made free tnrough the 
agency of the plants, which -quantity it is impossible to estimate, 
was certainIy consumed for the oxydation of FeO and other consti
tuents of the crust which are pOOl' in oxygen. 

It appears, therefore, that wh en the earth was in the white hot 
fluid state there could not exist any free oxygen. That which was]lot 
combined with carbon or hydrogen would have been taken by FeO, 
and as there is still much FeO, eertainly to a dep th of many K.M., iu 
the earth's erust, apparentIy at the beginning formation of that crust 
no free 0 can have been in the atmosphere. The quantity now in the 
atmosphere must be rather Ie ss than that formed from the eonsump
tion of free CO2 redueed through the agency of the plants, for younger 
sediments are eertainly poorer in FeO, anel must therefore have con su
med O. There has, however, at the same time with that oxyelation, 
taken place rednetion of combinations of iron by organic matter. The 
clay deposited by the Rhine in thc Delta of the Lake of Constance 
contains, besides 1.66 pCt. organie matter, 3.23 pCt. Fe 0; slates from 
the carbonie formatidn, besieles 0.7 pCt. organic matter, 4.73 pCt. FeO 1). 
In consequence of this reduction again CO2 is coming into the atmo
sphere, from whieh again 0 is set free through the agency of the plants. 
80 from 1 volume of CO2, which originally was in the atmosphere, there 
may be formeel 2 or more volumes of 0 2). That reduction of Fe2 Os com
binations takes place on a grand seale is proven by the existenee of 
the blne mnd, which covers an area 37.6 mil1ions of K.M.2 Ol' more than 
1/10 of the floor of the oeean, and which owes its colonr to organic 
matter and Fe 82• Also the slates contain mneh Fe 0; as the mean 
percentage of 16 slates, of which the analyses are given by CLARKE, 

3.25 is to be eomputed. In the waters of the larger rivers and 

1) ROSENDUSCH, 1. c., p. 413. 
2) Of course only a superior limit Jor the umount of coul and other carbonaceous 

remains of organic origin in the earth's crust may be dednced from the 700 aparts 
of 002, which have pussed through the atmosphere, as the C of these has, in SUCll a 
)llanner, been made use of severul times, 

J 
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lakes, on the eontrary, aro to be founu in solution combinations of 
Fe20 S only. 

But whatever may be the souroe of the 002, from which thc 0 of 
the atriiosphere has been set free through the assimilation process of 
the plants - for another process, which ean produce 0 on a large 
scale in nature we cannot imagine - we must take it for granted, 
that an equal volume, that is at least 700 times the quantity of free 
002 now extant in the atmosphere, has been in it, and most probably 
has gradually passed through it. Now toa 'the supply of oarbonic 
acid, througb the volcanic activity of the earth (which certainly is 
the chief souree) and the consumption, through thc fossilisation of 
carbonaceous organic remains, and in still mach 11igher degree that 
through the formation of carbonates, which according to the ab ave 

1 
made estimate now annually requires 75400 of the quantity of carbonic 

acid in the atmosphere 1), take plac!3 graelually. In all past times that 
consumption, as is shewn by the immense carbonaceous formations 
of organic origin anel mighty strata of oarbonate rocks, has been so 
large that we hardly ean imagine but that this consumption and the 
supply from the interior of the earth have been equipoising processes. 

Now SCIILCESING 2) has shewn, that for water which koeps in 
solution other salts (of natrium, magnesium, calcium) the quantity of 
the biüarbonate formed may be different fl'om that formed in pure 
water, but that nevertheless, as in the latter case, jt increases with 
the tension of thc carbonic acid gas, so that there arises again a 
state of equilibrium between it and the tension of the carbonic acid 
gas. SCHT"CESING, furthe!', pointed out that in the water of the ocean, 
which since many thousands of centuries bas been in contact with 
the atmosphere and with the calcium carbonate of its fioor, its shore 
and the supply of the rivers, there is a continual tendency to acquire 
this equilibrium. Variations in the quantity of thc Cal'bOllic acid 
of the atmosphere will cause emission of carbonic acid from the 
ocean-water anel severing of solid cal'bónate, if the val'iatioJl is a 
decrease, or absorption of carbonic acid anel dis sol ving of carbonate, 
if the variation is an illcrease. SCHLCESING then calculated tho quan
titics of carbonic acid containocl in frec state in the atmosphero, ani!. in 

1) The amount of the carboaic acid in the atmosphere is taken in this calculation at 
2HO billions KG. (Ivhich vnlue is equal to 75400 X 28.4. 'millinrcl) from the nvernges 
stnted below for the percentage of cUl'bonic acid ancl the atmospheric pressure. 

2) TH, SCHLG.SING, Sur la cOllstallce de la ]JI'oportioll d'aaide carbollique dans 
l'air. Comptes renduB des séances de l' A.cudémie des Sciences. 1880. TOllle 90, p. 
14io-1413. -

9 
Proccedings Royal Acud: Amsterdam. Vol. UI. 
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]oose chemical combination in bicarbonate in tho orean. Ho found 
that the ocean keeps in reservo, and at disposal for exchange with 
the air, a quantity of carbonic acid ten times as large- as the total 
quantity which the atmosphere contains, and concluded therefrom 
that the ocean exercises a regulating influence on the qnantity of 
the carbonic acid of the air, acting as a reservoir which holds a 
quantity of carbonic acid at disposal very much larger than the quan
tity which constitutes the variation in the air. 

The volume of the water of the oceail is, however, much lnrger 
than SCHLCESING had assumed. Computed from the most recent and 
reliable data for the area ánd the mean depth of the ocean it 
comes to 1300 million K.M3. If we accept the mean quantity of 
100se carbonic acid of 43.6 mgrms. per litre of ocean-water, 3ccor
ding to DITT~!AU, the mean atmospheric pressure at the surface of 
the earth of 740 mMo and the mean percentage of carbonic acid in 
the air, in volume, for both hemispheres, according to MÛNTZ and 
AUBIN 1), of 0.027385, we find that in the ocean there is, in com
bination as bicarbonate, 26,5 times as much loose carbonic acid and 
also 26.5 times as much carbonic acid in stabIe combination as in 
the air in free state. Starting from the whole quantity of 55 mgrms. 
carbonic acid in stabIe chemical combination per litre of ocean
water, stated by DITTMAR, or from that of 53 mgrms., according to 
othel' statements, we flIrther find, th at in the water of the ocean 
33.4 or 32.2, say 33 times, as much carbonic acid is in solution, 
in stabIe combination in calcium carbonate and bicarbonate, as the 
quantity of the free cal'bonic acid contained in the atmosphere. Thc 
quantity of the bicarbonate, ho wever, alone is dependent DIl the 
pressure of the carbonic acid. 

There beillg' in the ocean 26.5 times as much 100se carbonic acid 
as cOlltnined in free state in the atmosphere, the ocean has of every 
variatioll in the total quantity of carbonic acid by fa.r the largest 
share. Of 27.5 parts carbonic acid which are to be élisposed of or which 
are consumod, it al ways takes or gives 26.5 parts, alld it has done so 
as long as Hs volume, its composition and its mean temperatul'e and 
the pressure of carbonic acid did not differ much frum the present 
state. 8light modifications of the pressure of carbollic acid, such as most 
pl'obaLly have only taken place, can neither have had any noticeable 
influencc. If, in fact, tho quantity of the free carbonic acid in the 
atmosphero oyon changed with 60 pCt., tho quantity ofthe carbonic 
acid takcn up by the ocoan in- loose combination, accol'ding- to the 

1 1. C., p. A 82. 
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law of SCHL<ESING, would only vary wUb 16 pOt. or about I;a. 
Oalling the quantity of the 100se COg in the ocean 0, that of the free OOg 

in the atmosphero a, we :find that ~ would come to 19.23 instead of 
a 

26.5. To 1 part of free COg in the atmosphere, the ocean ,,:ould 
then only contain 19.23 parts of loose 002 in combination as bical'
bonates, i. e. 0.725 of thc actual proportion. In order, however, to 
cause this variation of 60 pCt. in the pressure of the carbonic acid 
in the atmosphere, the production or the eonsumption should undergo 
a variatioll of 0.6 X 19.23 or more than 11.5 times the quantity 
of carbonic acid at present in the atmosphol'e. Variations of tbe 
quantity of earhonic acid in the atmosphere of so great an amount, that 

they might have considerabIe influence on tbe value.!!.. are therefol'e 
a 

indeed higbly improbable, as it appeal's tbat the consumption of 
carbonic acid regulates itself afteL the production. 

As pûinted out by HOGBÖM 1) prodllction of carbonic acid chiefly takes 
place by volcanic exhalations and geological pbenomena connected there
with, and consumption by the fOl'mation of carbonates from silicates on 
weathering. "As the enormous quantities of carbon ic aqid, represen· 
ting a pressure of many atmospheres, that are now fixed in the 
limestone of the earth's erust cannot be conceived to have existed 
in the air but as an insignificant fraction of the whole at any time 
since organic life appeal'ed on the globe" the consumption through 
formation of carbonates and the storing up in sedimcntary formations 
of carbonaceous remains of organisms must have been compensated 
by means of continuous supply, that is to say tbe two processes must 
always have nearly counterbalanced each other. May it be that the 
mentioned source of carbon ie acid has not fl.owed regularly, but, just 
as single volcanous, has had its periods of relative rest and intense 
aetivity, and bas produced now less, th en again more carbonic acid, 
on tbe other hand also an increase of the supply surely causes an 
increase of the consumption. But even the l'elatively slight alterations 
of the quantity of carbon ie acid in the air, whiC'h according to 
HOOBÖM may still be allowed, are elltil'ely prevented by the vege
table world. The decomposition of 002 through the green plants 
varics with the tension of that gas in 80 high a degoree, and the 
absolute quantity of COg which I:tnnually is deeomposed by the vegeta-

1) Quoted by S. AltltRENlUS, On the InflLteuce of Carbonic acid iu the Air upou 
the Tempernture of the Ground. Philosoph. MlIgnzine. 'Vol. 41, (1896) !Sth. Series, 
I 

p. 272. 
9* 
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tion is sa large> (namely abollt 1/20 of the whole quantity in the 
atmosphere) that soon tbe former percentage of 002 in the air, on 
which plant life is regulatcd, would be l'estored. -

On account of the facts discussed in this and in my fil'st paper 
we may assume, that certainly not more than one thirtieth part of 
the carbonate of lime, which the rivel's now discharge iuto the ocean 
is newly formed from silicates. In the past, when still more silicate 
rocks lay uncovered at the surface of the earth, this quantity must 
have been larger. At the time the earth'" crust consistrcl still enti
rely of them, the carryÏIlg of newly formed carbonatc of lime would, 
under otherwise similar circumstances, certainly not have been marl' 
than OM I'ighth part of tbe quantity of thc carbonate of lime now 
rarried by the rivers to the ocean, and which is by fal' tho greater 
part only circulating (l'edissolved) carbonate of lime. As the silirate 
rocks have gradually been covered with sedimentary strata that pJ'o
portion must gradually have gat smaller. If we take tho most simple 
and mOE,t probable case, that this decrease took pla.ce pl'oportionable 
to thc time, then on an average 0.08 of the present annual carrying 
of calcium carbonate by the rivers would every year have been newly 
formeel, thus 160 milliards (or 160 X 109) K.G., containing 70.4 
milliard (or 70.4 X 109) K.G. of 002 in stabIe combination. 

In the long run the consum ption of CO2 for the fOl'mation of 
carbonates from silicates and that for the formation of oxygon are to be 
considered as two procrsses, parallel in their magnitude, which, if other 
circumstances do not· vary, are dependent on the pressure of the 
carbonic acid in thc atmospherc. It is c]eal' that thc oxygcn which 
on]y circulates through the plants is not eoncerned hore, the cir
rulating oxygen again servillg' for tJle oxydation of organic matter, 
just as thc circulating calcium carbonate does not cünsume any 
cal'bonic acid, there being useel for tho formation of bicm'bonate as 
mueh as is set free ngaiu whell it retUlns iuto tho solicl state. 
However, ta 700 a palts af free ct:ll'bonic add, consumod for the 
storing up of oxygen, in the atmosphere, 26.5 X 700 or 18550 Cl 

parts must have been liberated from bicarbonates in the ocean, 
and thus at loqst 18550 a puts of carbonic acid in loose, amI an 
equal quantity in stabIe chemical combination ha,-o bocn in birar
bonates rcdissolved from solid carbonates. 

When thus at least 700 a parts of free carbonic acid in the atmosphere 
have b(>en tU1'lled into oxygen, thore must have been consumed in the 
watels of thc rivers and the occan at least 26.5 X 700 X O.OB or 1484 
aparts carbonic acid for the carbonates ncwly fornlOd from silicates. 
Thus we fiud that, from the time the globe, by cooling, has been 8U1'-

L 
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ronndeel by asolid crust, at least 7.22 tri1lion (or 7.22 X 1018) K .G. 
raleium CaI bonl'ltc ha\'c been formeel wbich, equally spread over tbe 
whole area of tbe land of tbe globe, would be able to form a 
layer of limestone everywbere about 20 M. tbick 1). Of course tbis 
is only a minimum, as the value 700 a a1so is a minimum. Accord
ing to tbe estimates of MELLARD READE 2) aurl DANA 3) the mean 
thicknes3 of the limestone under the land area of the globe would 
be 28 to 52 times as large. Assuming that tbe rivers carry to the 
sea on an average 450 mgrms. per litre Ol' 6 times as much matter 
in suspension and in solutioll as tbey do carbonate of lime in solu
tion, this propol'tion would lead us to impute to the sedimentary 
rocks under the continental are as an average thickness of allout 
3000 to 6000 M., certainly no too high estimates. 

The time required for the evolution of that minimum amount of 
carbonate of lime from silicates it is, aftar these considerations, very 
easy to estimate. 

In the same way as the quantity of the bicarbonates in the ocean, 
tbe average quantity of the birarbonates in the river-waters is depen
dent on the pressure of tbe carbonic acid in tbe a:tmospbcre. So thc 
1'afio between thc averagc quantities of tbe bicarbonates, whicb tbe 
rivers have annually carlied into the ocenn, and the total of those 
wbich were in solution in the ocean is independent of the pressure 
of tbe carbonic acid in the atmosphere. Whatever variations the 
pressure of that gas in the atmospbere may have undergone, at any 
time in the past history of the earth the ratio between the quantities 
of those salts in solution in the ocean-water and the river-waters 
was not chang'ed tbereby. :Further tbere must exist between 
tbe total quantities of the redissolved and tbe newly formed 
bicarbonates, which in the ocean bave ever passed from the 
dissolved into the solid state, the same ratio as in the river
waters, for the ocean-water owes its provision of those salts 
to the rivers. As now the rivers carry annually two billion KG. 

caldum cn.rbonate in solution, containing _1_ a carbonic acid, a 
2432 

total amount of 18550 X 2432 or 45 million times that quantity, 
in combination in calcium carbonate, has in the ocean passed from 
the dissolved into the solid state. 

1) Reckoned on n bnsis of 8 pCt. impurity. 
2) Limestoll.e ns nn index of Geological 'rime. Proc. Roynl Soc. Vol. 28. London, 

1879, p. 281. 
/3) L. c. 
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Therefore the formation of the whole estimated minimum amount 
of carbonate of lime on the earth would require ab out forty-five 
millions of years, that of the real amount, however, a very much 
larger lapse of time. 

1 
It appears, furthermore, that 2 0 0 of the tobtl quantity of 

.770. 0 
the carbonate of lime of the earth participates annually in the present 
circulation. 

The amount of carbonic acid corresponding to the Iimestone rocks 
and carbonaceous formations in the earth's crust has been estimated 
very differently, namely between12.000 and 15.0000 times the quantity 
of free carbonic acid contained in the atmoRphere. The newest 
estimates differ somewhat less from one another. HÖGBOM 1) considers 
it as probably underestimated, jf we take that 25000 as much 
carbonic acid is fixed in the limestone of the sedimeutary formations 
as exists in free state in the atmosphere. DANA 2) calculates the 
quantity of carbonic aeid, corresponding to the limestone and to the 
eoal, mineral oils and gasses in the eal'th's erust on 45 atmospheres, 
that is 100.000 times the quantity of free carbon ie acid in the atmos
phere. CHA:r.mERLIN 3) estimates, without indicating his methad, that 
qual1tity on 20.000 to 30.00U a. At all events these geological 
ostimates all differ too much from thc minimum of 1484 a, calcu
lated above uy indirect way, that thc presumptioIl should not 
been raised - if in deed the bases of these estimates are in some 
degree reliable - that the value 700 a, from which the present 
caleulation started, is only a minimum, and that il1deed very much 
oxygen from the atmosphere has been taken away by oxydation of 
substances in the earth's crust which are pOOl' in oxygen. 

On the calculated number of 45 millions of years same corrections 
are to be made. Firstly this number should be diminished with at 
least a sixth part, because the carrying of carbonate of magnesia 
through the rivers has not been taken into account. Seeondly the 
eroding agency of the ocean has not been considered; the ocean too 
assailing, at its border, silicate rocks and the forming of carbonates 
taking place th ere toa. But thereby tbe number cun deerease only 
little) as the eroding infl.uence of the ocean is but slight eompared 
to the agency of the waters on the ]and. DE LAPPARENT 4) estimates 

1) l. c. p. 271. 
~) J. D. DA~A, MfillUnl of Geology. Fourth Edition. New-York 1896, p. 485. 
3) T. J. CHAMBERLIN, JournnI of Geology, Chicago 1897, p. 656. 
~) A. DE LAPPAJtENT, Trnité de Géologie. 4me JtditioJl. Paris 1900, Tome J, p. 242. 

I 
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th e proportion on Ie ss than 1 : 10 and .J OL Y 1) even on 1 : 117. 
ThirdIy the rivers may have discharged more water during the 
prevailing of warmer climates, thus during the longest time of the 
past of thc earth. Neither can this influence, by which the stated 
number wouid get smaller, have been considerabIe, for, according 
to figures given by MURRAY 2) the rÏvers under the present condi· 
tions discharge - at equal drainage area _. in the area of the land 
between 30° North and SO° South of tbe equator on an average 
on1y 1.55 times as much water as outside of tbe 30° N orth and 
Soutli. It therefol'e would certainly be too bigh an cstimate assuming 
that, at the time wben over tbe whoie earth a tropical climate pre
vailed, the discharge of water, and therefore too tbc carrying of 
calcium carbonate (which at higher temperature of the water is even 
somewhat less solubIe) bad been one and a half time as high as at 
present. Fourthly the weatbering of sDicates and the formation of 
carbon at es may have been more rapid on acr.ount of tbe temperature 
having been on the whole highèr, of a more abundant supply of 
earbonic acid or of more rapid cllanges in orographic and hydrogra. 
phic conditions. These factors too wouJd diminish tbe stated number, 
but probably not considerably. Fifth1y the ocean has originally been 
less salt; tbough already in sueh oId fOl'mations as tbe cambrian 
mighty beds of rock-salt occur, a proof that in this factor is not to 
be sought the cause of important changes in the absorbing power 
of the ocean for carbonic acid, and therefore, by modifying the pro
portion 0: a, of the time required for the fOlmation of the limestone 
rocks, a modification that would a1so diminish the stated number. 
SixthIy a hig'her average temperature of the OCetUl-water would decrease 
the propol'tion 0: a; at a homogeneous tropical climate of the earth 
probably about 20 pCt., with which amount the estimated time also 
would have to be diminished. Seventhly the volume of the ocean-water 
could have decreascd; but the analyses of the rocks show that in 
such a manner at most a decrease of a few hundredths parts could 
have taken place. On the contl'l1l'y much water is produced in 
volcanie exhalations anel connected geologie al phenomena. 

All those influences, he wever, which would àë..-;:ease the Tosult 
of this time estimate, apparently do not counterbalance togt3t!lijr the 
one influence of the loss of oxygell from the atmosphere by the 
oxydizing of .Fe 0 and similar substances pOOl' in oxygen, so that 

I) Àu Estimnte of the Geological Age of the Enrtb, Scientific l'rausactions I{oy'. 
Dublin Society. Vol. VIT (Series H). Dublin 1899, p. 63. 

2J 1. c., p. 10. 
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it appears, that we may assume, that thc formation of the earbonatcs 
from silicate rocks has required at least some dec up les of millions 
of yem's, and this the earth's erust also cxists at least the same 
length of time. But this is a minimum i the real lapse of time 
sinec the formation of a tlolid erust and the appearance of life upon 
the globe may be more titan a thousand million of years. 

Tbis final re sult of the investigation, hOWeV81' little claim it may 
make to exactness, might nevertheles8 interest gcologists and biologists, 
who generally demand such a vast space of time. Moreover this 
result would be of some importance, if it should suggest nearer trial 
of the so called physical methods of estimating the age of the earth, 
by which Lord KELVIN has acquired unperishable merit for geology 
and biology, a trial whicb in lllany otber ~espects too is desirabie and 
promises important results. In his aJready quoted latest paper on this 
subject 1) Lord KELVIN estimates the age of the earth's crust, on_tbe 
basis of these methods, at about 24 millioll'l of years, and the sun he 
estimates about as old. It seems possible to modify some frlctors in 
tbe caleulations of Lord KELVIN in sueh a way that 1ligher rellults 
are obtained. Tho hore skotcbed gC'ological modlOd appears to con
firm that opinion. May it theroforc bo further workc>d out and 1(':1<1 
to a more exact ostimatc of the agc of thc cal·th as an abode fitted 
for living bcings than the estimatcs hitherto obtained. 

Zoology. - u Further resuUs of an illvestigation ofthe Monotreme· 
skull". By J. F. VAN Bml\Il\IE1EN, 'rhe Haguo (Communicated 
by Prof. C. K. HOFFl\IANN). 

1. Pa late. 

ln a former note 2) the curious fact was mentioned, that in the 
Echidna-skull thc pterygoids form part of the fiool' of the cerebral 
cavity, filling up a gap between the hody of the sphenoid bone and 
its posterior or temporal WillgS (alisphenoids), so as to be visible on 
the inner side of the skull-bottom. To this we may now add, 
that the same is the case with the palatine bones. In a skull, iu 
which the majority of the sutures could still be distinctly traced, a 
slender porterior process of the palatine was seen running down on 

1) On the Age of the Enrth, Pi 11 and 25. 

2) These Proceedings. October 25th 1899. p. 81. 



- 137 -

( 131 ) 

either side of the sphenoid body, separating it from thc ptÛl'ygoid. 
Both palatine and pterygoid took part in the formation of the median 
border of the oval foramen, the palatine forming the anterior, the 
pteI'ygoid the posterior part of this border. Only at a very advatlced 
stage of growth, the lateral border of the fommen in question aIso 
gets closed up by bone, i. e. by that th in bony plute, which in my 
opinion must be considered as representing the alisphenoid (l.c. p. 82). 
The antero-median angle of this ossification reaches the posterior 
hOJ'der of the curious temporal Willg of the palatine, likewise men
tioned in my first note. 

Of course only that rart of the palatine is visible at the inner 
side of the skull-bottom, which is not overlapped by the bony of the 
sphelJoid. This part aillounts to about the lateral third of the pos
terior palatinc prOOeSSlll::l (situated behind the temporal wing). Thc 
middle strip is covered by the side-boJ'der of the corpus sphenoidei, 
w hile I the inner Ol' medial thil'd-eart pl'ojects as far as the middle 
line of the skull formillg the fiool' of the nasal canals. lt is well
known, th at in Echidna this fiool' is incomplete, the palatine plates 
diverging posteriOJly, so as to leave open between them a deep fis
sure which how('vel', in Pl'oëchidna, is redllCed to a mere concavity 
of thc transverse hind-boraer. 

lt needs hardly to be specially mentioned, that the participation 
of membrane-bones of the roof of the buceal cavity, such as the pala
tines and pterygoids, to the formation of the fiool' of the cerebral 
skull, can only be explained by the supposition th at the primary 
cartilaginous skull-fIoor had suffered complète reduction within the 
limits of these bones. At the same time this hypothesis gives an 
explanation of the fact, that tbe aJi-sphenoids do not reach the cor
pus sphenoidei: the cal'tilage, that was to bring about this connoc
tio!! having disappeared early instead of ossifying. The same phe
llomenon must have occurred Oll the outer side of the region of ptery
goid..s and palatines, leading to tbe formation of the great gap or 
fontanella in the temporal area of the skull-waIl, which is so cba
racteJÏstic for young Eehidna-skulls. The alisphenoidal ossification, 
which finally closes up this gap, must thus develop in membrane, 
and must permanently Tflmain separated from the corpus sphenoic1ei. 

The probability of this supposition receives a firm support by 
the comparison with the skull of thc Echidlla.pollch-sllckling. This 
shows the primordial cartilage still in situ under the osseous ptery
goids and palatines, though it is totally absent in the regioIl of the 
above-mentioned temporal fontallella. 'rhe final disappearance of this 
cartilage, leading to the entrance of pterygoids and palatine-pJ'ocesses 
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into the composition of tbo skull-f1ool', must tberefore oecur at a 
relatively ad\'anced stage, at all events after birth. 

II. Squamosa Z. 

In a recent publication 1), Prof. V. SrxTA, has made a comparison 
botween the skulls of tbe Monotremes and that of Psammosaurus 
g-riseus, and has come to the conclusion, that the former agree with 
tbe - latter in most respects, notably in the possession of a quadrate 
bone. In Ornithorbynchus this bOlle is said to bear tbe glelloid 
surface for tbe under-jaw, in Echidna, on the contrary, it is said to 
form a bony bridge on. tbe ventral side of the stylo-mastoid fOl'amen. 

In order to verify the correctness of tbis assertion, I once more 
looked over my material of young and adult Monotreme skulls, but 
I was not able to find any trace whatever of a separate quadräte 
bODe, Dot even in the slrulls of newly-born (or still unborn) suck
lings. Moreoyel' the osseous bridging over of tbe stylo-mastoid-foramen 
mentioned above is no peculiarity of Ecbidna alone, but occ~urs ,as 
weIl and in tbe very same spot in Ornitborhynchus, witb only tbis 
restriction, that it does not completely surround the ventral side of 
the foramen, but leaves open a small gap at the meclial side . 

. lf therefore this bone-bridge did really represent the Reptilian 
quadJ'ate, the same desig-nation could never be ~pplied to a far more 
laterally-situated part of tho Ornithorhynchus-skull. In my opinion 
however we have no right at all to consider either part of the Mono
treme skull as a quadrate: thr. gleJloid fossa of Ornithorhynchlls 
simply forming the ventral face of the sguamosal, whereas thè bony 
briàge undt'l' the facialis-foJ'amen of both genera is a part of the 
mastoid, and must be called the processus mastoideus. SIXT.A., in 
Ornithorhynchus, calls it the processus pal'amastoideus, which name, 
according to my views: is wrongly applied as it must be retained 
for an outgl'owth of tbe exoccipital (pleuro-oceipitale or occip. 
laterale) occul'ring in many mammaIs, and lIOt be g-iven to a part 
of the mastoid. 

1) SIXTA, V. Vergleichelld-osteologische U lltersuchung üher den Bau des Scbädels 
von Monotremen und Re}Jtiliën. Zoologischer Anzeiger. Bd XXHI N°. (ilS. 23 April 1900. 
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Chemistry. - "On Soap Sol1dions." By Dr. A. SMITS (Commu
nicated by Prof. H. W. BAKHUIS ROOZEBOOM). 

Determinatiolls of the boiling point of concentatred solutions of soap, 
made by E. KRAFFT 1) in BECKMAN'S apparittus, have lead to the 
surprising result that the boiling point of a concentrated solution of 
soap is identical with that of pure water. 

On account of this phenomenon, KRAFFT has pl'oposed to clas
sify soaps among the colloids, which induced L. KUILENBERG and 
O. SCHREINER 2) to investigate aqueous solutions of soap in a physico
chemica} direction. 

They first of all applied the method of boiling, but they found 
in agreement with the experiments of KRAFF1', that, when using 
J3EOKMAN'S apparatus, a concentrated solution of soap boils at the 
samo tempel'ature as pure water. If they did Dot apply a dil'ect 
fiame but heated by means of a paraffin bath at 125°, the boiling 
point was 0.1910 lower than that of pure water. 

From these obsorvations they came to the result, that they were 
not dealing here with a simple boiling phenomenon and called the 
boiling of a soap solution "Pseudo-Boiling". 

Abandoning the method of boiling, t11ey have determined the 
electrical condncti \'0 power of dilute solutions of soap at 25° and 
have fonnd that these solutions are all good conductors of the 
electric rurrent, from which they have nghtly concluded, that these 
soap solutions cannot be cla'3sed among the colloids. In my opinion 
they have, ho wever, overlookod the significance of the dllution. The 
greatcst concentration mentioned in the tables amounts to lh gram 
mol. per litre in the case of sodium oleate, whilst it amounts to 
1/64 gram mol. for potassium stem'ate and 1/10 gram mol. per litre 
for potassium palmitate. 

Greater concentrations could not be investigated at 25° on account 
of gelatinizing setting in. They &tate to have convineed themselvcs 
that solutions of soap containing more than 1/4 gram mol. per htre 
are good conductors of the electric current at temperatures at which 
they are Iiquid but they do not say how gl'eat those concentrations 
have been. 

KAHLENBl!JRG en SCHREINER have also detel'mined the lowcring 

I) Ber. d. d, chem. Ges. 27, 1747 (1894), 
Ber. d. d. chem, Ges. 28, 2566 (1895). 
Ber. d. d. chem. Ges. 29, 1328 (1896), 

2) Zeitschr. f. Phys. chem. 27, 552 (1898). 
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of the freezing point of dilute solutions of sodium oleate. Thc 
greatest concentration was 1'8 gJam mol. per litre. The resnJts 
o lJtainpd md teate th at the in vo"tigated sol utions oon tained oou blr
molecules. 

In a subsequent treatise entitIod: "Ueber das Sipoen wässerigel' 
colloidalel' Salzlosungen" 1) in whieh KRAFF'f says nothing abollt 
the resemcl1es of KAHLENBERG and SCHItEINER except that they 
ure llhöchst unzweekmál'sig ausgeführte Versuebe", he communicates 
a series of boiling point determinations of different more or less 
coneentrated solutions. Tbe genera1 febult is that concentrated 801u
tions of soap have tbe same Doiling point as pure water. In order 
to prove that the bolling of the soap :3olutions proeeeded normally, 
a bmall quantIty of sodium chloride was added to the bOJling solu
tion aftel' which a normal elevation of the boiling point was 
generally notieed. 

As KRAFF'l', to prevent burning, "as obligeu to introduce into 
his boiling vessel large glass beads at a height of only 12-15mM. 
instead of a 5 cM. layel' of "shot", the boihng water must have 
been consldmably superheated. 1'0 aVOJd this error I have made 
some boiling pomt determinations of solution of sodium palmitate 
with my reeently described 1l0lling apparatu& 2). Superheating or 
bllrning is eompletely avoided wh en using this apparatus. 

Tho sorlium palmitate used by me was prepared from very pure 
palmitie acid aeeording to KRAFFT'S method. Tbe soap eontained 
8.26 per cent of Na, theory reqluring 8.27 per cent. 

It was to be expeeted that, with the new method of boiling, the 
soap solution would froth dreadfnlly. By various deviees I have 
tried to limit this frothing so as to prevent tbe Jather from leaving 
the boiliug ;ressel but I have not been aule to find satisfaetory means 
and so I fiually did not trouble about the l,ttber. 

Af ter the maximum temperature had oeen rend off, a Iew were 
pipetted out of the bOlling' "essel and weighed. The concentration 
of this weighed solution was determincd by warming with an exeess 
of standard sulphul'ic acid, until the palmitir acid had completely 
melted and separated on the surface of the liquid. When eold, tbe 
solution was filtered and the exeess Of sulphuric acid titrated with 
standard potassium hydroxide. 

I experienced all the same th at the frothing of the soap solutions, 
when experimenting in this manner, was a great nuisance particularly 

1) Ber. d. d. chem. Ges. 32, 1584 (1899). 
2) Proc. Hoynl Acnd. Amsterdmn, May 26, 1900 p. 31. 
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when dealing with concentrctted solutions, hecause the frothing is 
then so exC'essive that, unless the steam IS passed exceedingly slowly 
through the solution, hardly any wiJl be left in the boiling fiasko I 
have, therefore, heen ohliged ta pass an extremely slow cUl'rent of 
steam pal ticul.uly when dealing with more concentrated solutions. 
The result is consequelltly less acC'urate than I drsil'ed. 

In tbis way. I found: 

SODIUM PALIIIl'rATl.:. 

CODcelltratlOll 
EIevatloll of the Bodmg Mol elevatlOll of thc BOlhng 

In 

per 1000 gr. of H20 
pOlllt pOlilt. 

gr mols 

00282 0024 8.6 
q 

01128 0045 40 lt) 

d 
0.2941 0.050 ] 7 8 .... 

0 

0.5721 0060 1.0 Z 

From tbis it is seen that the moleculal' elevation of the boiling 
point cGutinually lowers with the inrrease of the concentration. 

The annexed gl'aphic replesentation shows that the curve of the 
mol. elevahon of the boiling point approarhes tbe C'oncentration axis 

9 
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'" -: 1 
~ 
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COIlcentratlOl1 

I 

0,4 

I 

'- -
0,5 0,6 

'fa tl'ace the point wbere this curve practically meets tho COl1~ 
centration axis. I ought to have determined the balling point of 
still more conrcntlatcd solution, but when cloing this in the manne!' 
d!.'scribed the intense fL'Othing is sllch a lIuisanco tlmt I was obligcd 
to ab,tm[on the plan. 
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In order to study tbe behaviour of more concentrated soap solutions, 
I have appliecl the methad of vapour tension. For that purpose one 
of the bulbs of a Bremer oil-tensimeter was fil1ed with sódium pal
mitate and water and the other with pure water. Aftel' the instru
ment had been evacuated by means of an automatic mercury ail'
pump it was seaIed, furnisl1ed with a glass scale and placcd in a 
waterbath the tempel'ature of which was kept constant at_SO°. In 
this mannel' the decreasc in vapour ten sion of th ree different con
centrations was determined. 

The results were as follows: 

SODlml PALMITATE. 

Concentration Decreaso of Vapour tension 

in in 

gr. mol. per 1000 gr. of H20./ m.m. lIg at 0° 

1.00 0.00 

0.75 0.50 

o 50 1.30 

Whilst therefore the soap solution of 1 gram mol. concentration 
appeared to have the same vapour tonsion as pure water, the de
creaRe of tbe vapour tension became larger when tbe concentration 
hecame smaller. It is plain th at with a continuous decrease of the 
concentration it wiJl reach a maximum and then finally fail again 
to zero. 

We now have sufficient data ta state the probable progressivc 
change of the rnolecular elevation of the boiling point. 

The curve representing the change wiJl have about the following 
form and, therefore, have a in-Fig. Il. 

"- • 9 flection-point. 
Q"~ 8 I++-+-+-H-I-i-t--H-:+-H--i-t--+-t-H-.§l ~ As regarels the explanation of 
lä' ~ this progressive change, I think 
~~ ~ tb is must be founel in the stl'ong 
~.s ö diminution of the hycll'olytic dis-

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0;9 1,0 sociation of the soap when the 
COlleentration concontration increases. 

The hydrolytic dissociation at thll concentr,ltion of 1 gram mol. 
is practically nil. which is alt)O proved by the exceedingly small 
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alkalinity of this concentratec1 Boap solution. At this concentr,ltion 
we, therefore, have only a soJut;on of tlJe nOl'mal salt which does 
not seem to caURe all elevation of the boiling point or ft decrease 
of the 'vapour tension. 

SU1nl1'lal'y of the Results. 

It has been demonstrated hy a combination of thc mcthods ot 
bailing point and vapour tension that solutions of sodium palmitatc 
below the concentration of 1 gram mol. per 1000 grams of H20 
cause an el eva ti on of the boiling point aud ft decrease in the vapour 
tension, which startin,:s from the concentration 0 must reach a 
maximum to again become 0 at about a concentration of 1 gr. mo1. 

'rhis progressive change which hitherto had not been carefully 
studied may be explained hy the appearing and again disappearing 
of the hydl'olytic dissociation. 

As a concelltrated solution of'sodium palmitate has the boiling 
point and vapour tension of pure water, it may be rightly conc1uded 
with KRAFFT that this conccntrated solution is colloidal. 

KAHLENBERG and SCHREINER faund that both dilute and concen· 
trated solutions are good conductors of the electric current. From 
the foregoing it is plain that dilutc solutions should be so. Coneen· 
trated soap sollltions will probably be bad conductors of electricity. 
It will, however, he ,'ery difficlllt to prove this fact as for this 
purpose Ull absolutely pure matcl'ial is ,'cquired. 

Amsterdam, Chem. Lab. University, June 1900. 

Geology. - "Lepel'diNa baltica Bis. sp., tlteir Iderdity witlt 
Lepel'ditia Eicltwaldi Fl". v. Schm. and tl/eir being fow~d Ïlt 

Groningen diluvial el'ratics. By Mr. J. H. BONNEMA (Commu
nicated by Prof. J. W. MOLL). 

In his Miscellanea Silul'ica I (Mém. Acad. St. Pétel'sbomg, VU 
Série, Tome XXI, N0. 2) alld Miscellanea silurica III (l\1.ém. Acad. 
St. Pétersbourg, VII Sél'ie, 'rome XXXI, N°. 5) Mr. VON SCmfID'1' 
desC'l'ibes i. a. Lcpel'ditia baltica. His. sp., which then had not yet 
been found in the Hussian Bc1ltic provinces, hut are frequently met 
with in Gotland in stones, whose age corresponds with that of tho 
Lowor Oesel Zone. He also ellumerates the characteristics of a ncw 
species, viz. Leperditüt Eichwaldi, which are dcclared to occur in 
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dolornites of tbe N ortho1'n coast of Oesel, belonging to tbe Lowe1' 
Oesel Zone. 

Now, wben in the oollection of sedimentary e1'ratics f1'órn "Honds
rug", that are found in the Geological Museum at Groningen, I 
gathered, in accordance with th is description, the remains of Leper
ditia Eichwaldi FR. v. SCInIIDT, it struck me, that they were repre
sented by l'ight valves only. 

Attentive reading proved to me, that other persons had arrived 
at tbe same conclusion and seen the same phenomenon. I found 
that in the "Zeitschrift der Deutschen geologisch en Gesellschaft" year 
1891, pag. 489, Mr. KRAUSE makes mention of a few right valves 
belonging 'to his collection, which val ves he classes with Leperditia 
Eichwaldi. MI'. Kmsow too, in the "Jahrbuch der Känigl. Preuss. 
geologischen Landesanstalt für 1889" describes on page 91 only a 
right valve of this species. 

At the same time I observed, that of the species Leperditia baltica 
Hjs. sp. man)' left valves (which may directly be lmown by the 
transverse striae on tbe outer part of their inverteo. ventral plate) 
are found in the above-named eolleetion, but that right valves 'were 
very rare. 

lt seemed most improbable to me, that all this should bave to be 
ascribed only to Chance; the more so as in a few erratics, in which 
both left and right valves are found, the former were said to be 
Leperditia baltica and the latter Leperditia Eichwalcli. 

I supposed, therefore, th at Leperditia Eichwaldi FR. v. SCHlIlIDT 

and Leperditia baltica Ris. sp. bad better be united. The cil'cum
stance, that they are of tbe same age, waR entiroly in accordance 
with this. 

Tbe very first thing I did was to try to explaill, why transverse 
striae should be wunting on the ventral plate of tbe left valves of 
l,ep. Eichw., by which the latter, according to Mr. VON SClDUDT, 

are distinguished from the left valves of Lep. 'baltica. An explana
tion was soon found in the cil'cumstance, th at tbe chief material of 
Mr. VON SCHMIDT consióted of Rtone-kernels (casts) of Kiddemetz: 
for wh en I made a longitudinal section o'n the transverse striae of 
thc ventral plate of n. lcft val ve of Lep. lJaltiea, I fuund that the 
elevations on the lowcr side are not answered by corresponding 
gl'ooves on the upper sirle. Conscquently, no tI'ace of strokes will be 
present on tbe cast. 

Aftel' this, I traccd the difl'erence betweqn the l'ight valves of 
these two Leperditiu-specics. Accol'ding to Mr. VON SCHlIUDT this 
difference consibts in the right valvcs of Leperd. Eichw. being' penta-
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gonal, as it has an obtuse projection in the midst of its bellY-l:!ide. 
I found, that Mr. VON SCHMIDT had afterwards changed his opinion 
with regard to this. In "Einige Bemcrkungen über das Baltische 
Obersilur in Veranlassung der .Arbeit des Prof. W. DAMES über die 
Schichtenfolge der Silurbildungen Gotlands (Mélanges géologiques et 
paléontologiques tirés du Bulletin de I' Académie impériale des sciences 
de St. Pétersbourg, Tome I Livraison 1) he writes on pag. 124 the 
words, whose translation into English runs as follows: "The right 
valve of the pectinata (Lep. baltica) shows a more or less distinct 
projection in the centre of the belly-side." In accordance with this 
was the fact, that at Kiro (southward of the country-seat Tagamois) 
in Oesel, which place is also mentioned by VON SCHMlDT on page 
123 of the same essay Lep. baltica had been found there - I had 
come across a l'ight valve with a clearly visible projection. 

Consequently I arrived at the conclusion, that Lep. Eichwaldi 
FR. v. SCHM. had to be united with Lep. baltica Ris. sp. 

Not without satisfaction I now percieve, that Mr. VON SCHMIDT 
already shares my opinion, in part at least. In the above-named essay 
he tells the reader on page 133, that some of the specimens of 
KIDDEMETZ, at first described by him as being Lep. Eichw. belong 
to the Lep. baltica . 

.As far as thè form of the cal'apace !S concerned, Lep. baltica 
(Lep. Eichwaldi included) of ten resembles Lep. arctica Jones, sketched 
and pictured in Ann. and Mag. Nat. Rist. Serie IIl, Vol. 7, page 87, 
PI. VII figs. 1-5. The eye-tubercle of this latter species is howevel', 
surrounded by a rhombic blot. The valves of Lep. baltica are thiek 
and the sides are usually but slightly arehed. They frequently run 
up regulal'ly towards the centre, and consequently they become flat
conie. They show rathor distinct points, which are put into a net
work of grooves, running out of the middle blot. The anterior and 
posterior margin run up ratber steep. .A flat marginal rim on the 
anterÏor and posterior bordcrs is usually not to be seen; it is clearly 
pel'ceptible only in large right valves, and the most clearly on the 
anterÏor margin. 

As was already said uefore, the right valves possess in thc middle 
of their ventral border a more or leas strong projection, in consequence 
of wbich they become rather pentngonal in form. In those places, 
where tbe right valves of Leperditia grandis Schrenok has a round 
aperture, we find here several slit-like ones, tbe llumber of which 
is not easily fixed. In one case I count ten in front, in another I 
find six on tho back-side. 

The left valvc may immediately be known by the transverse slit-
10 
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Jikc elevations, that are found on the outor part of the lower 8ide 
of the invcrted ventral plate. 

The Groningen errat1rs, containing remail1'3 of Leperditia baltiea, 
are limestones, varying between yellowish-grey and yellowish-brown. 
In these stones, or in others of exactly the same nature, are also 
found remains of Encrinurus punctatus Wahlenb. sp., Pl'oetus con
cinnus DaIm. sp, var Osilicnsis Fr. v. Schm., Calymene tugerculata 
Brünn., Cypbaspis elegantuIa Lov. sp., Bumastes barriensis Mureh., 
Beyrichia spinigera Boll, Primitia seminulum Jones, Primitia mun
dula Jones, Strophomena rhomboidalis Wilk. sp., Strophomena imbrex 
Vem. (non Pander), Atrypa reticularis L. sp., Zaphrentis conulus 
IJindstr., Halysites sp. and Tentaculites sp. This proves sufficiently, 
that these erratics are of the same age with the Lower Oesel Zone. 
The comparing-material at my disposal does not enable me to come 
to a positive conclusion with l'e~ard to theil' OIigin. 

Botanics. - "Contl'ibutions io tlte h-nowledye of some undescl;ibed 
or imper{ectly lcnoum Jil!lngi" (lbt Part). By Prot'. C. A. J. A. 
OUDEMANS. 

On entering upon the task which I have undertaken, I wish to 
expre::.s my kind thanks to Messis. C. J. J. VAN IIALL, Candidate 
in Botanics and Zoology at the Amsterdam University and Assistant 
to Professor Dr. J. RITZEMA. Bos; Mr. C. J. KONING, Chemist at 
Bussum, one of my farmer disciples and author of an essay published 
by VAN HETEREN (Amsterdam) and ENGELMANN (Leipzig), and en
titled: "Der Tabak. Studien über seine Kultur und Biologie", 
dedicated to Prof. Dr. J. FORSTER, Straatsburg, and to Mr. C. A. G. 
BEINS, private person at Nunspeet, who in different ways have helped 
me to facilitate th at task, as weIl by the collecting and s(lnding of 
objects, and the yielding of their observations there about, as, and 
this l'egards Messis. VAN HAIJL and KONING by their putting at my 
dispor,ul their drawillg-pen and penciI, where I wanted these to elucidate 
here and there the text of my contribution. I highly value that 
help and al1l fully confident that in future it will not be donted me. 
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I. .~!Ij () 0 111 " (J E '.1' cl. E. 
PYRENOMYCETAE. 

Sphaeriaceae. 

a. Phaeodidymae. 

DIDYMOSPHAERIA Fuckel. 

1. DIDYMOSPJIAERIA RHODODENDRI Oud. n. sp. - On branrhes 
of a cultivated exotic Rhododendron; Wassenaar, 1894. 

Perithecia fere destrurta. Asci perfecte cylindracei, subsessiles, 
116 X 7 ft, paraphysibus quam plurimis filiformibus olmtllati. Sporidia 
obliqua monosticha, umbrina (Sacc. Chromotaxia, nO. 9), bilocularia, 
cyJindrica, ad polos rotundata, "ix constrieta, 14 X 4: - 5 ft. 

b. Phaeophragmiae. 

LEPTOSPHAERIA Cesati et de Notaris. 

2. LEPTOSPHAERIA GENISTAE Oud n. sp. On the pods of Geni:,ta 
anglica. - Nunspeet, 2 Jan. 1899; Mr. BErNS. 

Perithecia innato- erumpentia, in maculis pallescentibus vulgo 
aggregata, nigra, 1/5 mill. in diam., vertice p. m. depresso perforato; 
asci cylindracei, breve pedicellati, 8-spori; sporae distichae, amoene 
fllscae, 2-septatae (3-Ioculares), ad polos rotundatae, absque appen
diculis, 14-18% X 4:% ft, loculo intermedio leniter inerassato. 

Sporulis 2-septatis a pluribus affinibus descissit. 

3. LEPTOSPHAERIA PHLOGIS Oud. n. sp. - On ihe Ieayes of 
Phlox deCl~s8ata, cultivated at Dedemsvaart, 10 Nov. lSUS. - Sent 
by Prof. Dr. RITZEl\fA Bos. 

Perithecia parva, sparsa. Asci cylindrtwco-clavati, curvuh, sessiles, 
46 X 91/3 fl. Sporidia disticha, cylindracea, curvllla, ad polos 
obtusa, 3-septata, loculo penultimo antico ccteris ampliore, fuscidula, 
23-25 X 4- 5 ft. (PI. IV fig. 1). 

4. LEPTOSPHAERIA VAGABUNDA Sacc. Fgi Ven. Ser. lI, 318; 
Sacc. Mycol. Ven. p. 97 et tab. IX f. 37-46, sub titulo erroneo 
"Sphaeria fuseella/'; Sace. Syll. lI, 31; Fabre Ann. Sc. nat. 6, IX, 
89; Berlese leones Fung. I, Fase. lI, tab. XLV f. 1; Penzig, 
Funghi Agrumicoli p. 30 et tab 1144 B; Winter Kr. Fl. lI, 465; 
Oud. Ned. Kr. Aroh. 2, V, 482 et 2, VI, 33; Oud. Rév. lI, 288. 
(PI. I fig. 1). 

Ramirola. Pcrithecia cOl'ticola, sparsa vel aggregata I nigra, 
115-1/2 milI. in diam., depresso-sphaeroidea, ostiolo parulll vel ncqua-

10* 
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quam prominulo, primitus pp,ridermato tecta, postremo exposita . .A.sei 
cylindl'itceo-clavati ( d), breve stipitati, vertice rotundati, paraphy
sibus filiformibus copiosis obvallati, 8-spori, 132-154x22 ft. Sporidia 
distioha, primitns continua, hyaIina, fusiformia, 4-guttulata; denique 
aeque hyalina, 2-locularia, ex partibus dimidiis conoideis conformata, 
singulis biguttulatis, basi sua si bi invicem arcte applicatis et coarc
tatis, infm apicem obtusum paullo collapsis; postremo cylindraceo
fusiformia, fusceseentia, quadriIocularia, ad septa constrieta, recta 
vel curvula, nune eguttulata, tune vero 100ul0 uno aIterove g'uttula 
praedito, ad polos obtusata; sporidia hyalina 13%" colorata 221/ 2 ft 
longa, ultima praeterea 4% ft~lata; utriusque generis in iisdem 
ascis mixta, quum varia evolutionis stadia representent. Sporidia 
immatura mire simulant ea plurium specierum Diaporthes. 

On branches of Tilia. Bussum and elRewhere in "het Gooi". 
Mareh, 1900. Mr. C. J. KONING. 

Though this fungus has long been known already, we have yet 
reserved a place to L. va,qabunda in tb is essay, 1 st because we 
have to give some particularities from the life of the fungus itself; 
2nd as we wished to sketch the changes which its presence brings 
about in the more profound tissues of Tilia, and 31d because wo 
wanted to drawattention to the relmIt of some experiments per
formed by Mr. KONING about the nature and virulence of the poison 
secreted by the mycelium of the fungus. 

The infection of branches of limetrees by the spores of Lepto
splzaeria vagabunda manifests itself hy small black spots on the sur
face of the green, or brown-Ied, glossy young branches, of which 
the youngest intel'llodes are first attacked. They are shorter- or 
longer-oval, a half to one and a half centimo long, and some millim. 
widc, and in the middle they always show one or two white dots. 
By·and-hy the black colour changes into a dark hrown and the 
spots take the appearance of solid, hrittIe scales, which af ter shorter 
or longer time isolate themselves from the surrounding parts to 
resem bIe little isles which are separated from the rest hy a circle
shaped groove, and finally also let 100l:le tbe tissue underneath and 
faIl ofl'. Microscopie examination points out tbat they eonsist of flat 
table-shaped, brown air-hearing eells, and that their colour is due 
as weIl to a change of the cell-walls, as to a modification of their 
contents which is condensated to a shrivel1ed massa The white dots 
are lacunao, filled with colourless, loosely contiguous globose celJs, 
i.e.lenticels whieh, as in many other trees and shrubs, take the 
place originally occupied hy a stoma. 

Thc l'esult of th is resealch, combined with the appearance of the 
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black spots, (lan lead to na olher view but tbat tbe stomata or 
lenticels are the localities where the SpOl'eR of a farmer generation 
came down and germinated, anà that the germinal tubes secrete a 
poisonous substance which caused the above described changes. 

It was obvious that these germinal tubes and the thence proceed
ing mycelium-filaments ought to be found out. On the very fil'st 
preparpd transverse sections of the black spots and the tissue undel'
neath, it seemed, ho wever, that tbis end eould not be gained. Very 
rarely a mycelium filament came into sight, sa that the impression 
arose that a deshuction, as figured all OU1' plate: was not in the 
least propnrtioned to the number of germinal tubes or mycelium
branches wanted to bring about sa much mischirf. Meanwhile, 
however, aftel' the knife had been introduced in other directions, 
and in particular in a tangential one through the spots, and more 
inwardly, more and more filaments we re disrovered, so that the 
proportion between the damage orcasioned, and the ei1.USe of it, 
appeared in a quite different ligllt from what had been supposed 
at the beginning of the l'psearch. 

Before coming to this result, rather mueh time had ho wever got 
lost, apparently uselessly, and that in consequence of the trouble 
whieh it gives to reeognise the mycelium filaments. They go creep
iog in the interceIlular canals, but are sa extremely thin and 
quite colourless, so that they are not to be distinguÏl:,hed from the 
healthy ceIl-walls between which they make their way. OI1ly aftel' 
having got arquainted with the finely granulous contents of the 
mycelium filaments, by the use of stronger lenses, the task becomes 
lig'hter, and when, finally, thc celI-walls of the surronndiug bark 
tissue have begun to change colour under the action of the poieon, 
it may be said that the research affords no more difficulty. 

Here attention should be dl'awn to an accidental particularity 
which, previous to the examination of the diseased Tllia-branchcs, 
might weIl have disappointed our expeetations. This, namely, con
cerned an investigation of diseased branches of Negundo f1'axinifolia 
- an ash-tree frequent in gardens - which, by the thickness of 
the mycelium filamellts, the brown tint of their walls, as weU as 
by the presence of transverse partitions, combined with tbe accom
panying nodated appearance in some places, had much more qnickly 
carried us to onr end. Under the impression of these observations 
our resparch of Tilia had begno, and so it was not to be wondered 
at that at first we thought it much more trollblesome to get on, 
than later it pl'oved in reality to beo 

There can be DO doubt but the changes, whieh are ohserved as 
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well in the tissues situ,lt0d neal'el' to a'l in those Î,uther from the 
mycelium-filaments, anil to which belong l~t the decolot'ation of the 
balk- aud bast-parenchyma-cclls, of the phJoem-layel's, of~the medul
lary l'ays, and of the wood-parenchyma, and 2nd the killing or 
liquefactIOu of those tissues, are causcd by the more and more 
inwardly penetrating mycphum-branches and thi& in such a scuse 
that by them a substllnce is secreted - an enzyme - which, as 
a poison for living plant cells, exerts a deadly influenoe upon them. 
The original cOlltents of the cell grow unrecognisable, anel are replaceel 
by a brown-red shapelesc; preeipitate, which pl'oves indifferent to 
number of reflgents (alcohol, ~ether, kalIum chromate, ferrichlol'id, 
caustic kah, ammonia, mtric- and sulphuric acid) and can but he 
dccoloured by a few oXldlsing substanecs, as ft mixture of kalium 
bichromate anel sulphuric a.cid, or c1H'omic ac:d. Thc poi'loU leaves 
the bast fibres uncoloured auel, in as much as can be ascertaincd 
hy miclOscopic observation, unchanged. 

In order cxpel'imentally to demonstrate the pl'cl-oence of apoisonous 
substance, Mr. KONING proceeded as fo11ows: 

He cut out some hundreds of hlack spots from young Tilia-bark, 
crushcd them fine under addition of 20 clVP. of stcrilised water and 
fiJtered the viscous hqUld through a ChamberlclIld-Pasteul'-candle. 
The filtrate amounted to 7 c,M3. and was of a lIght yellow colout'. 

With it branches llnd sections of branches of a healthy Tilia 
wpre treated i the former by longitudinal incisions with a flamed 
knife plunged in the liquid, or by l11Jections, the latter by submerging 
"ith the liguid in a watch·glass or an experiment tube. 

Expelimentfl in both directions with bterilised Wetter and bmk sap 
of healthy Tilia-branches served for control. The result of these 
proc!'edings was aftel' 8 days for the incised and injccted branches 
and of 2 X 24: homs for the sections: 

"that wh at had been treated with sterilised water or with healthy 
hark sap, h ld rernained uncoloured, but thai the wound edges of 
the incised or injected branches on one hand, and the flat sicles 
ot the sections on the other, had suffered a brown, albeit light, 
colouring". 

Another, later performed experiment, qUIto corresponrled with the 
ahove described. It concellled some lwalthy Tllia-branches, cut oir 
wIth the necessm y pi ecautlOns and of whlCh some were placed in 
the filtrato of healthy, same 111 that of dlseased TJlla-bark. Af ter 
3 X 24 hours the poison proved, as mi~ht be expected, to have most 
posittvely exertl'rl its mfluence, as the oJÏgmal colour of the branches 
ll!uc('d m pure liquid, hno remamed uTlehnnge,l, lA hiJst that of the 
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branches whieh had been plunged into the illfeeted sap had ehanged 
from light bl'own-red into dark hrowll. 

The perithecia of Lpptosphael'ia vagabunda develop in the bark 
parenehyma, but gradually they make their way to the surface of 
the branches where, accordingly, they arc then found, like the pycnidia. 

The former are much more numerous than the latter and appeal' 
either at the surface of the scales, or at the wound edges, or in 
groovDs and eavities. They have solid, blaek walls and a smaH 
ostium, with or without papilla, and contain numeroua narrow club
shaped 8 spore<l asci. Their width or diameter averages from 1/" 
to 1/2 mill. The spores are 132 to 154 ft long and 22 f.l wide an(l 
show so mueh difference in appearanee, according ta their age, that 
one might of ten be inclined to believe in the existence of two different 
Pyrenomycetes. By this characteristic Leptosphae1·ia vagabunda is 
casily reeognised among the numerous RpeCIes of the genus. 

In the very youngest period of development the spores are spinale
shaped, colourless and one-eelled; somewhat later there appears in 
their middle a tranbverse partition ; still later the two halves take 
the form of a very obtuse coue, but "hich, at a third of its hejght, 
appcars cOl1stricted and then consj'lts of a pulvinatc under- anel ft 

knob~sbnped upperportion; moreover in eaeh of the two portions 
appeal' two superposed drops of 011. 

J3etween earh two drops now a new partitlOn makes lts appear
anee and accordingly 4, instoad of 2 locu]aments, arc obsel'\'ed. Thcn 
the sporcs again assume their original form, the drops disappear, 
the deeper cOllstrictions are replaced by superfieial ones and the 
spindIe shape shows itse]f again. Now, however, the spores have be~ 
come 4 celled am1 have got a light olive tint, which both chamc~ 
teristics secure the Fungus its p]ace among thc species of Lepto
splzaeria (ibid. g). 

Notwithstanding the virulence of the poison produced by the 
mycelium of Leptosplwel'ia vagabunda, which brings about the 
destnlCtion of an infected blanch, nUl'sery-men are not afraid of 
th is parasite, beeause, aeeording to their experience, the diseased 
parts are pushed oif, and, as they say, the tree outgrows the evil. 
The justness of this observation is supported hy the faet that Tilia 
belongs to the trees whieh regularly, first in the depth of the batk 
tissue, af tm wards in that of the bast, produee cork-layers whirh 
exclude all beyond from the supply of water and thus abandon it 
to dessieation. Tlle thus InUed ti'lsue, in whieh the fungus had 
nestled, is sooner or later pushed oif, Ol' at }(lftbt lClldered harmIess, 
anel the absence of "tomata and lentirels at the surface of the now 
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exposed parts, deprives thc spon'" of cvery opportunity agnin io 
infect the branches. 

Besides a few perithicia cut through our figure shows at the 
outside of the section a pyl1nidium cut throug-h, i. e. a spore-fruit, 
in which only free spores are to be seen but none enclosed in 
asci. This fruit has all the properties of the genus Plwma, hut 
was not hitherto rhstinguiE.hed 3S a species. I call it therefo!,e P1IOma 
Tiliae and assign to it the following properties : 

PH 0111 A TILIAE n. sp. Perithecia primo peridermate velata, d(>niqlle 
hoc rupto semilibera, subsphaerica, nigra, tandem vertice perforata, 
154-225 ft in diam.; sporuláe ellipticae, continuae, hyalinae, ad 
polos rotundatae, 4.5 X 2.7.u. Differt a Ph. velata Sacc. et Phoma 
eommuni Rob. sporulis enucleatis et multo minOl'ibus (4.5 X 2.7 ft 
contra 10-12 X 2.5 ft et 6-7 X 1.5). 
j, This Plwma belongs most probably to tbe cyclus of development 
of LeptospltafJ'ia vagabunda, i. e. is most probahly produced by the 
same mycelium filaments as the aseus-hearing form, but earlier. The 
proof for this supposition would be procured if from one and the same 
mycelium both forms of spore-fruits were seen to come forth; or, if 
from the spores of either form the second was seeu to originate, or, 
]astly, if none of either forms were ever met with separately (unless 
hy high exception), but eonstantly in eompany ofthe other. Hitherto 
these phenomena rould not be stated, RO, thc last word is not yet 
said about the relation between the two mentioned forms. 

In the course of this paper we have already inferred that the 
nursery-man does not care for thc infection of hic:; lime-treE's by 
Leptosphael'1'a vagabunda, as the diseased parts are thrown off ani! are 
not replaced by new ones. Meanwhile it remains advisable to render 
the iufected branches harmIess as the npe spores of both tbe peri
thecia and the pycnidia, might afterwards again show their drstructive 
power, and as it cannot be determined beforehand whethel' the in
fectious matter might not spread further, than JJaS been observed 
till now. As to myself, among the thin branchJet<::, I sometimes 
met with much thicker OllOS, which ~ad not a littlo suffered of the 
Leptosphaeria-disoase. 

EX P L A NAT ION aFT HEF I G URE S. 

Plate I. Fig. 1. - Paltof tlanSVel"se section of a one yeal 's hme tree 
bi anch, mfected by Lepto8phaeria vagabunda Sacc. 

The colomless spaces alepiesent the bast bundlesi (3 blOwn, in ladial 
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diredion extendirlg medullary rayl:l, of whieh some upwards fan.shaped 
elated; 'Y a fan-shaped elated pOltlOn of a medullary ray with a eolourless 
mycelium fil.tment and destroyed tissue, 

a. Two peritheeia with asci and paraphyses. 
b. A perithecium with asci and paraphyses separately. 
c. Young ascus. 
d. Ripe asei with spores and paraphyses. 
e, f. g. Spores of different ages; e. and f. 2.celled, uneoloured; g. 4.-celled, 

coloured. 
h. Pycnidium of Phoma Tiliae Oud. 
i. Branchlet at the beginning of the disease. The black spots with white 

dot in the middle are distinctly seen. 
j. Branchlet in a later period of the disease. Instead of the black spots a 

scale is seen (the highest) and a wound aftel' the scale is fallen off. 
k. Older, knotty branch, upon which some closed perithecia (l). 
m. Lenticel, out of which a mycelium filament has penetrated more 

deeply and has occasioned decolouring of the bark-parenchyma ceUs 
and destruction of tissue. 

Fig. 3. Piece of lima-tree bark cut transversely to show the detaching 
of a diseased part (a) from the still healthy. more profoundly situated (b) 
portion. At c the cOJ:k layer is seen which has brought about the separation 
between diseased and healthy tissue. 

c. H y alo p In' ag m i a e. 

5. METASPHAERIA TAXI Oud. n. sp. On the leaves of Taxus 
baccata. - Nunspeet, 18 Sept. 1898; Mr. BEINS. - Perithecia 
epigena, valde numerosa, gregaria, l/S _1/6 mill. in diam., continuo 
sub epidermide ahscondita, tar.dcm prominentia, vertice perforata, 
nigra, carbonisata, applanato-globulosa; nsci c]aviformes, I:.\aepe CUl'

vati, 65 -70 X 9 -10 /-l, paraphysibus filiformibus obvallati; sporae 
8, distichae, cO]01'e destitutae, lanceolatae vel obovato-lanceolatae, 
3-septatae, ad septa non constrictae, 18 - 23 X 4% - 51/ 2 /'. , 

d. Die t y 08 P 0 l' a e. 

6. PLEOSPORA NEOUNDINIS Oud. - On thc one- to three years' 
bl'ánches of Negundo fraxinifolia and californica, of ten in company 
of Pltoma Negundlnis Oud. - March, 1900. Bussum, and elsewhere 
in »het Gooi". - Mr. C. J. KONING. 

Ramicola. Perithecia gregaria, primo epidermate vel peri dermate 
tumidulo velata, postea papilla apicali, postremo toto corpore expo
sita, globoso-depressa, l/s-V", milI. in diam., papillata, nigra, glabra, 
contextu parenchymatico, fuligineo. Asci cylindracei vel cylindraceo
clavati, subsessiles, vertice rotundati, 120-176 X22-23 p, para
physibus paullo 10ngioribus obvnllati, octospori. Sporidia disticha, 
oblonga, medio leniter constl'icta, utrimque rotundata, 25 - 35 X 
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12-16 /-" l)J'imo hyalina, l-septatn, mOK flavescentia, 3- _et 5-, 
postJ'emo mellen, 7 -septata, atqu0, 10Clu]amentis in terseptalibus fere 
omnibus septis 1 vel 2 loug'itudinaliter donuo divisis, muriformia. 
A Pleospom Gilldiana Sacc. (Fgi ital. del. tab. 330 ct Bel'lesc 
Icon. Fung. vol. lI, fase. 1, tab. XX f. 2) diffort ascis latioribus 
(23 peontra 14-15 p), sporidiis distiehis neque monostichis, roetis 
nequc curvatis; abscntia hypharum basilarium expositarnm. -

The above de::;cribed fungus causes mueh damage ta the plants 
which it attacks and destroys, and loss ta thc cultivator. According 
to informations obligingly affordcd to Mr. KONING by Mr. JAC. 
8.lIflTS, nurscry-man at Naarden, the phcnomoua of thc disoaso 
manifested thomselvcs for the first time in 1898, on p1ants, cllltivatod 
on soiI, dcprivec1 of sand. On argillaeeous and sandy soils tboy 
were not oLserved as yet, In most cases, the varü'gatcu specimens 
of Negundo have much to suffer, though, as an execption to tlle 
rule, it is wOl'th mentioning that in the 11ursery of Mr. VImSTEGEN 

at Naarden, p.m. 500 M. disFant from that of Mr. S.~UTS, specimens 
of Negundo caUfornica, with purely green leaves, we re attack!3.d hy 
our Pleospora. On the var. Kostel'iana of N. fraxinifolia, and on 
the aurated variety of the latter, the rlisoase was not seen hitherto. 

On branches, older than thl'ee years, the Pleospora does not OCCUI'. 
TIle nusery-man is usually not awal'e of the dise:1se before St. John 
(21st -June), whieh does not prevent, however, that in September 
ensuing many may be dead already. 

Pleosporll Negundinis Oud. and Phoma Negunndinis Oud. seem 
genetically ta belong to each other. Usually they are founu on the 
same braneh (PI. I, Fig. 2 d and a and Fig. le, land m) and in 
eaeh othm"s vicinity, in Wh1C11 case the pcrithecia of the former are 
recognised by their larger dimensions and loos er dispersion, those of 
thc latter by thoir smaller dimensions and more compact crowding. 

The peritheeia of Pleospo1'a Negttndinis are eaneealed in the bark
parenehyma, but with dried twigs, by the shrinking of the softer 
parts, they seem to repose on thc bast-bundles. At their root, hidden 
1ll the pal'enchyma, are seen numerous brownish mycelium filaments 
whieh spread aronnd and ramificate (cl). In our figures is seen under 
the same eircumstances a Phoma-pyenidium (a) and a bundIe of 
brown, uplight filaments (b) of a bluck mouid, all supported by 
hidden myeelium-hyphae, which cannot be distinguished from those 
of tho Pleospol'a-pel'ithecia. These filaments, like those of Lepto
sphaeria, secrete a poison, and cause a modification, though appar
entIy not equally i mpOltant, of the contents of the pal'enehymaeells 
of the bark and of those, situated in the direetion of tho medullary 
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rays. The discased spots (h) grow, ut the surfdce of Iho branches, from 
green to l'eu-brown, over lal'ger Ol' smaller cxteut:l, in accoruallce with 
the bark-pal'enchyma, situated under the epidermis which, however, 
though likewise red-brown, keeps a lighter tint. If a branchlet, 
spotted by the disease, dies (h), the red-brown colour turns of a 
gray one, though the tint of the mycelium continues unchangt'd, 
and on the sharply marked SpotR the peritlu,lcia, of ten preceded lIy 
pycnidia, are se en to appeal'. On the dl'awing, the reJ-brown tint 
is not represelltefl, for thc very reason that it was borrowerl fmm 
a dead branchlet. Some ('ells - those containing chlol'ophyll -
h:tvtl till IlOW escHped tllP influence of the poison. 

Tissue-element:) of all abnormal coloul' frequently appeal' in 
Negundo at places where no myceliumfilament:3 are found, BaRt
and phloem-bundles seem to l'esist the inflllence of the poison. 

The largest Pleopospora-perithee.ia are found at the oldest inter
nodes, so that it seems not doubtful hut these organlsms req uire 
much time for their complete development In accordance with this 
is the fact, thnt the ]arger perithecia may qUlte have thrown off the 
peritlerma abovo them, while with the smaller and younger Oll('S 

this protecting layer is still extant allel is only perforated by the 
pttpilla perithecii. 

Of dcstructiolls in the shape of resorption of tissues anel the appea\'
ance of caverns, quite differently ft'om Leptosplzacl'ia ~'agabunda 
on Tilia, nothing is observed. NotwithstJ.nding this the poisonous 
power of tho Negundo-fungus is much more vigorous than that of 
the Tilia-fungus, as is proved by the fact, that, accol'(ling to the 
experil3nco of Bursery-men, the on\!o infected Negundines are vowed 
to death, while the 'lYilias; as they say, ovelgrow the evil and 
persist. , 

The disease of the Negundo-branches is, as in Tilia, announcecl 
by ]ocal deeolorations of the cork-tissue, upon whieh first roel
brown, and later pale(l, black-encil'clen dots become visible. 
By-and-by the said dots bogin to wrinkle anel to detach from the 
]ower bark parenchyma. Meanwhile tiny, black, eorpusculae appeal' 
through tho peridormis and gratlually increase so much in height as 
to attain this memhl'ane. 13y the pression which they exert on it 
the surface of the bmnchlet g'l'OWS somewhat uneven, until the 
papillae of the perithecift perforate the periderma. In this shte the 
asci and spores, which had been illtroduced into the inside of the 
porithccia, havo lIot yet athined thei1' ful! g'l'owth. Only when their 
diameter is increased to about %, mill. these organs are not soug'ht 
in "ain, so that then ft comm('llcement can be made with thei!' de-
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scriptiolJ and measurement. As wc formerly inferred alrcady, the 
ripe spores som{ltimes are oblong-clliptical, sometimes club-shaped, 
nnd have a yellow or yellow - brown ('olour. In well-developed 
specimens are found 7 partitiolls and a superficial constriction on a 
third of their height. Usually the foremost half, i.e. the one turned 
to the summit of the ascus, is a little wider than the b!,-ckpart. 
Each loculament is divided by one or two longitudinal partitions, 
into smaller ones, so that the whole bears some resemblance to a 
brick wall, whence the expressions : "Sporae muriformes", "Spores 
muriformes", "Spores murées", "muriform spores". There are spores 
whose longitudinal partitions lic in each other's direction and together 
form a stmight linc, but there are others whcrc 1 and 2 partitions 
alternate in the successive loculaments. 

The infection in Negundo does not occur through intel'ference of 
stomata, but probably through that of wounds, fonnd near tbe foot 
of the leaf-buds, and without doubt caused by tensions during thc 
growth. There at least are commonly found thc first abnormally coloured 
spots. Other places are not cxcluiled, probably, however, wounds will 
th era, too, have given access to thc spores. 

If we survey the results to which have led thc investigation of the 
Tilia- and Negundo-diseases, we find that they agree in so far as: 

!St • they are caused by Pyrenomycetes: the Tilia-disease by Lep
tosphaeria vagabunda, the Negumlo-diseasc by Pleospora 
Negundinis ; 

2nd• in both of ten lower fruit-forms, sneh as one or more kind., 
of pycnidia and Demafieae, precede the perithccia; 

3rd • in both, not the fruits (perithecia or pycnidia), but thc myce
lium-filaments are the producers of thc cvil; 

4th • in both by these filaments a poison is sccreted, which in 
Tilia - and most probably also in Negundo - persists in 
its action, even af ter filtering through a Chamberland-Pasteur
candle, so, deprived of all solid components, and that conse
quently in both cases thc nearest cause of the disease of the 
plantcells must be ascribed to the action of an enzyme; 

5th • in both cases the same portion of the bark (the parenehyma) 
is aft'ected, and the phloem-fasciculac seem beyond the noxious 
inflnence of the mycelium-filaments. 

Both diseases, on tbe other hand, diffcr from eaeh other, in as 
much aB: 
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1 st. the mycelium-filaments of the 11ilia-disease are colourless, 
devoid of partitions, very thin and delicate and so not easily 
perceived, while those of the Negundo-disease unite a brownish 
tint with the possession of partitions and a great solidity, 
and accordingly attract more the attention ; 

2nd• the volume of all the mycelium filaments jointIy, when com
pared to the space in which they are spread, is much smaller 
for Tilia than for Negundo j 

3rd • the enzyme of thc Tilia-disease acts more locally, that of 
Negundo also at a distance; the former can give rise to ligue
faction of tissue, the latter not. 

EX P L A NAT ION 0 F TH E F I G URE S. 

Plate I, fig. 2. - POltlOn of a tlansvelse sectlon of a one year's blanch 
of Negundo frax~nifoha (Acer Negundo), attacked by Pleospora Negztndinis Oud. 

a. Pycnidium with Phoma Negundini8 Oud. 
a'. 'rhe same, separately. 
b. A bun dIe of unripe hyphae of a Dematiea. 
c. Coloured mycellllm. 
d. Penthecium. 
cl'. The same, magnified. 
e. Ripe asci. 
f. Paraphyses. 
g. Mycelium. 
f'. Spores. 
h. A dying more-yems' branchlet. 
i. Dying brown fragment of balk. 
j. Dead colomless fragment of balk. 
k. Dead branchlet. 
1. Perrthecia with asci. 
Tn. Pycnidia of Phoma. 

SCLEROPLEA. n. g. 

Genus Pyrenomycetum e familia Sphaeriacearum et e sectione 
Dictyosporarum, generi "PIcospora" proximum, tarnen ab eo distinctum 
perithecio duplici: uno nempe interiol'e (spurio) tenuiore, incompleto 
(i.e, sursum hiante), e cellulis rotundatis composito, ascos sporigeros 
et paraphyses fovente; altero exteriore (vero) crassiore, magis resis
tente, nigro, carbonaceo, stmto parenchymatoso hyalino, satis volu
minoso, a priore distincto. 

7. SCLEROPLEA CLIVIAE n. sp. - Perithecia innato-erumpentia, 
subgregaria, sphaerico-depressa, calva, 0.5 milL }n diam., summo 
apice I tantum supra epidermidem pl'ominenlia et coriaceo-carbonacea; 
asci cylindraceo·subclavati, in pedicellum brevem et crassum abrupte 
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desinentia, octospora, 100-140 X 15-35 ft, paraphysibUfJ longiori
bus articulatis obvallati; sporae distichae, ful vo-flavescentes, elliptico
obovatae, utrimqu<, obtusissime rotundatae, muriformes, 7-, rarius 
6-septatae, loculis interseptalibus omnibus, ultimis tantum vulgo 
cxceptis, septis 1 vel 2 long itudinaliter divisae, ad septum medium 
constrictae, parte dimidia allteriore parum tumidiore, 35 X 10 - 12 ft ; 
paraphyses ascis paullo longiores, articulatae. 

On the lea~ es of cultivated specimens of Olivta nobilis. December 
HW9. Hees near Nijmegen. 

In the Meeting of the section~ of 28 November 1896, a paper 
was presented by me, entitled: "Notice sur quelques "Ohampignons 
nouveaux", which was published the !)th December of the same year 
in the Proceedings of the Meeting. To the still unlmown Fungi, 
discussed in this paper, belonged aIso Ohaetostroma Oliviae, orwhich 
on pag. 226 of the said Proceedings an accurate deseription is found. 

'rhe plant, attacked Ly Ohaetostroma was the well known Clivia 
nobilis, and the diseased specimen, sent me by Professor Dr. J. RITSEMA 

Bos, grown in the garden of Mr. GERRI~'SEN, at Hees, near Nijmegen. 
Having aftel' the 28th of November 1896 heard' nothing more of 

diseased Oltvia-Ieaves, I received, on the 27th December 1899, aecompa
nied by a letter from Mr. O. J. J. VAN HAIJL, Candidate in Botanics 
and Zoolog'Y and 8ssistant to Prof. RrrsEMA Bos, in Amsterdam, some 
Olivia-Ieaves from the Rame garden, again diseased by Ohaetostroma 
Oliviae, but moreover provided with perithecia "ith ripe asci and 
spores, which latter, by reason of their well-known characteristic 
structure, were recognized by Mr. VAN H.ALL as Pleospora-spores. 

'1'be diseased leaves loolwd like fig. 4 on Plate H. At their upper 
face, markedly se para tod by a dark line, could continually be dis
tinguished two portions, of which onIy the smaller loremost one was 
beset with groups of perithecia, the larger back portion, on tbe 
contrary, was wbolly dovoid of these black points. The purely green 
colour of before was no more ta be observed at the back portion, 
but it was replaced by a yellow or yellowish dingy one, whose 
equality had come forth from the cOllfIuence of primitively smaller, 
later more increased spots. At the foremost, perithecium-bearing 
portion, the change of green inta yellow had never been observed, 
but instead a decrease in freshness of the green, combined with 
the appearance of a brown tint, and corresponding with th at ft 

drying anel withering, SIJ that it might be said that quite ripe pe
rithecia were observed exclusively at the withOI ed summits af the 
leaves. As afore • mentioned, the Cheatostroma-pusLulae occurred in
deed on the yellow portions of tbe leaf, but then the withered 
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portiolls were wanting there and the dark line proved to be the 
dcmarcation, not between gray-brown, witht'rcd perithecium·bearing, 
and green or stained unfertile parts, but between yellow, perithecium
bearing and green unfertile parts. 

A vertical section of Olwetostroma Cliviae (PI. II fig. 2) gives an 
idea of the structure of this fungus of which in our former pa.per 
only a conidium, supportfld by its basidium, was figured (PI. II, 
fig. 3). The intact fungus, 25 times mag'nified, is seen on PI. lI, 
fig. 1-

The fungus allied to the genus Pleospora as regards its spares 
is, 25 times magnified, l'eprescnted on PI. JIJ, fig. 2. Jn the leaf-' 
parenchyma, arJ'ived at its fuIl growth, it tries to perforate the 
epidermis of thc Ioaf, in whieh it sueceeds at lust. As is seen, this 
proteetive byer is hereby pushed asunder, sometimes into 3 lip
shaped slips. 

A. vertical section of the perithecium and its environment is figured 
.on PI. II, fig. 5. Here the remarkable fact prpsents itse1f that the 
true perithecium (a) does not dil'ectly sUl'round the so-called nucleus 
(asci and paraphyses) but is separclted from lt by a wide layer of 
parenchYllla-tissue (c), and besides, by a pseudo-perithecium wall. 
The question whether this special conditian of which no oLher in
stance was known to us among the sing'ular dictyasporic Pyl'enomy
cetes, had pe1'haps been observed by other mycologues, called forth 
a neawr investis;ation, a,nd sa we found that alreaày SACCARDO had 
in some way alluded to it Oll p. 277 of Vol. II of his Sylloge, whel'e 
the 3ld sub-divisioll of thc genus Pleospom, named "Scleroplea", 
is being discusscd. 

SACCARDO, namely, divided the numerOU$ species of Pleospora 
into three categol'les: 

I. Eu,-Pleospora. 
H. Catharinia. 

lIL Scleropl(ia. 
Of these the pt (p. 241) embraces tho f>peeies with thin-walled, 

membranous perithecia and coloured sporeR; 
the 2nd (p. 275) the species with tbin-walled (membranous) pen

thecia and co10u1'1ess spares, anel final1y; 
tbe BId (p. 277) the species with thick-wal!cd pel'it11Ccia, and 

co10ured spores. 
Eu-Pleospora embraces the most numerous, and long since lmown, 

species, always indicated by the simple name of Pleospora; whilst 
to Cailtarinia are assigned no more than eight, and to Scleroplea 
onlyl two species. Nevertheless Catlta1"inia was in 1896 by SACCARDO 
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in Vol. XI of bis SyUoge, and in 1897, independently of SACCARDO, 
by myself in Vol. II of my "Révision des Champignons des Pays
Bas", raised from a sub-genus to an independent one. 

With a view to tbe above diagnoses there was no doubt but tbe 
Pleospora prodllced by Clivia must belong to Scleroplea, as bath 
characteristics: a tbick, as carbonised wall, and coloured spores l 

were present. 
The question now presented itself whether, now tbat Cathal'inia 

had been raised to an independent genus, the same measure sbould 
not be applied to Scleroplea too. Jt appeared to us that no motivated 
doubt could thereabout exist fol' the following renson: not only 
beeause a thick, as carbonised, opaque perithecium-wall might be 
called as great an exception among the Pleospora-species as the 
colourless spores of Catharinia, but also as the structure- of the 
perithecia, as we have seen, is of a much more complicated nature 
than that found in the species of Eu-Pleospo1'a and Catha1·inia. 

Cause of astonishment might be found in SACCARDO'S not recording 
among the characteristics of his sub-genus the by us observed spe
cial structure of the perithecia of Sclel'oplea, yet the rêason of this 
lies at hand. The two species of Pleospom which are noted in the 
Sylloge under the afore-mentioned sub-genus, having selected for 
their dwelling-place the organs of exotic plants, fIourishing in New
Zealand and Argentinia, were not, or only in dried state examined 
by him, so that he had to depend on the descriptions of others, 
who had, perhaps, likewise, worked under unfavorable circumstances, 
or whose attention had not by preference been dil'ected to the in
ternal structure of the perithecia. 

Only for Pleospo1'a nuda (Sae. Syll. II, 277 = Pyrenophora nuda 
Cooke, Grevillea VIII, 68) - called by COOKE "nuda", beeause he 
wus of opinion that in this fungus no perithecium had come to 
development, SACCA.RDO alludes to the phenomenon observed by us, 
using the following expressions : "Seeundum COOKE stratum peritheeii 
exterills brunneo-eellulosum a pel'ithecio vero interiore separabile est." 

Meanwhile it should be borne in mind that COOKE who wrote in 
English, did not use the terms attributed to him by SACCARDO, but 
simply asserted: "These are no true peritheeia. The eells surrounding 
the peritheeial eavity are brown, globose and readily separable". 
SACCA.RDO has consequently wrongly understood COOKE'S wordi:l, but 
still, at least as regards Scleroplea Cliviae, hus come very near the 
truth. Haw much, however, the ,'iews of both mycologues diverge, is 
obvious to any-one who pays attention to the fact that COOKE disowns 
the existence of a true perithecium, whilst S.A.CCARDO, on the con-
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trary, infers the pres en se of two perithecia, and that the English 
mycologue does not reeognise our layer (d) as a peritheeium-wall, 
whilst the ltalian savant applies to it the name of "perithecium 
interius" . 

But let us leave to bath authors tbe responsibility for their 
respective judgments and exclusively eon si der the resu1ts of our 
microscopie investigation most successfully reproduced by Mr. VA.N 

HALL in Fig. 5 on Plate lI, we then come io the conclusion that 
the perithecia of Scleroplea Cliviae are built up of: 

1 st a thick, solid, as earbonised blaek layer of eeHs (a) (the 
"stratum perithecii externum" of SACCARDO; probably the 
continuation downward and inward of the "cuticula nigrefaeta" 
of COOKEj 

2nd a many eeIls thick layer of thin-walled parencbyma built up 
of polyhedral elements (c) j 

3rd an imperfect, l.e. at the uppel~side not closed layer of light 
brown globose eells (d) surrounding the nucleus peritbeeii, 
that is to say the asci and paraphyses ("the brown and 
easily separable eelIs, surrounding the peritheeial cavity" of 
COOKE; "peritheeium interius" of SACCARDO); 

and ihat the raising of the sub-genus Scleroplea, to a genus chiefly 
reposes with us on the presenee of an external and intern al perithe
cium, separated from each other by a rather vigorously developed 
interpusbed parenchym a which, at a later period, probably passes 
into deeay and In doing sa breaks up the connection between the 
s~dd two layers. 

lf we admit, whieh howcver ought to be dctermined by a 
nearer research, -- that Pleospora nuda SACC. (= Pyrenophora nuda 
COOKE) and Pleospora sclerotioides eorrespond with Scleroplea Gliviae 
in the strueture of their peritlJeeium, then the lat ter genus, to be 
interposed between Pleospora and P!frenoplwra, would for tbe present 
moment consist of 3 species, all bound to exotie plants. 

By the addition of iodium the aseus·wall of Seleroplea Cliviae 
assumes a red-brown (presence of gJycogene), the spore-wall a blue
gre~n, and the contents of the spores a blue colour. 

The germination of the spores, tl'Îed by Mr. VAN HALL in a. 
decoction of Clivia-Ieaves, was satisfaetory. Af ter the separate spores 
were strongly swollen, many begnn to send out germinal tubes. 
(Plate lIl, fig. 5.) 

Tbe question whethet' Ghaetostl'ollla Oliviae and Scleroplea Oliviae 
arc to be considere<1 either as parasites or as saphrophytes, should, 
we think, be answered in the latter sense, beeause in the tissue of 

11 
Proceedings I:toyal Ac:ad. Amsterdam. Vol. IIl. 
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the faded yellow lOtlYcsor parts of leaves, wbere na black sp~ts 
appear, no. trace of mycelium filaments' is tö be"found 1)._ Tbe
decoloration, tho cause of which remained ullknown 10 us, -precedes 
accordingly 1be appearan!'e of the fungus. ' 

An effort was made by Mr. VAN HALL to infect a dying Ciivià-
leaf with ascospores of Scleroplea in state of germination.:fhe resuIt 
of the experiment was riot favorablo. Small black points de:v~loped 
indeed in the environment' of, tho inflicted wound, but they_ soon 
ceased growing, sa that it remuins undecided, whether they bélonged 
or nót to Chaetostroma. 

EX P L A NAT ION 0 F TH E F I G URE S. 

, Plate lI, fig. 4. A leaf infected by Scleroplea Gliviae. The foremöst brown 
partion bears small groups of peritheeia, of whieli the summits -are only
visible. The hindmost yeUaw portion bears neither of the' two fungi and 
cantains na mycelium filaments. 

Fig. ,2. Vertieal section of a pustu~a of Ghaetostroma GliviaeOud., de
seribed more in details on pag. 226 of the Proceedings of the Meet!pg of 
28 Nav. 1896. 

Fig. 1. Some Ghaetostromapustulae 25 times magnified. The chaetae to 
which the genus owes its name, can be distinctly seen. 

Fig. 3. A conidium af Ghàetostroma, Gliviae, réposing on its basidium; 
: 500 times magnified. ' . I 

Fig. 5. Vertieal section of a perithecium of Scleroplea Gliviae(216 times 
magnified). 

a. exterior or primary perithecium. 
d., interiOl' or secundary peritheeinm. 
c. parenehyma tissue between the primary alld secundary .perithecium. 
b. aseL 
Plate lIl, fig. 1. Older and younger perithecia af Scleroplea Gliviae (8 

times magnified). 
Fig. 2. _ Same perithecia af the same, whieh have tarn asunderthe epi-

dermis (25 tinies magnified). ' 
Fig. 5. Spore of the same in state of germinatian .. 
Fig. 3. Spal'e:beadng aseus with its paraphyses (800 times magnified). 
Eig. 4. Faul' spares af different ages ánd sizes af the same (800 times' 

magnified); a. a. a. moistened spares, b. spal'!'ls saaked in water. " 

1) At Our request' Prof. P. MAGNUS in Berlin 'had the kindness to test the lIccumcy 
of our research with same leaves sent to him; he fl111y confirmed it. -
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Astronomy. - "The mot ion of the Pole of the Ea1·th aooording 

to the obse1'vations of the last years". By Dr. E. F. VAN DE 

SANDE BAKHUYZEN. 

In a postscript to my last paper on the motion of the pole of 
the earth in "Archives Neérlandaises. Sél'ie lI, Tome lI" I briefiy 
mentioned in how far the results from the latest observations deduced 
by ALBRECHT in his "Bericht am Schlusbe des Jahres 1898", agreed 
with my fOI mulae. 

Since that time Prof. ALBRECIIT has again published in a following 
paper 1) his summaries and calculations including one year more. 
rl'his closes in a certain sense a period in the researches of our 
problem. Up to 1899 the results obtained were due to the free 
co-operation of ft cer!ain number of observatories. At the close of 
1899 ho wever, the new international organisation has co me into 
force, according to which observations af ter the Horrebow-method 
are made in exactly tbe same way in six btations which all are 
situated on 39°8' northern latitude, and have heen especially arranged 
1'or this purpose. 

Therefore this seemed to me the proper moment for making a 
new comparison between my formu]ae and the results deduced by 
ALBRECHT from the comhined observations of the last 10 yoars. 

2. ALBRECHT tal,es thc resuIts obtained in his "Bericht im 
December 1897" to be definitive for the period 1890-1895.0. In 
his last "Bel'icM" therefore he considers on]y thc period from 
1895.0-1899.8, for which he had at his dispoflal the resuIts of 
on the wholc the same observatories as berore. 

For tbe intended comparison I chose for the 14-month]y motioll 
my elements Ir of Arckiv. Neérl. rr. lI, p 481 (35), for tho 
ycarly motion my results derived from the pelÏod 1890-96 (Proc. 
Royal Academy of Amsterdam, J une 1898). 

Here follow the lesults of this eomparison. The differences between 
the observation and thc computation are expressed in thousandths 
of seconds. 

1) Tu. ALBRECHT, BerlClJt uber den Stand uer Erforschung der BreiteuvariatlOn Ull 

Scltlusse des J0111es 18!l9. 13erhn 1900. 

11* 
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X ALBRECHT - x computed. 

1890 9 3- 48 - 3+ 29 

0- 36 + 6+ 20 

6+ 4.9 + 2- 23 

0- 9+ 8+ 14 

8+ 3j, + 50 + 56 

9+ Hl - 20 - 70 

4+ 50 + 22 - 11 

5+ 5S + 22 - 21 

3+ ]30 + 95 + 52 

91 9 

92 + 4: 

93 - 2 

94 + I 

95 + 4: 

96 + 4 

97 + 6 

98 + 11 

99 + I 1 + 8J + 130 + 150 

+ 22 + 22 + 6- 32 -

+ 50 + 4:1 + 17 + 1+ 

- 43 + 2J + 43 + 29 -
+ 3+ 41 + 20 + 0-

+ 22 + !l- 5- 8+ 
- 85 - 63 - ]5 - 17 -
- 4.4 - 44. - 36 - 19'+ 

- 59 - 77 - 8:1 - 661+ 

- 15 - 89 - 103 - 72 -

+ 123 + 20 - 69 - 109 -

Y ALBREOHT - Y computed. 

.0 .1 .2 .3 .~ 5 .6 7 

1890 - 26 + 55 + 90 + 70 + 24 + 4- 25 - 27 -
91 - 54 - 13 + 23 + 74 + 41 - 38 - 100 - 125 -
92 + 70 + 91 + 31 - 29 - 75 - 2+ 36 + 45 

93 - 8+ 11 + 10 - 10 I- 22 + 9- 11 - li--

94 - 15 - 12 + 16 + 49 + 17 + 6- 4- 6 

95 - 14 - 7- 20 - 3~ - 26 - 21 + 41 + 50 + 
96 - 5- 22 - 43 - 36 + 5+ 56 + 64 + 58 -

751-
6+ 

10 -
2
1
+ 

9+ 

4+ 
8+ 

7+ 

55 -
98 

B 

28 -
74 + 
0-

5-

0+ 

4.2 + 
8-

97 - 6- 28 - 42 - 61 - 42 - 2+ 71 + 127 + 169 + 

98 + 59 + 26 - 36 - 85 - 93 - 60 + 7+ 56 + 87 + 

99 + 7l + 23 - 14 - 52 - 67 - 64, - 23 + 3+ 28 

From this we find as mmm value of the deviations: 

V Yb. :.I 
.- .r = ± 0/1,054 

n 
v ~ l::. y'" = ± 0".050. 

n 

88 

29 

29 

6 

42 

18 
42 

5& 

4.6 

.9 

47 

5 

13 

l!l 

4 

10 

2 

88 

87 
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or if we amit tbe results far 1899.0-1899.8 as being prabably 
less accurate as yet: 

v ">:; b.:r 
- ol = ± 0".047 V :s 6. 2 

__ '1/ = ± 0".OllO. 
n n 

Fal'mel']Y the mean deviatian wab faund ta be ± 0".040 and 
± 0."045, and we see that the agreement has nat impraved during 
the last years. 

The fact, that this time I did nat use far the 14-monthly matian 
tho results obtained fram the peri ad under cansideratian only, may 
have sJightly incl'eased the deviations, but at any rate its infJ.uence 
cannat have been great. 

3. First af all wc had naw to investigate whether the agreement 
might be impraved by deducing far tbe whole period new elements 
for the yearly mation, aIthaugh it was improbable that this wauld 
have much influence. 

For this deiluctian, we have srarted from thc abave-mentioned 
differences, obs.-camp. and havo derlved from them the earrectians 
of the elements formerly assumcd. The values sinee 1899.0 were 
not considered and the rec;ults af the 9 years 1890.0-1898.9 were 
combined to 10 mean vulues in the 'mme way as hefare. 

In this way we found far the campanents af thc yearly motion 
the following revised values: 

" t-270 
a:= + 0 .100co821r--

365 

and hence again: 

t-148 
!I = ...j... 0".054 C08 2 n --

I 365 

Positi{)n-allgle Maj. axis ellipse 19° east af mm·id. af Greenw. 

Oomponents of the matian in the direction of the principal axel': 

t-Ott.5 
ul = + 0".104 cos 2 ~ ----

365 
t-Oct 5 

y' = - 0".044 Bin 2 ~ . 
365 

nnd sa the re8uJts are but sJig'htly different fram thase found farmerly. 

The variatioDs, which tbe computed ca·ardinatcs (on the odginal 
axes) for the 10 starting paints have undergone, together with the 
differences) abs.-camp., fallow here: 
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~:lJcomp, O-C. ~l/ comp, O-C. 

+ 0"018 - 0"003 + 0"007 - 0/1007 

+ 22 + 05 01 + 12 

+ 19 + Ol 09 + 13 

+ OS 03 14 + 07 

06 10 IJ 06 

18 + 03 07 + 02 

22 + Os + Ol + 08 

]9 Ol + 09 + 10 

08 05 + 14 + 06 

+ 06 03 + 13 00 

If 1I0W again we delÏve tbe mean values of the residual differences 
0.-0. for ALBRECHT'S original co-ordinates, we finrl: 

froU! the 99 vaIues from 1890.0--1899.8 

V :E Aa;2 --- = ::t: 0".050 
n 

V:2 A
y

2 =::1::: 0".048 
n 

from the 90 values from 1890.0-1898.9 

V~A,l;2 
--- = ±: 0".045 

n 
v ~ A y2 = ± 0".049 

n 

As will be seen, the mean value of the deviations still remains 
greater than that formerly found for the years 1890 -1897, and the 
deviations for the last years still show a very distinct systematic 
chal'acter. 'TheI'efore, although the possibility remains that the 
systematic errors have a greater inHuence than might be anticipated, 
it becomes probab1e th at the true motion of the pole deviates even 
hOw perceptibly fl'om my simple formula. 

Ir thÎs is the case, we can make 3 suppositions: 
1 the yearly motion is more complicate than was assumed; 
2 the elements of the 14-molltbly Illotion are not constant; 
3 there are still othel' p9rtial motions besides the two mentioned. 
Any ohserved mot ion may be eXplained mathematically in any 

of the threo suppositiollS, and then it remains on1y to be seen 
which of these wiU le.ld to the physically simplest explanation. 

--_._----------~ 
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PI'obably a long series of accurate observ,ltions will still have to 
be made herorc a dccision on this matter can be taken. Yet, in order 
to prepare later researches in tbis direction, I have considered to 
which conclusions the material in hand would lead in the first two 
suppositions. 

4. In the first place I have supposed that the assllmed 14-
monthly mûtion is correct, and that its elements are constant. 
Assuming this 1 have investigated which yearly motion would be 
found for the three periods: 1890-1892, 1893-1895 and 1896-
1898 successively. 

The followillg results were obtained: 

1890-1892. 

" t - 247 _ + 0" 099. 2 t - 117 
ti: = + 0 .118 cos 2 n '!J _ .", cos n ---

S65 365 

1893-1895. 
. t - 268 t - 149 

ä; = + 0' .113 cos 2 n y = + 0".065 COB 2 n ---
365 365 

1896-1898. 
, t - 302 

ti: = + 0' .090 cos 2 n ---
365 

and hence I derived: 

t- 217 
y = + 0".047 cos 2 n ---

365 

Position-angles with respect to the merid. of Greenwich: 

1890-1892 Major axis ellipse 34° east. 
1893-1895 " " " 19° east. 
1896-1898 " " " 4° west. 

Components of the motion in the direction of the principal axes! 

1890-1892. 
t - Sept. 21 

a;' = + 0".135 cos 2 n -~c-:--
365 

, 0" 63 . 2 t - Sept. 21 '!J = ~ .0 sm n 
365 

1893-1895. 
t - Oct.5 

a/ = + 0".119 cos 2 n ----
365 

t - Qct. 5 
11' = - 0".055 sin 2 n ----
iJ 365 

, 1896-18!J8. 
I t - Oct.27 

'IJ = + 0" 090 cos 2 n .. 365 
t - Oct 27 

11' = - 0".047 8ilt 2 Jl • 
iJ 3U5 
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Ii the differences between these results are not to be ascribed to 
perturbing influences during the obsenrations (for instanee 10cal refract
ions), our first supposition would lead us to the conclusion thát thc 
f'lements. of the year1y motion have varied gradually. Tbe pole would 
have remained behind in Hs motion, or 3ctuaJly would have de
seribed its orbit in more than a year, whi1e the orbit itse1f would 
have become smaller, and the apses of the ellipse would have moved 
in a direction opposite to that of the pole itself 1). 

5. Aftel' this I have starteil from the second supposition. The yearly 
motion was taken ta be cODstant,/ and first I assumed for it the 
elemellts, which had been derivcd sub 3. Assuming this the 14-
month1y motion was derived separately for the same 3 .year]y periods 
as have Leen considered sub 4. 

The results obtained were: 

-
1890-1892 

1893-1895 

t896-1898 

Amplitude. 

from Ir: from 1I 

0"188 

0.131 

0.119 

0"175 

0.138 

0.132 

I 
J 

I 

Corr. Epoch. 

from !C from 1I 

- 12 d. Il d. 

2 2 

+ 24 + 28 

Secondly I aS3umed the yearly motion to be as ît had béen 
tlerived formerly from ths observations 1890-1896, and then made 
the computation again in the same way. 

This time the results were: 

• • 
Amplitude. Corr. Epoch. 

from p; I from 11 from :IJ I from !I 
t Or' 

\ 1890-1892 0"173 0"168 - \l d. - 8 d. 

1893-1895 0.146 0.146 - 4 - !ft 

11396-1898 I o 105 0.126 + 29 I + 32-

differing but slightly from those of tho first computation. 

1) Cótnllltre also: CIIAliDl.Elt, .LIstr. JOl/tn. Vol. XIX, N°, 446 ]898. 

-------
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Consequently, assuming the yearly motion to bA constant, we find for 
the 14-monthly motion, bath from the x and the y, values of the am
plitude that decrease pretty regularly and pretty rapidly 1). FOl' the 
epoch we find from the first and the second period a fairly good agree
ment 2), whereas from the third we find ä decidedly deviating value. 

The reality of this last deviation is not very probable, and this 
tenus to diminish the force ofthe arguments which are in favour of thc 
acceptation of a decl'ease of the amplitude, which might be explained 
hy frictiollal influences 3). 

Physics. - "The properties of the p1'eSSl/1'o curves for co-existing 
phases of mixtures". By Prof. J. D. VAN DER WAALS. 

In the "Verslagen en Mededeelingen der .Akademie voor 1891" 
I have deduced an explicite expression fol' the pressure in thc case 
that one of the phases of a mixturè may be considered as a 
rarefied gas. 

Since th at time the course of the value of the pressure for diffe
rent mixtures has been determined experimentally in different ways, 
sa that we are enabled to test the/ given fOl'mula at the results of 
the experiments. 

In the given formula aa auxiliary quantity !.ltr oceure, whieh 

represents: pv - JPdV or pv-MBTlog(v-bx)- : ' while the difi'e-

rential coeffieient of this quantity with respect to 1/:', viz. (dflZ
) 

dJ: pT 

d az 

b:r 
may be approximately equated to - d:v 

As examples I drawattention to two shapes of these curves, 
whieh have been communicated in the Proceedings of this Academy : 
lat. hy Mr. HARTMAN for mixtures of CHa Cl and CO2 and 2nd by 
Mr. CUNAEUS for mixtures of .Acetone and Ether. The cUI',Ye traeed 
by Mr. HARTMAN is rem ar kal>le on account of the simple shupe of 
p = f (:rl), whieh is almost a straight line, and that of Mr. CUNAEUS 

1) See also 41'chiv. Néetl. T. 1I, p. 475 (29). 
2) See nlso "tf1ochiv. Née-rl. T. 1I, p. 469 (23). 
S) CHANDLER, finds hy his empiricnl theory that the amplitude vnries periodically 

nnd decreuses in the years consideJ'ed. It 5eelllB to me howevel' that the foundation 
of his formulu is not yet sufficiently certuin. 
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on account <Jf the fact; that iu tl.e curve P = 1 (a'2) a distinct inflectiol1 
point occurs, 

The investigatioll in llOW fal' these CUl ves 11gree with the -given 
form uIa, will show that in one respect these two shapes may he 
cOllsidered as two limiting cases. For simplicity's sake I shall write 

henceforth pa: instead of ~. In the same way I shall repl'esent 
MRT 

(~I'a:) 
"d.c pT by ,u'a:, and a sirnilar expl'ession for thc second diflerential 

1IlRT 
coefficient by ft"a:. The value of these quantities for,l' = 0 and .v = 1 
will be: !lO' p'o, .u"o and PI' P'I and P"I' Then p rnay be repre
sented by the formula: 

or 
, I 

P = Po (1-.TI) el'-:tl - 1'-0- x, 1'-:&1 + Pl .Tl el':&.-I'-I +(1-:&1) 1':&1 , 

ln general we cannot express P expliciteJy as function of .T2' But 
for the same vaJue of P we have the following relation between .l'1 

and .T2 which may be derived from the equality of (dl/!) for the 
d.v vT 

two phases: 

Xl' .T2 
~e"'xi 
1-1l'1 l-1l'2 

Tf we take iuto consideration, that for very low temperatures, 
d az 

the value of I"z is approximately equal to - d~z , we may indi· 

cate a few limiting cases for the course of the quantities ~, and 
ba: 

the shapes which the pressure curves will assume in these Iimiting 
shapes. I have already assumed in my: "Théorie Moléculaire" that 

d att 

by approximation p'tt may be equated to - ~ alld the deductions 
d.v 

which have there been obtained from this assumption, have since 
been confirmed to sueh an extent by the properties of the plaitpoint 
curves for mixtures, which show a minimum critical temperature, 
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that I feel justified in deriving further results from this approxi
mation. I shall, ho wever, first derive other cquations which are 
independent of this approximation from the given valucs for p. 

If ' ,... -111 ,..., -1 ,...' I! 1 we wnte p = MRT e 111. 1 111. { l-aJl + xl e a"1}, then lol ows: 

(ef'~I_ 1) [1 +.cl (1 - xl) ,u~.J 
-

This latter value agrees perfectly with that which is found by 
stm ting from the rigorously correct equation: 

if compal'ed with v2, the volume of a molecule in the vapour phasis, 

we neglect the value of VI and (dOl) and equate v2 to MRT. 
d.cl pT P 

We may namely put l/1 + pv for t;; we find then: 

( dt;) .rl ('dft ) - = A-IRT log ---+ -
dll11 pT 1 - ICI ckl pT 

and 

(d
2t;Z) = J.l1RT + (d2~) . 

dJJI pT :1'1 (1 - 1111) dirl pT 

Af ter elimination of oX2 we find: 

The following wel1known facts may be deduced from this equation: 
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From 

we deduce 

(1 - 2 a'l) ,n" +.Tl (1 - .Tl) plll 
:1'1 :1'1 

+--------------------
or 

Let us put same special cases: 

Put 

then: 
""':1'1 1 ' 0 e = or ,U:I' I = " • • • • • • (a) 

Ir '" 't' d'},p. 1 't' 'th' th' f-l
ZI 

IS pOSlive, ---:i 18 a sa pOSlive; SO In IS case ere IS 
d:Vl 

a minimum pressure, But from the assumption that ilfRT pi may 
XI 

_ d(a
x1 

) d'}, (~) 
, bXI f I bXI be equated wlth 0 Iows: MRT ft" == - d:r: '}, • We 

dZl XI' 1 

conclude therefore, that at very low T therc is a tninimum pressure 

for that mixture, for which ;: has a maximum value. A mixture 

with a maximum value for a(D has, however, not been found as 
ba; 

yet, and it is even doubted whether this will ever oecur for normal 
substanees. 

------------- -
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If ft;, IS negative, then d
2p

2 
is negative, when 1 + 3'1 (1 - 3'1) 1-< 

d.r] 

is positive. 80 there is for p a maximum value for that mixture 

which shows a minimum for Ofl). And numerous instanees of this 
bfl) 

have been found. If p~, has so great a negative vnIue, that 

1-+:1'1 (1 - !l'l) .u~1 is aIso negative, theu p has again a minimum 

vaIue. That 1 + Xl (1 - :l'1) ,u;, is ncgative, implies however: that 

(dd
2
!;2) is negative, aod can therefore on1y oeeur for unstable phases. 

".vI pT 
And for this too we -may say that it is very doubtfu1, whether this 
can ever be the case for mixtures of normal substances. 

If 
11'1 = 0 , • • • • • • • • • (b) 

we find: 

If the pressure is increasing at Xl = 0, then ((l2P2) bas tbe same 
dXl 0 

sign as ft"O' If the pressure shou1d aIso increase on the side where 
11'1=1, and if there shouJd therefore be a maximum pressure for a 

d2 

eertain vaIue of 11'1' th en the quantity d P2 has all over the curve 
.rl 

p =/(a'l) thc sign pil, which is necessari1y negative. The supposition 
a d2 _ 

r" IJ kb f" that we may put MTRP-~; = - --" 1 ma es t e slg'n 0 f-ix depen-
I d,r'" 

dent on; 

at least if we may repIace b12 1>y the approximate va1ue bI + bf],. 
, 2 

But even though this shou1d not be quite accurate, yet it is not io 
be expected that the vallle of P~ should deviate much from the 

given formul~, The given formuIa makes ~he sign of f-i; dcpenc1ent 
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(
al a2 '> a12 ) 11 h on b
I
2 + b

2
2 - - hl b

2 
' so that a over t e curve the sign remain_s 

invariable. 
If on one of the sides the pressure sbould decrease, and if we 

put on that side 11'1 = 0, then tbe value of etJ.'o is smaller than l. 
. $. 11'2 1 (d2p ) We get then -~ < 1. But not before -=<-, the sign of -

$1 11'1 2 .d;r/' 0 

will differ from that of pilO' 

If we have the exceptional case that there is a maximum 
pressure just on one of tho sides then' etJ.'o = 1, and tberefore 

d~ -
( ~) == p1/i'IJ' This is almost, if not quite the case fol' the mixtures 
·d.r1 

of acetone and ether investigated hy Mr. CUN AEUS. On the ether
side tbe pressLU'e is maximum, and the simpie shape of the curve 

d2p 
p = {(II'I)' for ",hich the curvature is always such that - < 0, 

d.r12 

follows immediately from this supposition. I 

In tbis curve of CUNAEUS we have the case that one of the mix
tures has a minimum critical temperature, tbough it is \ one of the 
components, but on the ather hand in the curve of HARTMAN we 
have almost, jf not quite the case, that ,,'x is constant for all values 
of :1', and that there is therefore no question of a minimum critical 
temperature - not even if we sbould take IC far beyond the limits 
of at = 0 and {); = 1. It is not to be expected that this will ever 
be rigorously the case. Only if we put for bx the approximate 

a 
value bI (I-a:) + &2 X, ~ would be a linear funciion of J', in case 

b:c 

al °2 a12 • 1 B 'f 1 . d -+--2- IS equa to zero. ut even 1 we (0 not llItro uee 
b1

2 bl' b1&2 

this approximate value of bx, we may at least imagine as limiting 

case sueb a value of~, that it differs little from a straight line 
bx 

between 0 and 1. As limiting case we may thercforc pilt ft/x = constant. 
Then we get I'Xt - I/:IP':c, =- Po and P'I',I + (I-a:) u/x, =.al' ~LlJ(l 

or 

COllsequently 'P = f (J'J) is exactly a straight line, which HARTMAN 
has found for mixtures öf CO2 and CHs Cl by approxirnation. 

Moreover, it follows irnmediutely from the value which we have 
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ede d
2
p h 'f ) t" d 1 111 1 10UD lUl' --, t at I we a ways pu Px aD so a so /-lx , as equa 

d,r lil, ,1 I 

to zero, tbe value of th is qUBDtHy is al ways equa] to zero, and the 
pressure must be represented by a straight line. 

'In this special case it is also possible to give p = f ({t~) explici
citely. We have namely as relation between :1'1 and ,Til,: 

or 

and 
Po 
-,r2 
PI 

Q'l=-----
Po 

l-J'2 + -:1'2 
PI 

Substituting theRe values wo Hnd: 

PoPI 
p = PI (1- .T2) + 'Po J'2 • 

Thc curve P = f (J'l/.) traeed by HARTMAN, resc::mbles a hypel'hola, 
but it dcviates too much from it for the deviations to be ascribed 
to cxperimental errors. But in reality, these ouservations have been 
made at a tOD high temperature for eonsidcring the vapour phasis 

"all a rarefiecl gasphasis, Specially for eal'bonic acid, where tbe pres
sure was even greater than 45 atmospheres, the dcviations, eaused 
hy it, must Jlave bc('n eOllsiderable. It wouJd be interesting to 
illycstignte whether at alowel' temperatul'e (HAR'rMAN obscrved at 
!)0,5) tho vapoururanch would approach close!' to n hyperhola, 

Wc may in this case write fo!' P = f (x'},): 

1 1-3'2 [til, 

-=--+-, 
P Po PI 

f!'Om which, as we are here concerned with gasphascs, follows: 

v = t'o (1-'/'2) + vI :1'2 • 

If we take tberefore an arbitrary quantity of t,he saturated vapour 
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of tbe first substance, and aIso an arbitrary quantity of tbe saturated 
vapour of the sflcond, and if they mix in a volume which is the 
sum of the two volumes, the mixture is again saturated vapour. 
This rosult deviates altogether from the 1aw of DAL TON applied 
to saturated vapour. But this law of DAL'l'ON will on1y hold 
good as ao approximation, if the liquid, which would be formed 
through condenf:lation, may be considered as unmixed liquid. 

Tt is woll-known tbat DANIEL BERTIIELOT has put (1,122 = a1Q2: 1 
have refuted this opinion some time ago, first because the ground 
whicb was alleged for concluding to this relation, seemed ineorrcct 
to me, as it does still, but secondly because the great variety, which 
the critical phenomena of mixtures show, seemed to me to clash 
with the assumption of such a simple relation betweoll a12' a] and a2. 

Since 1 have 1earned to ascribe many complications, which mixtures 
show, to the anomaly of thfl components themselves, a great many 
objections, which I had against the relatioll a]2 = Val a2, have lost 
their weigbt, and any rate I tbink it desirabIe to keep in view at 
every phenomenon thc possibility, that tbis relation should be ful-

filled. If we do so also in this Gase, the condition th~t all! be a , b
z 

linear function of a'l, becornes at least by approximation the following: 

or the critical expressions of the components are the samp. Now it 
is indeed remarkable, th at in the mixture of HARTlIIAN, for which 
the critical temperatures are almost in thc proportion of 3 to 4, 
the critical expressions differ comparativcly little - that of 002 

being equal to 73 and that of CHs Cl to 65 or 66 atrnospheres. 
The condition that the critical expre'lsions must be the same for 

the cornponents, is fulfilled if Tc~::=; TCI :: ' so if the critica1 tem~ 
peratures are proportional to the volumes of tho molecules. And 
though this condition is not quite fulfiJIed for CO2 and CHs Cl, yct it is 
tulfilled in au iMornparably greater degree thau fOI' the other examined 
mixtures, for which the substance with tbe smallest molecule pos· 
sesses the highest critical temperatul'e. So is in a mixture of acetonc 
and ether the critica! temperature of ether 10wer than that of acetone, 
whel'eas the volume of the molecules of ether exceeds that of aeetone. 

h h d·· Val Va
2. t 'I t f 1 For acetone and et er t e con ItIon - = - IS eer llID y no u· 

bI l'2 
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filled and in close connection with this is the great difference in the 
curve cleterrnined by CUNAEUS as compared with that of HARTMAN 1). 

In what precedes we have been specially occupied with the dif~ 
ference in the course of p = f (lVI) for these mixtures. Let us also 
pay attention to p = (x2)' As the elirnination of orl from the equation: 

tel pI X2 
--6 lIJ. 

I-Xl l-x2 

is not possible, when 1/lIIl depends on xl, p can generally not be 
dp 

expressed explicitely in X2. Yet we may deduce formulae for -
dX2 

d2p 
and -2' which are of importance for the determination of the dif

dX2 

ferent shapes of these curves. 
From the two strictly accurate equations: 

and 

foUows, in case the second phasis is a rarE'fied vapour-phasis, and 
we may consequently put V21 = V2 and VI2 = - V2: 

or 

When the second phasis follows the gas la,ws suffiC'iently, the 
second term is simplified to the form given here. 

By means of this relation between dx] and dX2 and of the relation 
x2 Xl pI -- = -- e 1111 , we find: 

l-a:2 I-Xl 

1) The value of a l9 C!lIClllllted by MI. QUINT for mixtUles of Ol H !llld C~ Ha. how
everl does not fuiftl the leiatlOll a'2 = Va1a2• 

L2 
Proceedings Royal Acad. Amsterdam Vol lIL 
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~ dp =~ dp dll'1 = (l-e-""a/I)(l-wJ +.1'1 e(J-'Xl) 
P d:r2 P d!Cl d1'2 

or 
dp ( -WJ: )( (J-'X) d:ts =P 1-e I l-ICI + xl e 1 

It appeaJ's from this formuIa that p as function of .1:2 presents a 

maximum or a minimum I)nly whaD lXI = 1. In the case, that a 
10ngitudina.l plait exists, thore are two more values of 1'1; for whieh 
p as fUllction of 1'1 migbt become Jllaximum or minimum in the 
unstable region, but this is not the case for p as function of 3's. 
The curve p = 1(3'2) presents two ousps for the values of li's, 

"hieh are conjugated to those values of :rl, for which ) +a'l(l-.Tl) fl;1 
should be zero. This I have already pointed out in the Théor. Mol. 

dSp 
In order to determine - we di:lfèrentiate the log-arithm of the 

d.Ts'" 
last equation, which yields; 

d2p 
d:1:29, d:c} \ 1 dp • 
-= - ---r-
dp d.rs I p MI 

dx'}, 

",'x lL'x 11 - tL'XI I 
(e 1_ 1) + 1'1 e Ipx + e llx, 

1 - 1'1 + .Tl e""Xl 1 - e -",'XI 

or 

Special cases are: 
d2p d"l • 

(a) Be 1 +:tI (1 - Xl) ft" = 0, tben - = 00, as - 18 CX) 
x, d.r9,S dJ'5}, 

in this case. We have alreaày pointed out, that tbe curve p = !(.rs) 
presents cusps in the points conjugated to these values of 3'1' 

ciJ'p !-til x 
(b) Be ,u'XI = 0, thon - = p I. If wc cam-

d:rs'" 1 + ,/;'1 (1 - J'1) ,i/x, 
d"l,p 

pare this va]ue with -2' it appears, that at the point of coniaet 
dJ'l 

tbc two curves p = f (.rl) and p = f (il'",) lie on the same side of thc 
tangent. The curvatures however are unequal, ex:cept in the case, 
that for sueh a point Xl = O. For the mixt~re of acetone and ether 
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this exceptfon oceurs at least approximately on the side of the ether. 

(
d2p ) 2 (el"o - ])g + .u~ 

(c) Be a'l = 0, then d2 =Po ( ')2 . 
:Cg 0 el' 0 

This equation shows, that (d2p
g) will be negative only hy 

,dx2 0 

exceptioll; only when ,u 1/0 is negative and bas a nllmel'ic value, 
greater than (8 fL'0 - 1)2. It may however occur, and that on both 
sides for mixtures with maximum~pressure. 1t tbc following three 
figures the curves p =/([1;1) and p =/(:1'll), which may then occur, 
are drawn. 

Fig. I. Fig, 2. Fig. 3. 

In fig. 1 a curve has been drawn, for wbich the maximum· 
pressure is not much greater tban the pressures on both sides, and 
for which therefore efL'o - 1 has a small value, even on the sides. 
As in the case of 9. maximum-presRure the quantÏLy ft" is negativf', 

( d
2p

'),) may be negative on both sides. 
d.r2 0 

In fig.' 2 this is the case only on one sjde, while in fig. 3 the 

( , . d b h d
2
p , value of efL 0- 1) IS suppose to e great enoug , to caust:! -n to 

dJJ2"' 

be positive on both sides. 
Thc curve, traeed by Mr. CUN.A.EUS re]ating to his investigation 

Oll acetono anll ether is therefore to be considel'ed as either the 
lcfthnnd Ol' the righthaud half of fig. 3, alld the point of iufiection, 
which he has found, was to be expected, as on the side of acetone 

I f ' (.rg 
- Xl)' h . 3 tIe value 0 efLo - 1 = IS rat er great, VIZ. ,5. 
al 0 

From the value of a'l and .r2 , at which the point of infil'ction bas 
been found, we may derive the value of tt" with the aid of the 

x( 

12* 
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d2p 
formula we have found for -d Q' To th at pllrpose we have to equo.te 

3'2~ 

dp d.vi x2 1 -.vI -
the factor of - -- to zero. If we substitute for 

dllJ2 d.r2 1 - .v2 .vI 
el'-' ,xl, we may write this factor as follows: 

From this we deduce for the point of inflection: 
2 (1IJ2 -]1)2 

.vI (1 - .vI) 
- fix, = ------:-::---:----

2 (:1'2 - xIYl, + .vI (1 - IIJI) 

In the experiments of Mr. OUNAEUS, we nre not perfcctly sure 
of the valueR of .rl and '(2 for the point of inflection 1). The numerjc 
value of IJU cannot therefore be iJUnd with accuracy. Put r-

xI 

1 
:1'1 = - and 

2 

2 I' 8 
0'2 = -, then the value of - f.l,x = -, put IIJI = 0,45 

Ö I 11 
( 

and 0'2 = 0,65, then the value of - ft" , will be found sJightly less 
XI 

than unity. 
We can predict the course of the critical curves for mixtures of 

acetone and ethpr, from the proper ties of the pressure-curves for 
these rnixtut'es at low temperatures. Let us imagine tbe critical 
curve, either the plaitpoint-curve or the curve of the critical points 
of contact of Cl Hand O2 H6, and let us take the upper half of it, 
i.e. that part, that lies above the minimulll-temperature. That mini
mum temperatul'e, the critical point of ether, will be the starting 
point. We have theref'ol'e reason to expect that mixtures of ether 
in which a little quantity of acetone has been solved, will present 
r. c. Il. But for these cl'ltical CU1ves also it is to be expected that 
they wiJl deviatc 80 slightly from alle another, that it will be 
difficult to obsel've the retrograde condensation 2). 
------

1) In the determinatlOn of the vapour-phasis by menns of the refrJctive power, the 
circumstnnre, that 11le glnss pIntE's .tre covered with a condensed byer has an influence, 
whic~ is plobllhly large enough, to vitinte noticeably the vnlul's tonnel tur $2' 

2) Let us lmul ourselves of this occasion to point out tllnt the rule, giveu by Prof. 
KUENJi.N, to fiud 1'0 II IS not quite COlrect, Prof. KUENEN thought that 1 c 1I is to 
be looked for in mixtures of substances, of which that one, which has the highest 
criticnl tempernture, has at equal tempelatures also the highest vnponr tl'nsions. If 
we consider n plaitpoiut curve, beginning exnctly at the minimum critirnl temperature 
anel therefore lust begiuning with l' c II, the vnpour tension of the component witll 
the lli!lhest Tc will be lower thun tlwt of the otller component; !lud the more so, 
when thc dtfference between 1'e: !lnd Tel is large. 
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d2p 
Let us write the value of -2 also under tbe foJlowing form: 

dJ:g 

This form enables us to conclude to the curvature of the vapoul''' 
branch, if it lJas an unstable part 1), in consequence of the presenee of 
a longitudinal plait, which intersects the liquid branch. For this l\llstable 
part we have 1 + ,'ll1 (1 - :1'1) !/' < 0, and p" and 1+xl(1-X1),u' 

~ ~ ~ 

has the same aign. For this unstable part of the vapour branch 
d2p 

we get therefore ~2 > O. Let us imagine two values of $ll dif
dx2 

fering very little from tl~at which makes 1 + Irl (1 - :l'1) ft: =0, aud 
1 

chosen on either side of it, tben 1 + trI (1 - .r1) p" has either a 
Xl 

very small positive value or a very smal! negative one, aud therefore 

" jU 

1 + 1 XI ) " a very great positivo or a very great negative 
trI ( - $1 P 

.xr 
d'J.,p 

value. This makes 11S eonclude that the sign of -2 changes for 
dX2 

those values of a'21 which are conjugated to these, at which the 
Iiquid branch enters or lcaves the unstable region. A.t the extremities 
of tbe uIlstabIe part of tbc vapoul' branch we Hnd therefore cusps. 
Consequently the two stabIe parts of the vapour-branch end with a 

d2p 
negative value of -2' As a rule the vapour-branch at al = 0 aud 

dlr2 

d2 

11: = 1 has a positive value of i, therefore th ere are also as a rule 
dJ:22 

d2p 
two points, where -2 wiJl be equal to zero. Probably these points 

dJ'ia 

always lie ne ar thc cnsps. The following figure givcs a shape of 
the vapour branch fulfilling these conditions. 

If before its end the vapour brau('h should possess a maximum, 
the second inflection point is unnecessary and its shape wil! be 
l'eprescnted by fig. 5. 

1) We use here the term "nnstahle pnrt'\ to indicnte tbnt tlle phase" replesented 
by it, could only co-exist with uus'nble pllllses. Considered in themselves these 
phases are slable. 
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Fig. 4. }'ig. 5. 

This latter ngure ropresents the vapour branch of mixtures of 
phenol and water below the critical temperature of complete mixture. 

If thc second phasis is a rarefied gasphasis, the pressure of which 
is p, p (1-.T2) represents the partjal preSSUl'e of the 6rst component 
and P.1'2 that of the second component. The value of these quantities 
is given by 

I"' -X,I"" -1 
P (1-.1'2) = MRT(I-.1'}) e X, x, 

and 

anr! 

and 

Vl e conel ude from this: 

dp(l-a'2) l-x2 \ " ) 
= ~ p -~ -~ i· 1 + .Tl (I- X2),ux j 

doEl l- x 2 I 

dp $<), 

dlel 

änd 

p 

rttP (1 __ 1e2) = 
dorl2 

[1 + Xl (1 ~ à'] ,u:,] -
d [I + Xl (I-Xl) .u:,] 
~ ~ dXl ~ 
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By adding the two last conditions, we find: 

I • 

a form to WhlCh we mayalso rcduC'e the form given befol'c. From 
the value for the first diffel ential coefficients we deduce, that for 
substances, which are perfect]y miscible, the partial pressure of one 
component dccreases, when the second component is substituted for 
a part ,of it. From this follows that the total pressure must be 
smaller than the sum of the tensions of the separate components. 
If 1+:1'1 (I-xl) f.lzJ should be negative, the partial pressure of a 
component increases on the other hand by substItution by the second 
component. Then it wIll be the question whether the partial pressure 
cannot rise so high, that it exceeds the initial value. 

This question, howeyer, cannot be solved without the knowledge 
of the proper ties of the function p. 

Physics. - Dr. E. VAN EVERDINGEN JR.: "The HALL-effect and 
tJee increase of 1'esistance ot bismuth in the magnetic field at 
very low tempel'atures." Il. ~ Communication N°. 58 from the 
Physical Laboratory at Leiden, by Prof. H. KAMERLINGH 
ONNES). 

1. From the measurementb of the HALL-effect in bismuth at the 
boiling-point of liquid nitrous oxide anel hquid oxygcn, described in 
the Proceedings of 29 October 1899, p. 221 and 30 December 1899, 
p. 380, it appeared that the HALL-coefficient increased cOllsiderably 
with falling temperatUl'es; it hence seemed desirabie to determine 
thIS increase with greater accuracy. The measuremellts in liquid 
nitruus oxide had shown that the strength of the magnetic field had 
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a considerable infl.uence on the temperature-coefficient. Rence a]so 
the measurements in liquid oxygen ought to be taken with different 
strengths of the neld. For the theory of the phenomenon -it is 
necpssary to know the resistance of the bismuth in the magnetic 
field at the same temperatures, in order to, be able to calculate the 
angle through which the equipotential lines are turned. 80 I at 
first decided to measure, in say fi ve different fields, HALL-effect, 
resistance and increase of resistallce at the temperature of the room 
and at the boiling points of liquio nitrons oxide and oxygen. Af tel'
wal'ds a series of measurements at the boiling point of methyl chloride 
was added, and fillally I completed the research by repeating the 
same rneasurements at the boiling point of water. As earlier 
researches 1) have shown, that at still higher temperatures both H.A.LL
effect and increase of resistance become very smalI, it might be 
cOllsidered superfl.uous to further l'aise the limit of temperatnres. 

Rence the temperatures range from - 1820 C. te + 1000 C. or 
from 910 to i:n3° on the absolute scale. 

2. Experimental arrangements. In all the experiments except 
those at 1000 C. the experimental plate of bisrnuth was mounted in 
the apparatu~, described in § 6 of the communication of 30 December 
1899 2). The only change made in this since th en is that the streng
thening-rim at the lower end of 83 (see fig. 2 of that communication) 
has been omitted, and repldced by two glass tubes, fixed at both 
àides of the vessel b alld over which the thin pa.per of 83 is stretched. 

In the modified section of the apparatus, fig. la, these tubes are 
indicated hy the letters i. T!lis enabled me to adjust the vessel 
between the polc-pieces and to take it out again without altering 
tbe distance of the pole·pieces. In tbis manner 1 st the apparatus 
remained quite closed at t,j" 2nd during the whole research the 
distance between the poles, and hence the strength of field for a 
given magnetising current, remained unaltered, and 3ld the repair 
of smaH faults in the val'ious leads during the expel'iments was 
facilitated. 

The apparatus continued to p:ive satisfactory results and wad at 
the end of the whole research still in good condition. 

For tbe experiments at 1000 C. the plate was placed in a copper 

1) See for instance LEunnT, Vers!. der Verg. Kon. Ak. 'Jf. Wetensch. vnn 28 Sept. 
18!15, p. 108, Comm. Pl1ys Lub. Leiden NO. 19, p. 26 j HENDEJtSON, Wied. Anu. 53, 
p. 912, 1894. 

~) Versl. der \'erg. vun 30 December 1899, p. 380, Comm. N°. 53, p. 10. 
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~. \. 

_I, OOIl.ted with UbeiitOl! Knd packed in .... 001, .... hieh was cloeed 
at tbe upper end by mCllDI of cork and Ihrongb whieb liteam 

WI8 100. 
Whilst tbeufore tlle baths of eonstll.nl \emperatn~ pl"ll8eDloed no 

lIplICi&1 difficullies, we had to bestew greIIt care 10 BOOure good 
.:.lubel et the H UL- lIud rwiefaoce elootrodes. In earl ier expen
meuta, told~,ing wa. doomod u n suil~ble, on acooupt of the daoger 
of Bpoiling tbe purity of Ihe bismufb So here we bRd 10 u&e 
damp.eleccrodeA. Ic 600U appMroo tbllt, tor the contact8 10 {Mist 
Ule intense eooliog, they ought 10 he made elastic. Steel sprin8' 
could nol bil uaed, beC3uae of the d;8lurbanoo they ,,"ould hAre 
CIIUse<:l in tbe magnetic field; bras! eprings, ,.hieh were tried 6rd, 
appeared to llU'k 8ul6cient elalticity, w t\tat (he contact! welt! 
oovettlwJ8$8 spoiled on cooling. These difliculties were overoome, fot 
the mOlt part al least, by UaiDg 'pcings made ora.n IIIloy of Platinum 
with 90 pOL. of Iridinm. 

With reIen:lnce to fig. 1 .... e will DOlT deI\Cribe how Ihe plate of 
bismutb was H:roo in tbe carrier in itl! Hna.!. form. 

For thls purpose we fit$!; direct OUr atteotion 10 tbe perspectirc 
drawing on thc righl 'fhere we se<) the plate of bismuth P ,tu~k 
Ihrough tbe verticaI sJit ... f the fr&rne R to whieh tbe Pla.lioum
Iridium ~pringl! VI and 17, are filel! by mea.na of JlCrews SJ and Ss. 
'fe the eltremitîes of the!!l! 6pringrs little Pbtinum pens are atlaclted, 
willeh go through eylinoiriea! holes in Rand end on the horiwnW 
lioe in the middle of Ihe plBIe P. These oonstitute !he rosislaneo 
clectrodJ:fl, and are ftoout 10 mmo ap!lrt. The ~pringa VI Md V. are 
plaoed in s1ita of the frame in order Dot to iOQrta&6 tbc toUil 



- 190 -

( 180 ) 

brcadth and are thus at the same time protected against damagc. 
To make sure th at the liquefied gases reach the plate the central 
portion of thc vertical slit is widened and moreover large holes arc 
made in the sides of the frame. 

In thc middle of the upper and lower planes there is a small 
hole O. 'fhrough this enter the secondary electrodes of the plate
carrier l, drawIl in section in the figure. The primary-electrode" El 
has been screwed through the brass strip Al and thl'ough the frame 
l aDd is therefore not elastic. E2 on the contrary has been screwed 
only through the brass plate A 2 and goes freely through l, whilst 
.(12 is elastically attached to l. The secondary electrodes E3 and E4 
are also elastically attached; they go freely through the brass plates 
As and A4, but are screwed through the nuts MI alld M2' which 
are pressed iuwards by spirals of Platinum-Iridium, whilst a pin 
prevents them from tU1'lling together with the screws. The plate 
Al is connected by a thin insulated wire to the copper wire D4' 
To the wireB Dl'" D4 the thin copper wires mI' m2' nl' 112 (SPe.' 

fig. 1 Oomm. N°. 53) are fixed by means of screw-connexions. FroID 
the screws SI and S2 copper wires of 0,1 mmo diameter go out of 
the apparatus through the same glass tubes as mI and m2 for the 
measurement of the resistance. 

In the experirnents at 100° C. the plate-carrier l was made of 
wood and the frame R of ivory; in the othol' experiments both 
were made of ebonite. 

3. Measuremenfs of the HALL-effect. The plate of bismuth wbich 
served in all experiments was not tbe same as tbat used in tbc 
preliminary experiments of Communication N°. 53, as the latter 
was broken, when further observations had already been made at 
some temperatures. The new plate was ho wever obtained in the same 
mannel' by electrolysis; the CUlTent for this was chosen somewhat 
smaller than on the former occasion. The resistivity of this plate 
appeared to be a little smaller than that of tbe other, while the 
HAIJL-effect and the illcrease of resistance were somewhat larger; 
this indicates that this bismuth is a little purer. That ho wever com
plete purity is not yet a,ttained follows from the most sensitive cri
terion : the resistance out of the magnetic field at low temperatures, 
to which we will drawattention once more fUl,ther on. 

rrhe dimensions of the plate were: length 21 mm., breadth 9,1 
mm., thickness 0,795 mmo 

Of tho method of observation nothing new need be mentioned 1). 

1) Verslag d. Vergadering van 30 Mel 1896, p. 47. Comm. NO 26, p. 3. 
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As with the last measurements of Oomm. N° 53 the resistance in 
the secondary circuit was measured for both direntions of the mag
netic field immediately aftel' the determination of the resistance 
required in the compellsative-circuit. In order to be a,ble to quickly 
perform this measurement I proceeded in the following way. As a 
commencemcnt I observed the deflection of the galvanometer cam;ed 
in the secondary circuit by a WEsToN-element when aresistanee 
of 50.000 Ohms was inserted and the poles of the element 
were connected to two of the mercury-cups of the commutator 
of this circuit 1), the other two mercury-cups being connected by a 
short copper wil'e. As this deflection remained constant during a 
series of observations, it need be observed only once. For the mea
surement of tbe resistance the deflection was observed again aftel' 
a shunt had been made between the two first mentioned mercul'y
cups witb a known resistance [.bout equal to that of the secondary 
circuit, so that the deflection was reduced to ab out one half of its 
former value. Jf we can a the total deflection, b the reduced deflec
tion and w the resistance of the shunt, then the resistance of the 

d 
'" a-b secon ary C'll'cmt IS 10-

b 
:First we give the results for the HALL-coefficient R in vanous 

magnetic fields M (in O. G. S. units). 

HALL-coefficient R. 

'1' e m per a t ure in d e g ree s een tig rad e. 

+ 100° \ + 11° 5 \ - 23° \ - 90° \ - 1820 

M/R \M/R /M/R /M/R /M/R 

1000 7 23 1050 13.24 1060 16 00 1020 27.88 1050 61.8 

2200 7 16 2100 12.69 2120 15.83 2140 24 80* 2100 54 5 

3920 6.99 3100 12.06 3110 L4.98 3070 22 87 3830 46.2* 

4800 6.87 4440 11.42 3770 14.55 3730 21 85 6050 39.8 

4870 6.82 6010 10.61 4320 14 13 4370 21.10 

5970 6 75 44040 13 94 5180 19 97 

5260 13.39 6050 18.68· 

6010 12.90 

1) See my thesis, plnte lIL 
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These results are represented graphically in fig. 2, where the 
little crosses indicate observed points. 
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Fig. 2. 

When a series of ohservations was finished usually one or more 
of the determinations we re repeated; on the one hand this gave a 
means of te&ting tbe accuracy of the measurements, on tbe other 
hand of testing the constancy of the temperatures. With + 100° a. 
the two measurements in a field of about 4800 may serve for a 
test; with - 23° a. thoee in a field of about 4400; with the tempe
l'atures - 90° aDd - 182° an asterisk in the table indicates that 
the measurement was l'epeated and gave the same 1'esult; tbe value 
46.2 in the field 3830 at - 18~0 a. is the reault of t!tree meas
urements in complete agreement 1). 

Usually befare or aftAr a series of measurements a determination 
at ordinary temperature was made; these toa agreed always weIl, 
so that, at least during tbe three months occupied hy the research, 
no traces of a variation with time are to be detected. 

With the experiments in methylchloride and nitrous-oxide no 
trouhle was experionced in keeping the vessel filled with liquid for 
about 5 hours, 80 that there was abundant time for observations. 

1) The results, obbLÏned witb the plate afterwards broken, usually a]so agree with 
those above mentioned. / 
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With the experiments in liquid oxygen however the vessel was 
usually nearly empty before a new guantity of liquid could be 
admitted, hence in this case the number of measurements was 
somewhat reduced. 

During the experiments at 11 °,5 C. air 
appal'atus in order to ensure equilibrium 
surroundings. 

, 
was sucked through the 
of tempel'ature with the 

The results wholly confirm the rule formulated before l ): 'that 
the variation of the HALL-coefficient with the magnetic field is 
larger the lowel' the temperature, or: that the infiuence of temper
ature on the HALL-coefficient is ]argest in weak fields. 

The value 81.,8 of the H.ALL-coefficient in the weakest field at 
- 1820 C., is again considerably larger tban the highest value 
obtained hefore 2) (in the magnetic field 4400). 

By means of the curves drawn tbrough or between the ohserved 
points the HALL·coefficients in the fields ,1000, 2000 ... 6000 were 
interpolated, and multiplied by the corresponding magnetic fields. 
Tbe values of the thus obtained product RM, which may be consi
dered as a measure of the total transverae difference of potential, 
are represented in the same figure. 1'11e scale value of these ordinates 
is indicated on the right band side. 

Finally In fig. 3 the variation with temperatul'e of the HALT,-
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Fig. 3. \ 

coefficient fol' given values of the field was represented fol' the fields 

1) Ver~l. 30 Mei '96, p. c9. Oomm. :No 26, p. 20. 
2) If 1$0 Dec. '90, p. 382. Oomm. N0 53. p. 13. 
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1000 to 6000. The data for this figure are also given 10 the 
table below. 

HALL-coefficient R. 

Magnetic fielt! in O. G. S. units. 

Tabs. I I I I I 
1000 2000 3000 40{JO 5000 6000 

I -
91 62.2 55.0 49.7 45.8 42.6 40.1 -

183 28.0 25.0 22.9 21.5 20.2 18.9 

250 17.0 16.0 15.1 14.3 13.6 12.9 

284,6 13.3 12.7 12.1 Il.5b U.05 10.6 

373 7.28 7.17 7.06 6.95 6.84 6.72 

It appears that in all fields the increase of the HA.LL-coefficient 
with falling temperature is approximately proportional to T-a , 
where a is greater tban unity. 

4. Measurements of 1'esistivity and inC1'ef!Se of 1·esistivity. For 
the method of observation reference may be made to Comm. N°. 48 1). 

(The resistance in the circuit containing the resistance-electrodes 
was measured in the same manner as that of the sccondary circuit for 
tbe HA.LL effect). 

In the experiments before a determination of the resistance of the 
bismuth in the magnetic field a determination without magnetic field 
was always made, and the increase of resistance èaused by the 
magnetic field was calculated, by a direct comparison of these resistances. 

Rence we obtained for the resistance out of the magnetic field as many 
values as there were measurements. The agreement between thrse 
values was always very satisfactory, once more confirming that the 
tempeI'ature remained constant during the experiments. For, these 
observations were made at the same time with those for the HALL-effect. 

For tbe calculation of the resistivity we further want the dimensions 
of the plate in the transverse section, which were known accurately, 
and the distance of the l'esistance-electrodes, which could not be 
obtained with the same accura,cy, were it only because the pJaries 
of contact were rather large as compared with their distance. In 

1) Versl. 25 Maart '99, p. 486. Oomm. N°. 48, p. 6. 
\ 
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order to get nevertheless at the various temperatures a good co1'
respondance in the values of the l'esistivity, immediately before or 
af ter a series of lllcasurements a determination of the resistance of 
thc bismuth at ordinary temperatul'e was made. In this manner we 
got an accurate determination of the ratio between this resistance 
and that at the lower or higher temperature. Finally.for the resist
iv!ty at 11°.5 C. a value was accepted as righr and from this thc 
values at other temperatures were calculated. The difference between 
the value calcuJated in this mannel' and that obtained directly was 
in the most unfavourable case only 2 pCt. 

A correction for contraction of the plate of bismuth and the plate
carrier by cooling would be too small to be worth considering. 

We first communicate the results for the percentage increase of 
the resistivity in the magnetic field. 

Percentage increase of r~sistivity b,r. 

Tem per a t ure i n d e g ree s een tig rad e. 

+ 1000 90° 

111 I Ar 
\ 

MIM M I t.r 
! M r Ar M ! Ar 

! 
2200 0.9 1050 0.9 10liO 1.5 1020 3.5 2050 35.9 

3950 2.6 20GO 3.0 ~140 5.2 2140 12.5 3730 90.2 

4830 4·.0 3060 5.8 3110 9.7 3100 22 4 4740 127.1 . 
6100 (..8 HSO 10.4 37!l0 13.2 3760 29.9 6000 175.7 

- G030 16 6 4410 16.6 4150 34.6 

5250 21.5 5200 47.7 

I I 6050 26.51 6110 59.6 , 

It appeared that the formula for the increase of resistance given 
in Comm. nO. 48 

repl'esents very s[ttisfactol'ily the dcterminations at all the tempemtur'es 
of observation. For brevity I shall not mention here the calculated 

1) Vers!. 25 Maort '99, p. 485. Comm. N0. ·1.8, p. 4 .• 
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values and communicate only the values of Cl and C2, and tho largest 
deviations bet ween calculation and observation. 

Tabs Cl C2 

I Largest 

I deviation. 

91 0.312 14.027 3.7 

183 o 285 4.381 0.69 

250 0.219 1 6S1 0.34 

2846 0.187 0.968 0.29 

373 o 069 0.220 0.12 

In fig. 4 the curves are drawn through the calculated points, the 
crosses indicating the observations. 'I'hey also show a good agreement, 
while the deviations are not systematically distributed. 

~, o_ I -vo 

v 

100 ~-r--r-+--+--r-4--r~I~~1--~-r~--r-~ 
~+-~-+--~.+-~-+~/~-+-,r-+-~._-r--

/ 

1/ -90 

1/ 
/ 

Fig. 4. 

By rneans of the values of the percentage increase calculated from 
this formula and the results for the resistivity out of the magnetic 
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field (second column) the following values for the resistivity in the 
magnetic field have been found. 

Resistivity r (multiplied by 10-5). 

Magnetic field in C. G. S. units. 

Tabs. 

I I I I I I 
0 1000 2000 3000 4000 5000 6000 

91 1.711 1.894 2.316 2.826 3.418 4.054 4.718 

188 1.526 1.578 1.701 1.853 2.023 2.219 2.423 

250 1.600 1 623 3.683 1.744 1.828 1.920 2.020 

2846 1.690 1.703 1.738 1.783 1.839 1. 904. 1.967 

373 2.094 2.098 - 2.111 2.129 2.]52 2.180 2.212 

These results are represented graphically in fig. 5. 
If we compare them with those of FLEMING and DEWAR 1), it 

40 ~ 

1:: 600c 

\ 
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.m;o \ 

\ \ 
s 1\ \ 

13 } 1\ 
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I~ \ 1\ I 

\ \ I 

:\ 
.. ~ \ \ '\ \-

" 
'\ "- ""- ~ ~ r--.... k:::; ~ • JOD~ ""- " i'-. r--. --::::: ..... 
" v .... 
........... ........... 

J,3 

0,. 

Is:'" 
S() JI» ~() %OD S'D ._ JS. '" 

Fig. 5. 

1) Proc. Roy. Soc. 50, p. 425, 1896. 

13 
Proaeedings RO;Y'!II Aalld. Amsterdllw. Vol. lIl. 



- 198 -

( 188 ) 

appeal's that the general chal'actcl' of the curves is the same. The 
resistivity out of the magnetic field howevcr does not continuously 
decrcase here, as with thc electrolytic bismuth from HARTMANN alld 
BRAUN, but reaches a minimum and then rises again to about thc 
va,lue it showed at ordinary temperature. FLEMING and DEWAR 1) 
found a similar behaviour with some samples of bismuth carcfully 
prepared by chemical means; my curve happens to eoincide prae· 
tically with tbe one they found with "M.A.TTHEY'S Bismuth (E)". 
Hence very likely tbe bismuth of my plate also contains only a 
very slight impurity; for the present research this impurity is of 
no consequence. 

5. .An.qle of rotation of the equipotential lines. A combination 
of the results of § 3 and 4 enables us to calculate the angle, through 

- whieh the equipotential lines are turned in the maguetie field. Thus 
if the product RM is devided by the resistivity r, the quotient 
is equal to the tangent of that angle. Again the quotien~ of 
Rand r is equal to that same tangent for a magnetie field 1, a 
quantity first introduced by LEDUC 2) and which we shall eaU D as 
he did. From what follows it will appeal' that this quantity has a 
simpier theoretical meaning tban the HALL-coefficient R. 

The results of the ealculation of D are found in the following 
table and in fig. 6. 

Rotatiomtl cOE'fficient D (multiplied lIy 105). 

Maglltltic field in C. G. S. units. 

Tabs. 

I I I I I ]000 2000 3000 4.000 5000 6000 

{)1 32.!! 23 8 17.6 13.~ 10.5 8.5 

183 17.75 14.7 12.3" 10.6 IJ 1 7 8 

250 10.4.8 10.48 !!.50 8 66 7 82 6.39 

284" 7.81 7.31 G.7!! 6.28 5.80 5.39 

373 3.47 3 4.0 3.32 3 23 3.14 3.04 

In order to facilitate a survey of the intluence of temperature 

1) Proc. Roy. lust. Juna 5, 1896, p. t6. 
2) La Lumière Electrique 2!!, p. 230, 1888. 
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and of magnetic field on D, I tl'ied to represent thc results fol' 
each of the five temperatures by a formula of the same form, and 
succeeded very weU with the formula 

Do D = --___ -,.~-___ __:_:-::-
1 + Dl V.'1ls + Ds M2 

As in the case with the increase of l'esistance I shall give here only 
the constants, and the largest deviations from the calculated values. 
M was expressed here \ in the unit 1000 O.G.S., D in the unit 
10-5 O.G.S. 

Largest Do 
Tabs. Do Dl Ds 

deviation Dl 

91 47.18 0.3708 0.06603 0.14 128 

183 21.13 0.1850 o 01714 0.18 114 

250 11.50 , 0.0885 0.00736 0.03 130 

2845 8.40 o 0663 0.0045l 0.03 126 

373 3 53 0.0155 0.00188 0.002 (227) 

Fig. 7; contains the curves . drawn to represent these formulae. 
13* 
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Do is evidently the limit to which D approaches in very weak 
fields; this quantity is best adapted to form a judgment of the influence 
of temperature alone, as the influence of the magnetic field on the 
l'esistivity of bjsmuth may be neglected in sueh weak fields. 

The coefficients ])0 and Dl show a somewhat parallel course, as 

Do 0 0 appears from tbe column headed Dl. nIy the ratio at T = 373 

differs considerably; but here tbe line is almost straight and the 
whole variation with M flmall, 80 ihat the interpolation and with 
this the deduction of the coefficients becomes a little arbitrary. If 
we put Dg = 0 fol' T = 373 0

, then the results fol' that ternperature 
are l'eprcsented to within differenees of at most 0,03 by a formula 

D 
with Do = 3,56 and Ih = 0,0206, aDd hence with -E. = 134. 

Dl 
All coefficients are approximately proportional to T- a, where a is 

greatel' than 1, especially fol' Dg. 
Whilst, as we saw hefore, even at tbe lowest temperature tbe 

product RM increases throughout with M, we see here in fig. 6 that 
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the product DM (drawn on a Ecalo 1000 time. smaller than D) 
shows a maximum at -182° O. 1). This peruliarity also is borne 
out by the formula, in which above a definite value of M the term 
D2 M2 dominates; one might even deduce from it thut in strong 
magnetic fields (17.000 to 20.000) the product would have its highcst 
value at the highest temperature, which does not seem very probable. 
But it is possible that with the very high values which thc trans
vërse differenre of potentifkl reuches in this plato a disturbance is 
cam~ed hy the electrodes for the primary cUl'rent, which are 3,5 m~f. 
thick and hence ean certainly not be eonsidered a~ mere points, so 
that we do not measure the full HALL-effect. VON ET'l'INGSHAUSEN 

and NERNST 2) found that the fuIl HALTJ-effect was almost reached 
when the ratio of breadth to length was ai! 2 to 3, and the primary 
electrodes fu11y covered the sides. In their r€search howevor they 
did not obtain nearly sueh high values of R. If therefore my pre
sumptioll is justified, one might suppose that the true effect is repre
sented by the same farm uIa with D2 ' O. DM approaches th en for 

all temperatures to a common limit Do. 
Dl 

6. Remadcs on the theot'y of tlze pltenomenon. 
These results may contribute to the determination of the temper

ature-functions 1Ie' and el in VOIGT'S thermo-dynamical theory 3). 
The theory of the HALL-phenomenon, based upon the recent theo

ries of the conduction of electricity in metals, such as that of LORENTZ 4) 
or as a p~rt of the "Electron-theory of metals" ,. al'ter DRUDE 5), is 
at this moment still in the nascent state. Yet I think it possible 
even now to draw from the foregoing some eOllclusions with respect 
to that theory and to indicate how far Fbis theory is able to give 
an explanation of the infl.uence of temperature and of rnagnetic field 
on the constants which represent the HALL-effect. 

As yet the 0111y completely elaborated theory on this basis is that 
of RmCKE 6). This gives the following formula 7) for the HAT,L ·coefficient: 

I) This maximum 0,536 is smnller thnn tlle vnlue 0,7<10, giv8n in Commllnicntion 
N0. &3. There however a preliminary value for t11e resistnnce wus nssumed w11ich 
now appenrs to have been too low. 

2) Wien. Sitz. Ber. 94, p. 568, 1887. 
3) Wied. Ann. 67, p. 717, 1899. 
4) Versuch einer Theorie der electrischen und optisch en Erscl1eiulIngen in bewegtcn 

Körpern. Leiden, 1895. 
Ii) Ann. der Physik. 1, p. 566, 1900. 
6) Wied. Ann. 66, p. 345 en 545, 1898. 
i) ib. p. I) 6S. 
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p = _~ ~t2 Un-V'), gp 

r lt .qn+V gp 

(r = conductivity, 1& and v velocities of the charged partic1es 
caused by a potcntial gradient 1, Up and gil velorities caused by a 
temperature gradient 1). 

Hence for D we find: 

According to Rmclm's theory u and v, and likewise gp and gn, 
are to be multiplied by the eame factor for val'iations of temperature. 
From tbis it fo11ows immediately that with change of temperature 
D is mIlltiplied by the same factor as 1& or v. 

Precisely the same result is dcduced from the formula for the 
HALL-phenomenoii in rlectroJytes, given in my thesis for the doctorate 
aud in Comm. N°. 41 1), whieh wholly ag'l'ces with a formula deduced 
by WIND 2) for the HALL-effect in metals. This reads: 

R = r (u-v) hence D = (u-v). 

Jf 1& and v undergo proportional variations with temperature D 
here also is multiplied with thc same factor. '1'he ~ame would 
appIy if 1& were many times greater than v, or the reverse. Therefore 
we shall assumc for simplicity that the temperature-variation of D 
is controlled by that of u. According to tlw dedudions in my thesis 
and to the theories of RmcKE and DRUDE 

I 
u=J(~ 1) 

V 

",here K is independent of the tempentture, l is tbe mean free path 
and v the mean velocity of the ehargcd pal'ticles. 

The suppositions made regardillg the variations of I and v with 
tcmpemture will hence determine the temperaturd factor of u. 

HmcKE assumes: 
1= 10(1- (JI) 

v = q/ T (1 + (j t) 

I) Thesis p. 107. In Comm. nO. 41 (Yersl. d. Verg. 28 Mei 1898, p. 53, Comm. nO. 41 
p. 9.) tl/e formulll for D contllÎns anotller numerica1 factor. 

~) Verh. Kon. Ak. v. Wet. Deel v- No.. 3, § l7. 
8) Thesis p. 104, RIECKE 1. C. p. 377, DRUDE 1. C. p. 575. 
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henoe tho tempertl.ture factor of D boeomes 

where t means the temperature in centigrade degrees, and T the 
absolute temperature. Tbe shape of this formula remains the samp 
even if W'(' should ilssume that v is strictly pl'oportional to VT, 
as then only (Y becomes zero. 

If this formula is applied to the vaJues of Do, these appoilT to 
be reconcilable with it if (,8+0) (or fJ in the limit) is posiûve. In 
tbe Jatter case this means that tho mean free path decreascs with 
rîsil1g temperaturcs, which is according to RJECI(E'S assumptions. 

When the range of temperaturo from 373 to 91 (abs.) is sub
divided into throe parts, we find as mean values for (~+J) or ('1 

373 -2845 

183 -91 

0,00898 

0,01481 

RIECKE himself calculates 1) fl and ° from tho variation of thc 
conductivities for heat and electricity in bismnth between 00 en 1000 0., 
however using arelation botween ° anel another tempprature-coef
ficient which is perhaps not unobjectionable; he finds I~ to be 0,00205, 
J - 0,0000103, hence 

P + J = 0,00204 

a result of the same order of magnitude. AIso considered ap,ut 
the results deduced above necd not be ealled improbable. 

Calculating however the valucs for the same temperature CO(lffi.

cient in the magnetic field 6000, we find 

373 -2845 

2845-183 

183 -91 

0,Q0382 

0,00159 

-0,00207 

It 8eems impossible that the value of iJ could be so different in 
tbe magnetic field. 

1) l.c. p. 573. 
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An explanation of this appm'ent conlradiction (Jan ~e obtained hy 
means of tlle hypothesis, that in the ma,qnetic field the number of 
free cltarged particles is diminished, the same hypothesis, which Ip,ads 
to an explanatian of the increase of the resistance in tbe magnetic 
field, and of the proportionality between longitudinal-effect and increase 
of resistance 1). 

IndE'ed in my thesis 1 ventured the suppasition S), that .this 
decrease is raused in the following way, that the particles with 
velocities smaller tban a certain amount (say smaller than a critical 
velocity $) are caused to move in closed orbits in the magnetic field 
and cease to partake in the transferénce af the current. It is evident 
that the mean velo city of the remaining, free particles will be greater 
than tbe mean velacity af all particles. Hence in Dur farm uIa we 
aught to insert far v the mean velacity af all particles, multiplied 
by a facto?' q. In a magnetic field of definite strength the critical 
velocity $ has a definite value which in my thesis I assumed pra
partional to Jf. The lawer the temperature, the largel' the number 
of partieles with veloeities below the critical. If now far a 
moment we assume MAXWELL'S law for the distribution of the veloc
ities of the free particles, then it appears that the rato of increase 
of q is greater, the largel' tbe ratio of the critical velocity ta the meELll 
velocity of all partieles, or, that the rate of increase of q itself increases 
with falling tempemtures. 

For a constant value of the maglletic field and hence of 3', this 
result may be intraduced easily into the formuia by giving to ~ a 
rather large negative value far a mngnetic field of 6000; in this 
mannel' the negative sign of (fI +~) would be explained. 

We have not yet thc data to enquire whether our hypothesis 
gives a quantitative e~planation of the phenomena. But we may 
notice that the hypo thesis is sufficient ta alsa explain other partic
ularities in the variation of the quantity D, as may be se en by 
reference to fig. 6 and 7. 

Tbe decrease af D with increasing magnetic forces at constant 
temperature (fig. 6) is eXplained immerliately by thc increase of IV; 
for the mean velacity of all particles remains constant, and q con
sequently increases. This decrease of D is most rapid at the lowest 
temperature i this also is explainable, as then the critica) velocity 

I) See Vers!. Kon. Aknd. v. Wetellsch. 25 Maart 1899, p.496. Comm. No. 48 p. 23-
2) See p_ W~. 
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is grèatest as éompared with thc mean velocity and the rate of 
increasfl of q is larger. Jf the critical velocity happened to become 
mllch larger than the mean velocity, v wouW become approximately 
independent of temperaturc; henrc this might be the explanation of 
the smaIl influence of the temperature in strong fields, and ren der 
it probablo that in a very strong field D would bccomc independent 
of thc temperature . .A maximum of the quaDtity IJM at - 1820 C. 
would not be eXplained, but one might expect an approach to a 
constant value, as the critical YeloClty and hence thc mean value 
of v for thc free particles increases proportionatply to M, so that 
D would decrease Dendy proportionately to the inverse of ... V, which 
is completely in agreement with our formula, jf we put in it D2 = O. 

Our hypothesis throws also some light upon the reason why the 
increase of the rcsistance in the magnetic field for small strengths 
is proportional to a power of M higher tban first. For ifwe assumc 
MAXWELL'S luw, then tbe probability that a particle has a velocity 

'" 
smaller than :IJ is proportional to J a-2e - x2 d.c; for very smaIl val ues 

o 

of :c we may take e x2 equal te unity, and find then that thc nllmher 
of particles with velocities smaller than :zo would be proportional to 
the third power of :zo, which meaDS to the third power of M. The large 
inerease of the resistanee at low temperatures can be explained by 
the decrease of the mean velocity as compared with the cri ti ral 
véloeity. Finally WA TE.'mark, that, as at - 1820 C. the resistance is 
increased nearly in the ratio of 1 to 3 in a magnetic field of 
6000, it hence seems that about 2fs of the free particles 108e their 
freedom in tha.t case. At 1000 C. on the contrary this number is 
very smaH, so that between these temperatures q should undergo a 
considerable change. This is in agreement witb tbe 1arge variation 
of tbe vallIe of ((J + 0). 

'[bis survey is of course only superficial and leaves several questions. 
undiseussed. I think bowever that it affords sufficient reason to 
aSGume, that with the introduction of this hypothesis in the electron
theory of met als ft step has been made in the right direction. 
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Chemistry. - "On the system: [Bt20s-N205-H20]". By Prof. 
J. M. VAN BEMMELEN. 

Dr. G. M. RUTTEN has occupied himself in the Inorganic chemical 
Laboratory of the University of Leiden with the investigaiion ofilie 
system 

according to the phasp rule. He also has, when studying the solid 
phases, subjected the observations of former investigators (HEINTZ, 

GLADSTONE, BEcKER, JANSSEN, RUGE, YVON, LUDDECKE, D.rTTE and 
others) on the basIC nitrates and the so-called "Magisterium Bis
muthi" to a critical investigation. 

His results wore as follows: 

A. The solid phases. 

1. The neutl'al salt Bt2 Os. 3 N2 05, 10 B 20 (in futura called 
briefly ZIO 1)). ThiS 1 formula accepted of late years has been found 
correct. The salt does not possess a truc melting point as formerly 
stated (72°), but it decomposes at 75°,5 into a liquid alld the basic 
salt B/2 Os. N2 0 5, B20 (BI-I-I)' 

The prismatic, triclinic crystals exhibit an angle of oxtinction of 26°. 
Two further hydrates of thc neutral salt were discovered: Z4 

and Zg. 
n. The neutml salt Za (with 3 Mols. of H20). It was obtained 

at the ordinary temperature from ZJO, or from Bis Os by aildition 
of anhydrous nitrit' acid, in regular crystals as beautifully formed 
rhombic dodecahedrons. It should be mentioned that its composition 
eould not be determined directly, bccause it was not possible to 
separate the crystals completely from thc syrupy mother liquor. The 
composition was deduced by means of SCHREJNElIlAKERS' method of 
calculating, from the graphical cOllstruction in an equilateral tri~ 
angle of the compositions: 1 st of two different mother liquors whic,h 
were in equilibrium with crystals of Za, and 2nd of the crystals 
thcmselves with some of the mother liquor still adherillg. The same 
applies to the salts presently to be descl.'ibed Z4 and BI- 2- I , wbich 
alsa could not be separated from the adhering mother liquor. 

lIl. The neutral salt Z4 (with 4 mols. of H20). A definite mode 

1) In future the snlts which ('onmin 1 mol. of B/20a. 8 Mol. N200 nnd 10 or 4 
or 3 Mol. H20 will be briefly called ZJo, Z4. Za; similnr1y the bnsic salts will be 
written Bna-ua-na if they contnin nl Mol. of B,2 0a, D2 Mol. N2 O, nnd Ua Mol. H:O 
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of preparing this cannot yet be given. Tbe salt was accidentally 
discovered when making efforts to realize points of a quadruple }ine 
in the system [ZlO, Za, L, G] 1). Tbe crystals differ from Zs and ZIO 
as they are not regular and bave an angle of extinction of 90°. 

IV. Hydrate of Z t'n a colloidal state. This was discovered 
when anhydrous nitric acid was dropped into a mixture of Z10 with 
astrong solution of Bismuth nitrate. A saIt was deposited in the 
form of transparant jel1y which enclosed all the mother liquor. The 
colloidal state lasted, ho wever, but a short time. Very soon small 
crystals were deposited which made the impression of octahedrons, 
perhaps Zs or another hydrate. TIH'y have not yet been investigated. 

V. The basic salt BI-2-2. In one experiment ZJO was decom~ 
posed at 75° (which gave rise to the formation of BI-I-I), then 
mixed with Zs, heated to 80° and cooled down to 68". A crystalline 
salt was produced which differed in form from Zlo and Zs, had an 
~ngle of extinction of 40°1 and the eomposition BI - 2 - 2 • .More ana~ 
lyses are however desirabIe. 

VI. The hasic salt BI- 1- 2• The investigation and the analysis 
confirmed the fact that this salt is the first product of the aotion 
of cold water on ZlO; also of cold dilute nitric acid containing less 
than 6 pCt. of' NZ05 on ZIO; Ol' of cold water on a not too acid 
solution of bismuth nitrate. It forms smal1 scales, exceedingly thin 
crystalline plates without a definite shape and showing double 
refraction. They are not permanent when they remain in contact 
with the mother liquor but gl'adually become convel'ted into another 
basic salt. It cannot even be dried over sull'huric acid without de
composition. No nitric acid is expelled but it loges water until 
0.7 mol. of this is left. This behaviour is not yet explained since 
B1- 1- 1 does not lose water over sulphuric acid. The velocity ot 
change and the composition of the basic salt both depend on the 
concentration of the mother liquor and the temperature. As such basic 
salts have been found: BI-I-I, BlO-9-7, B6- 5-8(9). It has not yet 
heen ascertained at what dilution and temperature between 20° and 
75° the formation of B1- I- 2 by the action of water on ZIO ceases 
and BI-1-I is formed (or B IO- 9 - 7 or B6-5-S). 

VII. The basic salt BI-I-I. This salt is fOl'med from B I- I - 27 

1} L = Solution, G = V npollr. 
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when this retnains in contact with a solution containing mOl'e than 
1 pCt. N20 5 • lf thc nitric aeid amounted to a few percent only 
the change required some months at the ordinary temperature. 
When a few more percent were present the time was reduced to a 
few weeks. 'rhe more the streng th of the acid approaches the point 
where the existence of ZUl becomes possible, namely 24.83 pCt. ofN20 5 

with 32.9 pCt. of Bl20 S at 20°, the more quickly the change will 
take place. For instance, if it contains 21 pOt. (with 27.15 pCt. of 
Bt20S) the change only takes a few hours at 20° 1). .At higher 
tempm'atures - between the limits 9° and 75° - the change 
proceeds proportionally more rapidly. ~ 

The crystals thus formeel are probably monoclinie and have an 
angle of extinction of 10°_15°, 'Their composition was determined 
by analysis} which had not been done as yet. 

When Z10 decomposes at 75.5°, the same salt is formed, but 
it then has another crystalline forma It forms hexagonal thin 
prisms which are apparently isotropic but extinguish to the 
l'ight if they lie on a side plane (salt (1). .Analysis gave the com
position BI-I-I' It is also formed, together with_ the first form 
(salt a), at Iower temperatures, such as 65°, from Zlo and a solution. 
The salt (j seems to be more stabIe than the salt ce; since in a 
solution from which the salt ce had first deposited, this was af ter 
some time converted into tho salt (I, the liquid having undergone 
no perceptible change in composition 2). 

VIII. The basic salt B6- 5- 9(s> This salt is formed (as shown 
by very concordant analyses) at the ordinary tempera tu re from 
BI - 1- 2, when this remains for some months in contact with a very 
dilute solntion « 1 pCt. of N 205 and < 0.33 pCt. of Bl2 Os). 

It also crystallises out w hen Zlo is decomposed by water, and the 
solid salt which is formed is I dissolved in much water. 'rhis soIu1.ion 
after a short time deposits B6- 5- 9(S). Even when the seales (lll-1-2) 
are left for a long time over water so that they attract moisture 
and beeome covered with a layer of liquid, this salt is I gradually 
formed. In one experiment, they were completely converted af ter 
the lapse of one year 3). 

The crystals are bi-axial, optica,lly negative and belong to the 

1) The crystals of Bl-1-2 were shaken in a sbnking-appnratus witl! the solutions 
for I) hours. 

2) Some difi'erence must eltist, though Il very small one. 
8) For instanee, 11 dilution obtained by lIdding 1 part of Z,o to 24 parts of H~O. 
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rhombic system and consequently extinguish to the right. Placed 
over sulphuric acid they behave like Bl-l-l losing neither nitric 
acid nor water. 

They are- also formed at higher temperatures from BI- I- 2 or 
,BI-I-I, even when the solution is still more concentrated, but they 
then appear as small right - angled rhombic crystals. They are very 
stabie, for tbey may be boiled for a considerable time with water 
wIthout losing their transparency. A portion, however, dissolves but 
again deposits on cooling' as BS- 5- 9(S). Larger crystals of the same 
composition are also formed. When heated for some hours on the 
boiling waterbath, the crystals become opaque; thcy have then 
disaggregated to a minute crystalline powder of B2- 1- 1• 

The number of mols. of water in tbe salt BS- 5- 9 (S) is not yet 
quite fixed. It varies from 8-9 and it remains possible that there 
exist two hydrates with 8 and 9 molslof H20 respectively, and 
that this may account for the small, difference in the crystalline 
form lloticed in different preparations. A furthcr investigation must 
decide. 

IX. The basic salt BlO- 9- 7• This compound is nearer to BI- 1- I 
than the preceding one. By treating Zlo with water a salt answer
ing to this composition was obtained occasionally. The crystals 
extinguish to the right like BS-5-S, but still they make another 
impression; they a]so exhibit a weaker' double-refraction. 

On treating Zlo with warm water, not only' BS- 5- 9(S) but also 
BI- I- I and BlO- 9- 7 made their appearance and this appeared to 
depend on the quantity of water present. 

Bl- I - 1 with a quantity of l-about 3parts of waterto lpart of Zlo 
BIO-9-7 :. ~ l) l) about3- l) 20 :t l) :t :t l) ~ » 

B6-5-S(9):' l) » l)'" 20-25 or more l) ~ l) :t :t Zl 

An investigation was I instituted to see whether BIO- 9- 7 represented 
merely a state of transition between B1- I- 1 and BS-5-S, and whether 
crystals were obtainable which stood nearer to BI-I-lor to BS-5-S, 
but this investigation bas not as yet given any positive results. 

X. 'l7te basic salt B2- 1- 1• As already stated above this salt was 
obtained in a crystalline condition as the Hnal product of the action 
of boiling water on the neutral salt. This is in agreement with the 
experienee of former investigators. The crystals were tOQ small to 
permit their shape to be properly observed. 
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XI. Tlte basio salt B5- 4- 9, B4- 3- 9, B5-8-S, BS- 3- 6 described 
by JANSSEN , BECKER, DUFLOS and HERBERGER do not exist. 
Following tkeit metkods of preputation no ofher salt tkan B6-5':9 (S), 

could be obtained as shown by the crystalline form and thc analysis. 
As the analytical process used hy these investigators was faulty 
as regards the nitric acid, we may assume that they have found 
too little nitric acid. By a too proJonged washing with hot water 
(DUFLOS and HERBERGER) they may have had to deal with mix
tures of B6- 5- 9 and B2- 1- 1• The said basic salts must therefóre, 
be rejected as long as there is no better proof of their actual 
existence. 

XII. ...llagisterium Bismutlti. The preparation of this pharma
centical pl'eparation is differently described in the pharmacopaea and 
chemical manuals and its composition is given wrongly. As all the 
pharmacopaea direct the decomposition of Z]O with about 20 parts 
of hot or boiling water, it cannot consist of Bl - 1- 2 or BI-I-I, but 
must contain B6- 5- 9 (S) or BlO- 9- 7, or a mixture of both, sometimes 
even B2- 1- 1• An investigation showed that different Dutch pharma
ceutical preparations answered to ·tbe composition B6- 5- 9 (8) and 
others to a mixture of this salt with BlO- 9- 7• 

B. EQUILIBRIUMS IN THE SYSTEM [Bt2 Os-N2 05-H20] 
WITH SOLID AND LIQUID PRASES. 

The vapour phase has been altogether left out of consideration so 
that all results relate to the ordinary atmospheric pl'essure. 

The course of the Isotherms, which indicate the composition of 
the liquid phases which were in equilibrium with the different solid 
phases, was totally or partially dètermined for three temperatures: 
20c~30o-65°. Some fcw points were also determined at 9°, 11° 
and tcmperatures between 65° and 80°. 

These isothel'ms ware graphically represented in the well-known 
manuer in equilateral triangles ; with the aid of these a regular prism was 
constructed, the length of which answers to the temperature axis 1). 

In this way a figure in space was formed of which I now present 
to the meeting a plaster cast, with the following perspective drawing 
of the same. 

The triangle in the front sUl'facc of the figure corresponds to a 

1) Tbe points at the angles of each, equilateral t,riangle (therefore the long sides of 
the prism) nllswer to the compositions 100 pal't$ of H,O, 100 parts of N~06J 100 parts 
of Bj~ Oa. (See tigure,) 
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temperature of 9°. The point h whieh lies furthest-back is situated 
in, the triangle of 75°.5. The equilibria of the system which are 
possible at these tempel'atures in the most dilute and the most 
concentrated solutions, and also the equilibria at temperatures below 
9° and above 76° are as yet entirely wanting. 

0, 

On the isotherm at 20°, the oourse of the branches was deter
mined where the salts B6- 5- 9, BI- I- 2, Zlo and Z3 occur as solid 
phases in the system. lu the figure it is shown by a dotted line. 
'Fhe branch with Zlo is determined at 30°, the branches with 
BI-I-I, ZIO and Z3 as solid phases are determined at 65°. The 
courses of two quadruple lines 1) were also determined. 

1. The one (a b c in thc figure) which has thc soIid phases 
BI-I-I and ZIO has been determined bet ween the temperatures 
9° (a) and 75°5 (b) and further back to 72° (c). This line shows a tem
perature maximum at 75°5, wbere Zw is decomposed into B1- 1- 1 

and liquid (p. 198). It th.en rehends itself. lts backward course bas 
been examined up to 72° (0 in the fig.). 

2. The quadruple line which has -the solid phases Z10 and Za 

1) The quadruple lines sepllrate the triple surfncés formed by the different isothermal 
curves of different tem peratures. 
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has been determined between go and 65° (points d and e iu thé 
fig.). The region of Bl-l-l (A in the fig.) bet ween go and 75°5 
has been to a great extent explored, but its boundary with -the 
region Bl-I-2 and of B6-5-9(8) is not yet known. The regions of 
BI- I- 2 and of B6- 5- 9 (8) are situated near the 10w concentrations. 
They partIy cover or praetically coineide with the region of B1- 1- 1 

or with each other, because BI- I - 2, whieh is the more labile phase, 
can change in presence of the same 1iquid into the more stabIe phalles 
BI-I-lor B6- 5- 9, whieh eauses but very little change in the Iiquid 
phase. 

rrhe region of ZIO' as asolid pllase (B in the fig.), has been 
explored between 9° and 75°5; exeept a small portion at the right 
of the fignre between 65° and 72°, where the region is probab1y 
bounded by that of BI- 2- 2 and that of Z4' The missing part lies 
between c and e as indieated in the figure by a right angle. 

Of the region of Z3 as asolid phase (0 in the fig.) onlya portion 
is known: lst. beeause the quadruple line with Zs and Zt as solid 
phases, whieh must bound it on one side, has not yet been determined 
2nd beeause it has not been determined how far the isotherms with
Zg extend to the right. These have not been eontinued further than 
the point, where the liquid phase reaehes the strength of 1 mol. of 
N20 5 on 1 mol. of H20. It remains possihle that with solutions, 
",bieh eontain less water still, Z3 is not capable of existenee, but 
that a neutral salt with less tban 3 mols. of H20, or an anhydrous 
salt or a salt with more than 3 mols. of N 205 takes its place. In 
each case the region of Z3 must end and pass into anotber one 
hefore the system is reaehed whieh consists entirely of Bt203 
and N20 5 1). 

From this it is evident that the solubility of B1- 1- 1 inereases 
pretty regularly hetween tbe said temperatures with the amount of 
nitrie acid in the liquid phase, hut that it again slightly deereases 
aftel' tbe temperature maximum of 75°.5. The solutions which are 
in equilibrium with Bl-l-l differ (as above melltioned) very little 
from tbose whieh belong to B6- 5- 9(8)l at least at 20°. The solubility 
of ZlO hetween 9° and 75° first decreases rapidly with tbe iDerease 
of nitrie acid in the liquid phase, then passes through a minimum 
and then again increases until Z3 beco}l1es the solid phase. The 
solubility of Z40 decreases rapidly with the increase of the strength 
of the nitric acid. It is not known whether it also passes through 
a minimum. 

I) Tbese systems lie in the graphic representntion on the right side plane of the 
regular triangulllr priem. 
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The graphic representation of the experimentally found triple
planes and quadruple-lines in an equilateral triang'le (in the weIl
knowll mannel') allows of the prediction of quite a series of cases 
of equilibrium. So for example it may be concluded what will happen 
when a certain quantity of Z]o is treated at a certain temperatm'e 
(within the observed limits) with increasing quantities of water, i. e. 
which solid phases are formed and what composition the liquid phase 
possesses. Also what will happen when a certain quantity ofthe basic 
salt B1- 1- 1 (with or without motherliquor) is treated with increasing 
quantitieH- of nitric acid of a certain strength, or when the strength 
of the acid is illcreased. If mayalso be concluded which mixtures of 
Bt20S, N205 and H20 may lead at a ccI'tain temperature to the for
mation of one of two above mentioned solid phases, and which 
changes that mixture wil] undergo at increasing or decreasing tem
peratures. And so on. 
~ The isothermal curves at temperatures above 75.50 are not yet 
determined. This determination will 'present great difficulties in 
its execution, particularly in the separation of the solid phases. 

The agreement in form of the triple-lines 'in this system with 
those of [HgO-SOs-H20] as determined by O. HOITSEMA (Zeitschr. 
physik. Ohem. 1895, 17, 651) is worthy of notice. 

Chemistry. - Prof. A. P. N. FRANCHIMONT presents to the library 
of the Aeademy the dissertation of Dr. L. VAN SCHERP1~NZEEL 
entitled : "Tlte action of hydrogen nitl'ate (real nitde acid) 
on tlte three ioluie acids and sorn8 of tlteil' derivatives", the 
contents of which he explains as follows: 

The research of Dr. VAN SCHERPENZEEL is connected with that 
of Dr. MONTAGNE about which I reported last January and was under
taken at the same time. It I'equired tbe knowledgo of a twenty new 
compounds which have been preparerl by Dl'. VAN SCHERPENZEEL 
and are described in his dissertation. 

Following up the researches of VAN ROMBUROH in 1885 and of 
TAVERNE in 1897 and 1898 on the action of nitric acid on benzoic 
acid and some of its derivatives, sueh as the methyl ester, the amide 
and both the methylamides, the question ~lrose what influence would 
be excel'cised on the aetion of the nitric acid by the introduction 
of an atomie group in different positions into tbe benzene nucleus. 
Whilst MONTAGNE had ehosen the monoehlorinederivatives and th us 

14 
Proceediugs l{oyal Acad. Amsterdam. Vol. lIl. 
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introduced the negative element chlorine into the nucleus, n.N 

SCHERPENZEETJ did the revcrse and chose the monomethylderivatives 
with the positive group OHs, which are isomeric with phenylacetic 
acid aDd its deri vatives already in vestigated by TA. VERNE. 

It has been known since long that the temperature plays an 
important part in the actiou of nitric acid. VAN SOHERPENZEEL aleo 
found that at zero mononitrocompounds are always formed, whilst 
at the ol'dinary temperature dinitroderivatives are mostJy produced, 
although the longer duration of j he action in the second case also 
has a share in the result. TA nRNE had also olJtain ed dinitro~ 

substances with phenylacetic acid and its derivatives, whilst with 
benzoic acid only mononitroderivatives were formed, which according 
to MONTAGNE is also the case with the thl'ee monochloro-benzoic 
acids. 

The suitability of real nitric acid as a nitrating agent was also 
again demonstrated here by the easy formation of the dinitrocoDl
pounds without any oxidation. 

Tbe influence of thc groups OH, OOHs, NH2, NHOHs and N 
(OH3)2 on the nitmtion of thc benzene residue was ShOWll to be the 
strongest in the case of those containing nitrogen. With ortho- and 
meta toluic acid and their derivatives, where two isomeric nitro-com
pounds are generated, the amount of that which is obtained as a bye~ 
product is much increased. In Dot a single case, however, was the 
influence of the different groups of such a nature that the nitro-group 
took up a position other than in the case of the free acid. 

It deserves attention that in thc case of the dimethylamides of 
the three toluic acida no second nitro-group entered the benzene 
nucleus even if they were exposed for 24 hours at the ordinal'y 
temperatUl'e to the action of the nitric acid, whiJst those of phenyl
acetie acid and phenylpropionic acid yielded, according to TA. YERNE, 
dinitro-acid. 

The following facts were noticed as regards the mfluence of the 
itrated acirl-residues on the nitrogen-containing gl'OUps. At zero, 

neither the amides nor the methyl derivatives were decomposed. 
At the ordinary tempcrature only the amides and monomethylamides 
but not the dimethylamides were decomposed; the latter yielded 
the dimethylamides of the mODonitro-aciàs whilst the others we re 
decomposed and yielded dinitl'O-acids. 

StabIe methylnitramides were not obtained. There exist, therefore, 
great differences between the del'ivatives of benzoic acid, of the three 
chlorobcllzoic acids, of phenylacetic and phenylpropionic acid and those 
of the toluic arids; these differences may be reduced to their true dimens-
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ions by means of more accurate determinations keeping account of the 
temperature and time of action. Jf the present results are accepted, the 
nitrotoluic acids which are mentioned now ought to be comparable with 
trichloracetic acid. This is, ho wever, an extraordinarily strong acid, 
according to the afRnity constant, which is not to be expected of 
the nitrotoluic acids, the constant of which does not seem ta have 
been determined as yet. Again, aceording to thc afRnity constant, 
benzoic acid is a. weak acid which, excepting one case, becomes 
still weaker by the introduction of a methyl grollp ; para~ and meta-

I toluic acid, aJso phenylacetic acid are weaker, but for orthotoluic 
acid an afRuity constant twice as great as that of benzoic acid is 
recorde(l. Although by the introduction ofthe nitrogroup, particularly 
in orthoposition to the carboxyl group, tbe strength of the acid 
is much iucreaserl - the afRnity constant of ol'thonitl'obenzoic acid 
is more than a hundred -times larger than that of benzoic acid
this cannot cause the strength of the nitro aeids to equal that of 
trif'hloracetic acid. There remains fUl'thér the stmnge fact that no 
difference lias been noticed between the isomeric nitrotoluic acids 
although great differences were to be expected. 

From all this appears that the observed facts cannot b8 explained 
simply by the negativeness of the acid· residue, but that other 
causes take part in the matter as has been found repeatedly 
former similar cases. 

VAN SCHERPENZEEL regards the nitro-o·toluie acid melting at 
145°, prepared by JACOBSON and WIERSS as a mixture and attributes 
the same composition, namely 6 nitro-o-toluic acid (0 Hs at 1), to 
the acid which he has isolated from this mixture hy converting it 
into the methyl esters, selecting their crystals aud saponifying them; 
it melts at 184°-184°.5. 

The reasons for his opinion are as follows: 
It is formed together with the acid which has the nitl'ogroup at 

4 and it not only differs from this but also from those where the 
nitrogl'oup stands at 3 ~tDd 5. The position 6 is aftel' 4 the most 
favorable fol' thc introduction of the nitrogroup, namcly meta to the 
carbonyl group, and ortho to the 0 Hs. On further nitration the same 
dinitro-acid is produced which is formed froiD tho 4 mononitro-acid. 

The as yet unknown dinitro-m~toluic acid now obtaincd by VAN 

SCHERPENZEEL has been given by him the formnla 4.2 (0 Ha at 1) 
because the two preceding mononitro-acids are 4 and 2 alld also 

14* 
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because it is the most probabIe, sin ce the nitrogrollp does not readily 
take up the paraposition in reg'ard to oarboxyl during nitration. 

This acid gives a violet coloration with alkalis, the colout' changing 
gradually into éllll'k reo, a phenomenon observed a1so in other 
nitro-compounds and described by V. MEYER, LOBRY DE BRUYN, 

HANTZSCH and others. It is remarkable that 2.G dinitro-p-toluic 
acid and 4.6 dinitro-o-toluic acid did not give this reaction although 
from the position of the nitro·groups they might have been expected 
to do so. 

VAN SOHERPENZEEL finally noticed a very peculiar property of 
tbe dimethylamide of 4 nitt'o-metatoluic acid prepared by me.lUS uf 
dimethylamine from the chloride of that acid. Thc colourless thick 
cry8tals on beiag exposed to iight, more r~pid]y in direct sunlight, 
assumed a red colour whicQ is not superficial as may be proved by 
rubbing them to powder alld examining the fine pal'ticles under the 
microscope. The colour does not disappear when the substance is 
kept in the dark at the ordinary temperature, but on being repeat
edly recrystallized colourless crystals are always obtained which again 
turn red on exposure to light. This phenomenon somewhat resem
bles that to which MARCKWALD has given the name "Phototropy". 
It is remarkable, ho wever, that when the same compound is pre
pared in another way, narnely by llitrating the dimethylamide of 
m-toluic acid it does not show this phenomcnon j this would indicate 
the presence of an unremovable impurity, but no proof could be 
given of its existellce. 

He, therefore, prepared the chloride of 0 nitrobenzoic acid and 
from this the as yet unknown dimethylamide melting at 78°. This 
also turned red on exposure to light although not so strongly. 

After remarking that the dimethylamides used in his exparimellts 
were more soluble in water tllaTI the monomethylamides and that 
tbe laHer ware agaill more soluble than the amides, he gives in 
tbe annexed table the meIting points of the suustances melltioned. 
They exhibit few deviations from the ordinary regularities. It is a 
peculiar fact tllat whilst the meJting points of nearly all the deriva
tives of 4 nitro-o-toluic acid are situated higher thall those of their 
isomers, tbe acid itself and its chloride have lower melting points: 
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MELTING POINTS. 

Acid. Metlry lest er . Chloride. Amide. 

I 
p. toluie acid. 179° 340 -1'5 159°5 

m. tol uie acid. 110° _4° _ï~o 93°_94° 

o. toluie acid. 102°5-103° _54° to _51 0 - 138°5 

2 nitro. p. toluic acid. 188°5-189° 49° - 166°-166°5 

4 nitro. m. toluÏc acid. 223° 72°5 - 191° 

2 nitro. m. toluic acid. 184°-185° - - 135°5-;136° 

4, nitro. o. toluic acid. 178°-178°5 69° 59°_60° 173°-174° 

6 nitro. o. toluic Mid. 184°-184°5 66° 68°-68°5 163° 

2.6 dinitro. p. toluic acid. 159" - - -
2.4 dinitro. m. toluic acid. 173° 104°-105° - -
4.6 dinitro. o. toluic acid. 206° 73°_74° - -

Methyl.amide. mm''''1'''''d'·1 
145°-145°5 41° 

44°5-45° liq 

75° liq. 

149° 49°5 ? 

135°-136° 88°5 

- -
16\.0 105°5_106° 

131°-132° 69°5-70° 

- -
- -
- -

NitriIe. 

29°5 

-23°5 to -2'~0 

-HO 

-

-
-
-
-
-
-
-

t-O o 
-:t 

'-' 
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Chemistry. - "'1JieJ'nzodynanzics of Standard-Gells" (Bid Part). By 
Dr. ERNST COHEN (Communicated by Prof. H. W. BAKHUIS 
ROOZEBOOM). 

1. It is my intention, in this communication, to apply the 
previously doveloped thoory to the WEsToN-cadmiumstandard-cell 
and to show that it is also here in perfect agreement with experi
ment. In the first plare the mechanism of the reaction will be more 
close1y considered. 

The ceH is constructed 1) as follows: 

Hg-Hg2S04- saturated solutioll of cadmium sulphate-cadmium amalgam (14,3 pCt. of Cd.) 

We must notice here, as I ha\'e al ready said in my second com
munication, tLat cadmium amalgam does not uehave in the samé 
way as pure cadmium. The measurements of HOOKIN and TA.YLOR 2) 
and those of J.Ä.GER 8) have plainly proved this. The following 
table taken from J.Ä.GER'S communication shows this: 

Compositioll of thc amnlgam. 

Dfo Cd. Cdl Eg. 

1 1 : 100 

~ 2 : 100 

6 5.3 : 100 

la 11.1 : 100 

lVI- 12.9 : lau 

13.0 15.0 : 100 

14.3 16.7 : 100 

15.4 18.2 : 100 

20.0 95.0 : 100 

Cd. amalga-
mated. 

Cd. pure. 

TABLE 1. 

E M.l'. agaillst tbe 143 pelcent 

Cdamalgam (Volt) 

- 0021 

- 0.013 

nearly 0 

o 
o up to 1/100 millIvolt 

o 
o 

o up to + 0.001 

+ 0.001 up to + O.OlJ ~ 

o to ab out + 0.044 

+ 0.051 

gradually rising. 

1) JÄOEIl. Imd WACIISMUTU, WIEDllMANNS Anno.!en 59, 575 (1896). 
1) Journni of tbe Society of Telegraplt-Engiueel's, VlIr p. 282 (1879). 
2) WnmE\lANNS Annalen, 1i5, 106 (189<3). 
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When 2 X 96540 Coulomus pass through the cell, then 
a. 1 gram atom of Cll wIlI be withdrawn from the cadmium 

amalgarn (Heat effect Wj ) 

b. the liberated Cd \\ill combine with the 804 of the Hg2 804 

to Cd 804 (Heat effect JV2), 

c. which '" ill then abstract water from the saturaied solution of 
cadmium sulphate and form Cd 804 , %, H2 0 (Heat effect Ws)' This 
salt will deposit in the saturated solution. 

The said abstraction of water will take place according to the 
equation: 

Cd804 + %8/ Cd804• AH20 = .A As OdS04 • 8/S H20 ... (1) 
A- s - /s 

in which Arepresents the number of mols. of water associated with 
1 mol. of Cd 804 in the saturated solution at tbe temperature of 
the cello 

2. The total heat effect in the ceIl on the passage of 2 X 96540 
Coulombs is now: 

W1 + W2 + Ws calories. 

Tbe heai of formation of Cd 804 and Hg2 804 are known and 
amount to respectively 219900 and 175000 calories. 

The heat evolved whcn 1 gram atom of Cd is withrlrawn ft'om 
the amalgam (W1) has been experimentally determined hy me (see 
below) whilst the quantity of heat (Ws) evolved by the process 
represented in equation (1) may be deduced from the thermochemical 
determinations of TROMSEN, taken together with those of Mr. H. B. 
HOLSBOER which he has kindly placed at my disposal. 

a. Expel'imental dete1"lnination of the Beat evoltttion (W1) w/zich 
takes place on tlte withdrawal of 1 gram atom of cadmium 

(t'om tlw 14.3 pCt. Cd amalgam. 

3. I have not deterIPined this heat effect by thermochemical, but 
by electrochemical meana by a method which in a case like this 
deserves the preferenee on account of its very great accuracy 1). 

For ihis purpose T constructed a ceIl according to the following 
scheme: 
Cd - dilute solution of cadmium sulphllte of Ilrbitrary concentilltion - 14.3pCt, Cd amlll~am. 

1) Compare RIOU \RDS nnd Lr:WI3, Proc. Americ. Acad. of Arts nnd Sciences. Vol. 
XXXVI, 87. Dec. 1898, Zeitschr, fur phys. Chemie 28.1 (1899). 
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When in sueh a ceH the current is closed, Cd will pass trom 
the cadmium electrode to the amalgam. 

If we apply to this een tbe well-known equ<Ltion of GIBBS and 
VON HELMHOLTZ. 

Ee dE 
E= - +T-T' ....... (2) 

nEo d 

we can find Ee by the determination of thc E. M. F. of the cen 
and its temperature coefficient and this quantity is simply the amount 
of beat evalved when 1 gram atom of~cadmium is added to the amal
gam, in other words, the quantity of heat whieh we wish to deter
mine but with the opposite sign. 

G 

D 

B 

Fig. I. 

4. The ceU used had 
the farm indicated. The 
capi1laries PI and F 2 are 
sealed to the arlIJs.A. and 
C of tbe vessel ABC. The 
capillal'y Fl cornmunica
tes with .A. but P2 on tbe 
other hand is closed at 
the spot where it is sealed 
to C and admits a plati
num wire which in C lS 

wound up to a spiral S 
and projects into F 2 about 
1 cm. 

Into A is poured the 
amalgam (14.3 pCt. of 
cadmium) which is in 
direct contact with the 
platinum wire Hl, which 
runs into A. 

In to C is in trod uced 
F2 metallic crystalline cad

mi urn so as to quite sur
round tbe platinum spi ral 
S. Into F2 mercury is 
poured w hich forms the 
contact betweell S and the 
platinum wire H2• 
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5. The metallic crystalline cadmium was prepared as foUows 1): 
200 grams of crystallized cadmium sulphate were dissolved in warm 
water precipitated with ammonia and redissolved in a slight excess 
of the same. Af ter diluting to 600 cc., the liquid was electrolyzed 
between two platinum electrodes of 55 cm2• &urface at a tension of 
6-8 volts and with a current of 4-5 ampères. Splendid dendritic 
crystals of Cd are deposited at the negative electrode which are left 
in the liquid until enough of the metal has separated. 

The crystalline metal is first washed a large number of times 
with very dilute sulphuric acid, then with the same solution of 
cadmium sulphate whirh serves afterwards in the ceU Cd - CdS04, 
Cd-amalgam. The solution, the concentration of which may be 
chosen at will, was prepared hy dissol ving 200 grams of crystallizecl 
cadmium sulphate in 500 cc. of water 2). 

'1.'he metallic cadmiuni after being weU washcd (reaction with 
congo-red) was kept in this solution; the olectrodes thus prepared 
are electrically well-defined and different preparations only showed 
a mutual potential difference of 0.00001 volt. 

6. The cadmium amalgam of 14.3 pCt. was prepared by weighing 
the respective quantities of the components. In the metallic cadmium 
from MERCK no impurities could be detected by analytical means 
and the test recommendcd by MYLIUS and FUNK 3) which shows 
0.01 pCt. of zinc with certainty also gave a negative l'esult. 

The mercury was purified with mercurous nitrate and then dis
tilled twice in vacua. 

7. Af ter the electrodes in the eeIl fig. 1 were put in their plaee, 
the above mentioned solution of cadmium sulphate (which was far 
from saturation even at 00

) was poured in and the ceU closed by 
means of an india-rubber stopper, g. 

The length of the capillaries renders it possible to completely 
immerse the w hole ceIl in a thermostat. 

The E.M.F. of this ceU of which 1 first constructed 2 specimens 
for control (I and lIl) was determined at 00 .0 C. and 25°.0 C. 

The ceUs were kept at zero in H. thermostat consisting of a copper 
cylinder isolated with cotton-wool and containing a mixture offinely 

1) Compare nICHA.RDS and LEWIS, Proc. Amer. Acad. Arts and Sc., Vol. XXXIV, 
p. 87, Dec. 1898. Zeltschr. phys. Chem. 28, 1 (1899). 

~) 'l'he water wns the same 3S used for determmatIons of the electricnl conductiVlty 
(Iud consequently very pure. 

S) Zeitschr. auorg. Chem. 13, 157 (1897). 
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CJ.'ushcd ice and water. Only hy vigorously stirring with three screw 
propellers fixed at different heights in the cylinder and kept in 
rotation hy a HEINRICI hot-air motor, was it found possible to 
maintain in every part of the thermostat an equal temperature 1) of 00

• 

The thermometer used was divided in lhoo and compared with a 
standard instrument from the Physikaliscl-'rechnische Reichsanstalt 
at Charlottenburg. 

At 25°,0 C. the temperature was regulated with a toluene-regulator 
within 0°,03 C. 

The E.M.F.'s were measured, by means of POGGENDORFF'S com
pensation method. A TnoMsoN's mfrror galvanometer was used as 
the zero instrument, a sm all accumulator as the working ceH and 
a WEsToN-cell and two CLARK-cells as standards. 

The WES'fON and the CfrARK-CeUs stood in the thermostat ~ at 
25°,0 C. (also in the experiments at 0°) 2). Aftel' each measurement 
the accumulator was tested hy means of the WEsToN-cell. 

8. In the first place, 1 determined the relation between the 
E.M.F. of the WESTON-cell and of both the CLARKS A and B. 

CL.ARK ..125° = 1.3942 
WESTON 250 

CLARK B250 = 1.3942. 
WESTON 250 

If we take as the E.M.F. of tbe CL.ARK-cell at 25°,01.4202 Volt 
then that of the WEsToN-cell at 25°,0 = 1.0185 Volt whilst in the 
Reichsanstalt 1.0184 Volt has been found at this temperature. 

9. The E.M.F.'s of the cells I and In were then determined 
at 25°,0 C. and 0°,0 C. 

TAB L E Il. 
Eleetromotive force at 25°.0 C. of the eelll 

Cd-CdS04 solution - Cd.amaJgam 143% Cd. in Volts. 
Date Nd. 1. Date No. III. 

2/6°0 4.00 p.m. 

4.30 

5.10 

0.04998 

0.04995 

0.04999 

0.04995 

averge 0.04997 

0.04989 

averge 0.04989 

I) 'Ihe method so frequently used for the testing of thermometers of plaeing these 
instruments in a funnel with orushed 10e, seemed to me to be untrl1stworthy as dif· 
fereJlces in tpmpera.ture up to 0°.3 C' were obsel'ved. 

2) Proc. Nov. 25, 1899, p. 290. 
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.At 0°,0 C. the following waf> found : 

2fs
oo 

4/00 
/6 

TAB L E lIl. 

Electromotive force at 0°.0 C. of the ceU 

Cd-CdS04 solution - Cd. amalgam 14.3 OIo Cd. in Volts. 

Date 

lh.50 p.m. 

2h.25 

2h.50 

11h.15 am. 

11h.50 

average 

No. I. 

0.05571 

0.051171 

0.05571 

Û.05591 

0.05591 

0.05579 

6/00 
/6 

Date 

4h 50 P m. 

No lIl. 

0.05571 

5h 24 0.05581 

avcrage 0.05576 

------

We, thereforc, fincl as thc mean of tbe observations with both 
the ceHs: 

E.M.F. at 25°0, C. = 0,04993 Volt. 
E.M.F. at Oo~ C. = 0,05577 » 

Thf' temperature coefficient of the E.M.F. is therefore on the average 

0,04993~0,05577 = _ 0,000233 Volt. 

10. On this result I had a check 1), which was very welcome 
to me. JÄGER ll') has determined the E.M.F. of a similar cell and 
has found 0,051 volt, but he has not given the temperature at 
which his determinatioll was made. I have now calculated from my 
determinations the temperature at which E would be 0,051 volt 
according to my observations. I find from 

Et = E25 + (25-t) 0,000233 
t = 20°0. 

In reply to my inquiry, Prof. JÄGER was kind enough to state 
that he had indeed made his observations at about 20° C. 

I 

1) Subsequent experiments prov('d to me tbe couectness of the supposition tltat the 
temperature coefficient between 0° and 25° <loes 1I0t alter with tbe temperature. 

2) WIEDEMANNS Annalen, 65, 106 (189S). 
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11 If . cl h I f dE ~ • . we now mtro nce t e va ues 0 E and dT louna, into 

the equation 2 on page 210 and calculate Ee for 18° C., we find: 

dE 
(E291 = 0,0515; dT = - 0,000233 j T = 291) 

Ec = 2 (0,0515 + 291 X 0,000233) X 22781 calories = + 5436 calories. 
) 

The heat effect of the withdrawal of 1 gram atom of Cd from 
the 14.3 pCt. Gd amalgam is therefore, 

W1 = - 5436 calories 1). 

(3. Determination of the Beat effect Wa. 

12. We have still to determine the heat effect which accompanies 
the change: 

Bfg A 
CdS~4 + A-Bfs CdS04· A.H20 = A-% CdS04• % H20. 

The factor A (see page 209) may be taken from the solubility 
determinations of MYLIUS and FUNK2) and KOHNSTAMM alld COHEN3), 

who have found quite identical figures. 

1) In my second communication ou the thermodynamics of the standarcl·cells (these 
Proceedings 26 May 1900 pag. 36) it was eoneluded from older ancl newer stntem~nts 
in the literature that the abstraction of 1 gram atom of zine from the zinc·amalgam 
of the CLARK.-eells took plaee without any heat efrect. That ~ueh is renUy thc case 
is taught by the following experiment: 

I eonstrueted a eeU aeeording to the seheme: 

Zn amalgam - ZnS04 solution - Zn 
1 : 9 dilute 

just in the same manner as described uhove for the Gd-eells. Of this eeU the E.M.F. 
was determined at 0°,0 C. and 25°,0 C. There was fouml at: 

0°,0 C. 0,00048~ Volt. 
25 °,0 C. 0.000570 11 

dE 
therefore rJP = + 0,00000328 Volt. 

From this follows: Ee = 2 (0,00048 - 273 X 0,00000328) 22782 cnlories 
Ee = - 9 calories. 

The q unutity of heat required, is therefore + 9 calories or praetirally nil. 
~) B. B. 80, 824 (1897). 
3) WIEDEMANNS Annalen 65, 844 (1898). 
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At 18°C., A = 15,17. 
The equation representing the change therefore becomes at this 

temperature : 
CdS04 + 0,212 (CdS04• 15,17 H20) = 1,212 CdS04• s/s H20 .. (3) 

If the systems to the left and the 1'ight of the sign of the equality 
are dissolved in so much water, that both have the concentration 
C9S04-·400 HsO, wc ean find tbe quantity of heat Ws (p. 209) 
from the heat effects so obtained. 

I now reproduce the following from the data put at my disposal 
by Mr. HOLSBOER : 

Heat of dilution 

" 
" 
" 
" 
" 
» 

CdS04• 13,6 HgO to CdS04• 30 HgO = + 1034 calories. 

CdS0.4' 15,6 HsO " CdS04• 20,6 HsO = + 405 " 

OdS04• 20,6 BgO " CdS04• 30,6 HgO = + 285 " 

OdS04• 30,6 HsO " CdS04• 50,8 HsO = + 231 

OdSO,1' 50 HsO n CdS04• 100 HsO = + 220 " 

OdS04- 100 HsO " CdS04• 200 HsO = + In 

CdS04• 200 HsO » CdS04• 400 HsO = + 103 
" 
" 

From this I calculate: 

405 
H. o. d. CdS04• 15,17 HsO-CdS04• 20,6 HsO =50,43+405 = + 440 calories. 

" CdS04• 20,6 HsO-CdS04• 30,6 ElIO = = + 285 " 

" CdS04• 30,6 HsO-CdSO'1' 50 HsO -= = + 222 " 

" CdS04• 50 HsO-CdSO.j,' 400 HsO = = + 499 " 

Heat of dilution CdS04.15,17 HsO - OdS04• 400 HeO = + 1446 11 

The heat of solution of CdS04-CdS04• 400 H20 = + 10740 ca
lories (THO}ISEN, Thermochem. Untersuchuugen IH, S.201), and the 
the heat of Rolution of CdS04• 8fs H20-CdS04• 400 HsO = + 2660 
calol'ies. , 

The heat effed (W 3) which accompanies the change l'Apresented 
in equation (3) is therefore: 

Ws = 10740 + 0,212 X 1446 - 1.212 X 2660 = + 7822 calol'ies. 

13. The heat evolved at 18° C. in the W I~STON-ccll at a pas
sage of 2 X 96540 Coulombs may now be calculated: 

Ee = W1 + w2 + w3 = - 5436 + (219900 -175000)+ 

+ 7822 = + tI;~8G calories. 

14. This quantity must now be compared with that obtained 
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from the direct observatiolls of tbe E.M.F. of tbe WEHToN-cell by 
JIGER and WACHS!1UTH 1): 

From their measuremenls it fullows that the E.M.]'. at tO is 
represented by the equation: 

Et = 1,0186 - 0,000038 (t-'20) - 0,00000065 (t_20)2 VoU. 

thel'efol'e : EI80 = 1.0186 Volt. 

(dE) - = - 0,0000354 Volt. 
dT 180 C. 

Ol' Ec = + "'880 calories 

whilst the thermodynamic calculatioll gave Ec = + "'~86 calories. 

-
The agreement Letween theory a.nel experiment is, therefol'e, very 

satisfactory. 

] 5. I will not llPglect to point out that the idea hitherto pre
vailing on the mechanism of thc change :md which was represented 
by the equation: 

Od + Hg2 804 ~ 2 Hg + Od80,~ 
would here a1so lead to quite wrong results. 

From tbe above it appears that we may represent the mechanism 
of tbe change which occurs in the WEs'foN-cell hy 

Cd amalgam ~ Cd + Hg 2) 
and 

Amsterdam, University Chcm. Lab. 
June 1900. 

1) WIEDEMANNS Annalen 59. 575 (1896). 

2) This provisional equation only represents the change of tha mna]gnm qllal!taliv!Jl!J. 
The exact qualltztatlvlJ equation can on]y be givell w]len the behayjoUl' of the cuclmium 
amalgnm has been more exactly studied. (See my next pap{jr on the metastnbility of 
the WEsToN-cell). 

I 

( 

j 
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Chemistry. -- "Tlte metasiabilify of the Weston-Cadmiumcell and 
its insuitabi lity as Standw'd of elecll'omotive force". By Dr. 
ERNST COllEN (Communicated by Prof. H. W. BAKHUIS 
ROOZEBOOM). 

1. As is weIl known the CLARK-cell is inconvenient for accurate 
measurements on account of its great temperature coefficient (1 mil
livolt degree). For a number of years J.AGER anti WACHSMUTH of 
the Physikalisch-Techniscbe Reichsanstalt have been engaged with 
ths study of a eeH which does not suffer from this drawback. As 
is known, the l'esult of their investigations has been 1) that in 1896 
they proposed to C'mploy the cadmium ceIl of WESTON in a some
",hat modified form as a standard. 

This ce11, constt'Ucted according to the scheme: 

Cadmium amalgam (14.3 pCt. of Cn) - saturated solution of cadmium 8ulphate - Hg2S04-Hg 

posResses, according to their communications, all the good qualities 
of tbe CLARK-cel! as l'egards constancy and ease of cODstl'uction, but its 
temperature coefficient is 25 times smaller than that ofthe CLARK-celJ. 

The change of the E.M.F. amounts to only 4/1000 pCt. per degree 
centigrade whilst that of the CLARK-cell is 1/10 pCt. 

Thermostats become f'uperfiuous even when very accmate measure
ments are l'equired, ",hich is a fact of some importance when it ls 
considered that stand al'O cells are much used for industrial pllrposes. 

2, The connection between the E.M.F. and the temperature was 
dE'termined by JIGER and WACHSM.UTII. They found (between 0° 
and 26°). 

Et = E20 - 3.8 X 10-5 (t-20) - 0.065 X 10-5 (t-20)2 , 

but they observed at the same time that some cells did not follow 
this cur .. e but shoWE'd certain irregularities at low temperatures; 
these cells had a much gl'eater E.M.F. (about 1 millivolt) than the others. 

In view of these deviations, MI', KOHNSTA.M~{ and I, in 1898, 
made ft closer study of the bchaviolli' of C!tdmium sulphate and 
found 2) that tbe tempE'l'atllre cO(lfficient of thc slJlubility of 
Cd S04' 8fs B20 undel'goes a suddon change at 15°. 

Solullllity detel'lllluations which wore executt>d with many pl'ecautions 
git V(> tlw followiug- I result. 

') WIEDnMA!>N's Annalen, 59. 575 (1896). 
J) WIEDEMANN'S Annalen, 65, 344 1898). 
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TABLE 1. 

Gl'ams of CdS04 diasolved in 100 grams of water. -- -----.. 
Temperature. 1. 11. lIl. Average. 

0°0 75.52 75.52 

5°0 75.69 75.61 75.65 

7°0 75.73 75.73 

9°0 75 84 75.87 75 85 

11°5 75.9S 75.90 75 94 

13°0 76.00 76 07 76.04 

15°0 76°n 76.14 76.09 76.11 

16°0 76.16 76.16 

17°0 76.14. 76.12 76 13 

18°0 76.13 76.15 76.14 

19°0 76 18 76.18 76.18 

25°0 76 82 76.78 76.84 76.79 

The accuracy could be controlled 1>y determinations whirh MYLIUS 

and FUNK had made in the Reichsanstalt at the same time. The 
following table contaills a compal'ison of the results. 

Temperature. 

0° 

TAB L E Il. 

In 100 grdms of water dissolve grams of CdSO~. -MYLIUS and FUNK. 

75.47 

76.00 

76 06 

------KOHNSTAMbI alld Co HEN. 

75 52 

75 90 

76.11 

Figure I represents the progresslvc change of thc solubility. 

D 
li;. ........ ----------- ........ ---------:-tP U l)( Je JE"" 

t ,.,' 

." 
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A.t about 15° C. the Cd SO<j,. Bfs H20 must, therefore, undergo a 
change. This change has been already proved by meana of the 
dilatometer 1). 

The deviations found by J.Ä.GER en WACHSMUTH in the E.M.F. 
were eXplained by assuming that CdS04 • % H20, the solubiHty of 
which is represented by the curve seD remains, as a ru Ie, some
what obstinately in the metastable condition. A. smaller KM.F. 
of the WEsToN-cells then corresponds to the greater solubility of 
the metastable phase (curve PlS), If the salt passes into the stabIe 
modification (curve APBS), the solubility is lowered and the E.M.F. 
of the celIs in which that modification exists is raised. 

No objections to this view have been raised since the appearance 
of our paper; on the contrary in his publication Oll deviations 
noticed by himself in the behaviour of cadmium-ce1l8, BA.RNES 2) 
accepts our view. J will bowever, not neglect to point out tbat it 
always astonishe!l me th at snch a small difference in solubility as 
represented by the points Pand PI' should lead to snch an impor
tant difference in E M.F. 

A.t tbe end of our paper we concluded that tbe WEsToN-l'ell in 
the form used at the Reicbsanstalt, i.e. containing the Rolid salt 
Cd SO<j,. 8fs H20, should not be used below 15°, if the risk of having 
a cen which considerably deviates from the temperature formula.. 
given by J.Ä.GER and WACHSl\lUTH is to be avoided. 

3. My investigations on the thermodynamics of tbe staudard 
celIs made me return to the WEsToN-cpll which was now extensi
vely stlldied in nnotber direction. 

In tbe following lines, I wish to give a summal'y of this 
investigation. 

4. In order to find the heat· effect (Jauseel by the withdrawal of 
] gram-atom of Cd from the 14.3 pCt. cadmium amalgam llsed in 
the VVEsToN-cells, I C'ollstructed (see previolIs paper pg. 208) a number 
of celIs of the type: Cd-dilute solntion of cadmium sulphate -
Cd-amalgam 14.3 pCt. The solution of cadmium sulphate was not 
satul'ated at 0°,0 C., so that no Cl'yRta.ls could be deposited at that 
temperature. The details of the construction of the celIs together 
with the precautions taken in view of impurities contained in tbe 

1) 1. c. 
2) Journ. of physical Chemistry, May 1900. 

t5 
Proceedings Royal Acad. Amsterdmn. Vol. IIL 
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materials have beeu fully oescribed by me in my third commuui
cation on the thermodynamics of the standard celIs (see commn-
nication (p. 208). -

'fhe E.M.F.'s of ocHs I, II anrl IH at 0°,0 C. and 25°,0 C. were 
determined by POGGENDORFF'S methad as deseribed in the paper 
already referred t~. 

The WEsToN-eell and the CLAHK eells whieh served as standa!'ds 
were always kept in a thermostat at 25°,0 C. In this way I found: 

No. I. 

TAB L E- UI. 

At 25°.0 C. 

No. Ir. No. In 
Date E.M.F iJl Volt. Date B.M F. iJl Volt. Date B.M.F. in Volt. 

2/6004h p.m. 0.04998 %00 4h O P rn. 0.0:/'909 5/o003h 45 p.rn. 0.04989 

4 30 

5 10 

0.04995 

0.04999 

4 30 

I 5 10 

0.04992 

0.04,992 

4/r12 25 p.m. 0.0:/'995 4/6°012 25 0.04995 

average 0.04997 Volt average 0.04092 Volt. average 0.04989 Volt. 

No. J. 

At 0°.0 C 

No. Il. No. JII. 

Date E.M.F. in Volt Date B.M.F. in Volt. Date B.M.F. in Volt. 

2/6°0 lh·50 p.m. 0.05571 2fs 00 lh 50 p.m 0.05520 %00 4h 50 p.m. 0 05571 

2 25 0.05571 2 25 0.054:08 5 24 0.05581 

2 50 0.05571 2 50 0.05347 

4/0
00n ]5 p.m. 0.05591 4/000U 15pm. o 05082 

11 50 0.05591 U 50p.m. 0.05092 

average 0.05579 Volt. average 0.05576 Volt. 

As regards this table it must be observed that the eells land II 
were kept in iee from %00 to 4/0

00
• They we re then moasured at 

'% 00, first at 0°,0 and then at 25°,0 C. 
The result of thes{' measurements is therefore, that whilst 1, Ir 

aull Hl have exactly the same E.M.F. at 25°,0 C. namely 

I. = 0,04997 Volt. 

Il. = 0,04992 Volt. 

nI. = 0,04989 Volt. 
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an important differenco exists at 0°,0 C. between land IH on tbe 
one hand and Ir on the other. 

J. = 0,0557D Volt. 

Il. = 0,05092 Volt. 

lIL = 0,05576 Volt. 

It is moreover of importance to point out that I and III af ter 
they 'Were cooled from 25°,0 C. to 0°,0 C. very soon reached their 
end·value whilst with II this was only the case aftel' a few days. 

5. The obser'i'ations desClibed immediately gave rise to the sus
picion thnt the Cd-amalgam used in the ceU is a metastablo sub
stance 1). This, it is true, appeared to be in contradiction with the 
investigation of JIGER 2) who states 'that amalgams with 5-15 pCt. 
of Cd are unchangeablo to 1/100 millivolt but th ere were so many 
indications which apFeared to contradict this, that 1 continued the 
investigation in the ol'iginal direction. In what follows it will be 
seen that JIGER'S view is incorrect; the reason why he was unable 
to prove thc instability of the U.3 pCt. cadmium amalgam used 
will also appear. 

6. I tried in the fhst place to find the temperature at which 
the difference bet ween the cells I (and lIl) and II first appears. 

For this pllrpose the E.M.F. of land 11 was determined at dif~ 
ferent temperatures between 0°,0 C. aud 25'\0 C. 

The temperatures 5°, 10°, 15° and 20° were kept constant for a 
long time by allowing iee-water to flow from an elevated reservoir 
into a bath provided with stirring appal'atus and toluene regulator, 
the supply being regulatad by means of a tap. The heat given oft' 
by the flame is cOlnpensated for by the refrigeration caused by the 
iced water and in this mallner t11e temperature may be kept con· 
stant all day long within 0°,03 C. 

1) It might be thought that metallic cadmium, whiclt formed the negative electrode of 

the ceBs, might be me1.ostable like tin. A special investigation, however. gave indi. 

cations that such is not the case and J, thel efore, occupied myself in the first place 

with the cadmium amalgam. 

2) WlEDEMANN, Annalen 65, 107 (1898). 
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TA.BLE IV. 

CELL 1. eEn It 
l'empelature Tline E M F. IU Volt. Temperature Time. E.MF. JU Voh. 

0°0 911 o 0559 1) 0°0 911 10 ° 0509 
10 30 o 0559 10 40 0.0509 

5°0 11 7 ° 0549 5°0 11 12 0.0515 
11 30 o 0549 11 35 0.0515 

10°0 12 0 0.0536 10°0 12 10 0.0517 
12 17 0.0536 12 22 0.0517 

15°0 12 47 o 0524 15°0 12 52 o 0517 
2 20 o 0524 2 30 o 0517 

20°0 3 10 0.0513 20°0 3 15 0.0510 
3 45 o 0513 3 50 o 0510 

25°0 5 15 o 0501 1) 25°0 5 20 o 0501 1) 

5 50 o 0501 6 0 0.0501 

If with thes€' data we construct a curve which has the tempera~ 
tU]'('A as allscissae and the electl omoti ye forces as ordinates fig. 2 
is obtained. 

~ 
i'-.. 

~ 
........ 

t " ~ I./h. 

(a.) 
~ 
~ n 

~ ~ r---~ .-- ~ , 
" 0° 1()O 200 

Fig. 2 

The two curves interseet at about 23°. 
From tltis it is seen that tke cadmium amalgam (14.3 pCt. of Cd.) 

contained in ceU l and III is metastable below 23°. 

1) These meosurements took plnee 6 days af ter the een had been constructed. It 
will be seen ihot In that IIme the E M F hos been mised nbout 0,0002 Volts. Tlus eorre
sllonds wIlll tlle observntions of RICHAltD (md LH/IS, Zeitschr fur phys. Chemie 28, 
1. (18!19) on Cd·eleetrodes of tlns kmd. 
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7. As these obscrvations as we wiU see later on, are of great 
importance when judging of tbe suitability or otherwise of the 
WEsToN-cells as standards, l have convineed myself of the correctness 
of these conclusions by tbe dilatometric process. 

For tbis purpose the cadmium-amalgam whieh had served for tbc 
ûonstruction of the electrodes was introdueed into a dilatometer filled 
with petroleum as measuring liquid. 

That the amalgam is not in equilibrium at 0° is seen frolll the 
following 0 bservatiolls : 

TAB LEV. 

Height of the level 
Time in hours. in the dllatometer 

0 107 

2113 I)\) 

4 96 

43/4 94 

5%, 92 

6% 91 

24 71 

48 55 

72 40 

8. It now becomes more plaill from the electric measuremellts 
(fig. 2) why JÀGER 1), who according to his eommunieation, made his 
measul'oments at about 20°, did not notiee the metastability, fol' that 
temperatul'e is so close to 23° that under these eircum')tances aDy 
change in the amalgam could only be observed aftel' thc lapse of an 
.exceedingJy long time. 

9. Apparently the amalgam eleetrodps of tbe eeHs I (and lIl) 
and II had Leen treated in the same manner and yet that of 11 
had changed into the stabie modification whilst l and III continu
aJly remained metastable. That the change may of ten oeeur is 

1) See my previous communiclltion p. 213. 
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shown hy the fact that of the three cells which I had made, one 
contained stabIe cadmiumamalgam 1). 

Provisionally we ,,,ill eall the amalgam contained in the eeUs I 
and IH (the metastable modifieation below 23°) the t9-amalgam 
whilst that. in eell II will be given the name of a-amalgam. 

From table IV we see that eeUs with tbe t9-amalgam have at 
0° an E. M. F. which is not less than 5 millivolt larger than those 
of the eeUs in whieh the a·amalgam forms the positive electrode: 

10. The question now at onee al'ises: Do the observations made 
by JIGER and WACHS?lIUTH with the WEsToN-eell relate to eeIls 
in whieh sta bie amaJgam is present, or have tJley been made with 
('e]]8 whieh have the metastable body as negative electrode? 

The faet that with some eells at 0° they faund a higher E. M. F. 
than with others ,,"ould indi('ate that tlJey have mostly worked with 
the metastable modifieation This eannot, however, be stat~d with 
eertainty, heeause it follows from the resuIts of OUI' investigatioll on' 
the behaviour of cadmium sulphate that the pre8ence of the stabIe 
form of this salt may have increased the E.M.F. at 0°. 

I, tberefore, have studied this point morl'! c1oEely. For this pur
pose the eells T, II and III were transformed into WESTON edIs 
(eells Ia, Ila and lIla) except that they were filled with a cleal' 
soTution of Cd 804< . Sfs B20 (stabIe modifieation) at 0° Wit/lOut any 
crystn]s at the bottom. 

Tbe dilute solution of Cd 804 waR poured out of ABO (previous 
communieation fig. 1), the arm A provided with a layer of cotton
wool, alld the metallic Cd removed from 0 and replaced hy mercurous 
sulphate. 

The solution of Cd SOoj,. % H20 (stabIe modification) saturated at 
0° was prepal'ed by mixing thp anhydrous salt with water at 0°, 
care being taken to rooI the liquid so as to pre vent the tempm'ature 
from rising over 15°. 

\ 

The bottles eontailling the salt and the water were shaken for 
4 houl's at 0°.0 C. and the solution was filtered. The saturated 
solution thuB obtained was introduced into I, Il and IH and tbe 
eeHs which previously hau been linsed with this Sollltion were elosed 
and brought, in the the.rmostat, to 0° C. The E.M.F. of the eells 
(Ia, lIa, IIla) was then determined. 

In this way the following values were found: 

1) Compare BABNES 1. C. 
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TABLE VI. 

1'emperature 0°.0 C 

WEsToN-Cell Ta 1.019S Volt. 

WEsToN-Cell Ha l,U231 Volt 1) 

WEsToN-CelI lIla 1.0197 Volt. 

We. therefol'e, see that all the measurements of J.ÄOER and 
W ACHSMUTR haye been made with W EflTON cells whicl! are 1I1etastable 2). 

11. Tbe fOl'mula given hy the Reichsanstalt for the connection 
uetween tbe E.M.F. of WEsToN-cells and the temperature and which 
should be usec1 between 5° and 26° C., thcrefore loses its value on 
account of these fa cts and, considering the metastability of the cad
mium flmaIgam, is only true for temperatures between 23° C. and 
26° C., whiist the metastability of cadmium sulphatc as we have 
previously demonstrated is a seeond reason of its insuitability. 

12. Siure 1892, a standard-cell bas been sold by WESTON at 
Ncwark (obtainable in Europe from thc "European WESTON Electrical 
Instrument Co.", BerIin) ",hieh is constructed in aceordanee with the 
scheme: 

Cd-amalgam 14.3 pCt. - solution of cadmium sulphate- Hg2SO-l--Hg. 
(Saturated at + 4° C.) without. solid phase. 

It was thought, even aftel' oul' jnvestigation on the changc whieh 
Cd 804 • % H20 ullder~:oes at 11)° C., that this een constituted a 
perfectly trustworthy standard, since uboye 40 C., 110 solid phase 
is present. 

But since it has be~n proved that cadmium amalgam below 23° C. 
may occur in two modifications, it follows that even this standard 
mny show a different E.M.F. below that temperature accol'ding to 
which of tbe two modifications of the amalgam is present. 

13. Owing to the fact that both in the 'VEsToN-cell of the Reichs
anstalt and in that of the WESTON Co. there exists cadmium am al-

1) It will be notieed thl\t whilst I\t 0°.0 C. the difterence iu E.M.F. of the eeUs I 
(Ol' In) l\11d n amounted to 5 millivolt, tbe Wl!:STOx-ceJls showed a difterenee of 
3,4 millivolt at tllnt temperature. I will Ilfterwl\rds return to this mlltter. 

t) Between 0° C. :md 230 C. 
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g'am ",hieh readily remains in the metastable form (it must be 
remembered th at all the measUI'ements of the R. A. have been made 
with meta~table celIs) and th at this amaIgam may spontaneously pass 
into its stabIe form which change is accompanied by a change in 
the E.M.F. (up to 5 millivolt at 0°)1 we must come to the con
clusion that both forms 1) are unsuitable as stanclaras of eleott·o-
molorio foroe. -

A ceIl which at the time of its construction is compared ~ith 
anotber standard and found to possess the E. M.F. indicat~d by the 
Reichsanstalt at the p-iven temperature, may subsequently come to 
have 80me totally different E.M.F. ~ 

Whnt is required of a standard cell is that, when constructed in 
a definite way, its E.M.F. shall he positively defineel at a stated tem
peraturei it will be seen from the foregoing that tbe WESToN-cells 
do not oy any means conform to tb is .specification. 

14. Ahove 23° C. all thc WEsToN-cells, as seen from the foregoing, 
possess a sharply defined E.M .F. which follows the temperature 
formula given by the Reichsanstalt (to 26°). On1y by making use 
of a thermostat in which the cell is placed when in use (and for 
some times befurehand in order to convel't any metastable amalgam 
into tbe stabIe form) can these (lrawbacks be avoided. But then 
tbe gr'eat advantages which this standal'd seemed to passess compared 
with others with a larger tp.mperature coefficient are lost. More
over, working with thel'mostats is far too tediolls for technical 
purposes. 

15. Aftel' reading the above, the question naturally arises; do 
such complications arise with the CLARK-cell? 

The amalgam which is used there as negative electrode has the 
composition Zn: lig = 1: 9. 

Although my investigations in this direction aro not yet quite 
fiuisbed, I think that it is very probable that we shall meet with 
similar phenornena. I mention, therefore, hriefly the investigations 
of WILLOWS 2) on the changes in the electrical conductivity of dif
ferent amalgams at a constant temperature, when those amalgams 
have been exposed to changes in temperature. 

For the sake of bl'evity I will here bring forward only one case 

1) 'rbe first nnmed is moreover of ten metastabJe owing to the presence of the solid 
salt Cd 804 , % H,O. 

~) Phuos. Magazine, November 1899, 433. 
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from tbe large number studied by WILLOWS and choose as an 
example, tbe zinc amalgam containing 9,5 pCt. of zinc and having 
therefore, about the same compositioD as the amalgam used in thc 
CLARK-cells. 

In fig. 3 the resjstance of the amalgam as a function of tbe 

R 

15 3S 45 S5 65 75 85 

Fig. 3~ 

temperature is shown. Tbe al'fOWS indicate whether the. temperature 
was rising or falling. Tbc curve A was obtained immediately aftel' 
tbe amalgam bad been Ileated several times, wbilst B represents tbe 
results which were faund aftel' the amalg'am had been kept fol' some 
weeks at the temperatul'e of tlle room. 

It is plainly visible from this figul'e that the amalgam can have 
very different resistanees at the same temperature, a good proof tbat 
even af ter a long time a condition of equilibrium in the amalgam 
is not reached. 

WILLOWS has found similar curves for cadmium amalgam, but 
the amalgam whieh interests us bere most (1: 6) has not been 
investigated by him. 

The former observations on cadmium sulphate and a1so those 
which have been communicated in this paper on cadmium amalgam 
may be Ilummarised as follows: 

Resulfs of the lnvestigation. 

1. Cadmium sulphate (Cd 804 , srs H20) can exist bclow 150 C. in 
two modifications. 

2. Cadmium amalgam .(14.3 pCt. of Cd) can appeal' m two 
modifications 1) below 230 C. 

') The word "modificatious" is here only prelinduary. A furtIler investigntion win 
have to show wh at cbanges take place in the amalgam. 
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3. At 0" C. a potential differcnce of 5 millivolt exists betwecll 
those modifications of tbe cadmium amalgam. 

4. The WEsToN-Cadmium-cells, bath tlle farm studied and recom
mended by the Physilcalisch-tech11.ische Reicllsansfalt, and tlwt sold hy 
the European Weston Electrical lnst1'ument Co. m'e metastable systems 
(below 23°) which may pass quite spontaneously into tlze stable CO!!

dit ion. As tkis change is coupled witk a great chan.qe in the E. M.l/. 
these ceUs are unsui~able for standa1'd of electromotive f01·ce. 

5. The researches at the Reichsanstalt are made with metastable 
W~sToN·cells and the temperatul'e-formula given by JÄGER and 
W.A.CHSMUTH therefore relates to metastable eeUs. 

Wh en a better insight into the behaviour of cadmium a.malgams 
hs been obtained a proposal may, perhaps, be made for the con
struction of a standard-ccll whieh posscsses all the advantages and 
none of tbe drawbacks of tbe WEsToN-cell. 

Mr. H. C. BIJL bas al ready made a beginning with the investi
gation of these amalgams in th is laboraiory. 

Amste1'dam, University Chem. Lab., June 1900. 

(August 28, 1900.) 
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PROCEEDINGS OF THE MEErrING 

of Saturday September 29, 1900. 

--------~oo~.-------

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 99 September 1900 Dl. IX). 

CONTBNrS: "Contributions to tbe knowledge of some undescribed or imperfectly known fungi" 
~2nd Fart). By Frof. C. A. J. A. OUDEMANS, p. 280. - "On the origin of new spe
cies of plants". By Frof. HUGO DE VRIES, p. 245. - "On muscle·tone" (abstract). 
By Dr. J. W. LANGELAAN (Commurucated by Prof. T. PLACE), p. 248. - "On the 
determination of sensory spin al skinfields in healthy individuals". By Dr. J. W. 
LANGELAAN (Communicated by Prof. C. WINKLER), p. 251 (with one plate).
"Curious dis turban ces of the senBation of pain in a case of tabes dorsalis" • By 
D. H. BEIJERMAN (Communicated by PlOf. C. WINKLER), p.253 (with one plate).
''The so-called opake minerals in transmltted light", By Prof. J. L. C. SCHROEDER 
VAN DER KOLK, p. 254. - ''On thc spacial anbarmonic latio of curves p" of order n 
in the space Sn with n dimensioDS". By Prof . .P. H. SCROllTE, p. 255. - "Preserv. 
atives on tbe stigma against the gel'mination of foreign Pollen". By Dr. W. BURCK 
(Communicated by Prof. HUGO DE VRIES), p. 264. - "Contlibutions to the know
ledge of VAN DER WAALS' "'.surface. I. Graphical treatment of tbe transverse
plait". By Plof. H. KAMERLINGIl ONNES, p. 275 (with 2 plates). - "Contributions 
to the knowledge of VAN DER WAALS' ljI·surface. Ir. The part ofthe transverse·plait in 
the neighbourhood of the plaitpoint in KUENEN'S experiments on retrogrcue conden
sation". By Prof. H. KAMERLINGH ONNES and Dr. M. REINGA'NUM, p. 289 (wlth 2 
plates). - "On the measurement of very low tempelatures. lIl. Coefficient of pi es
sure variatlOn of pUle hydlogen between 0° and 100°". By Prof. H. KAMERLINGIl 
ONNES and M. BOUDIN, p. 299 (with one plate). - "On the HALL-effect and the 
resistance of crystals of bismuth within and witbout tbe magnetic field". By Dr. 
E. VAN EVERDINGEN Ja. (Communicated by Prof. H KA.MEBLINGH ONNES), p. 816.-

The following papers were read: 
16 

.Proceedings Royal Acad. Amsterdam. V 0 1. lIl. 
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Botanics. - "Gont1'ibutions to the knowledge of some undescribeil 
01' imperfectly known J!'ungi" (2nd Part) 1). By Prof. C. A. J. A. 
OUDEMA.NS. -

11. FIJNGI SEUIJND.tI.BII sive 

INFERIORES. 

t SPHAEROPSIDEAE. 
a. Sphaeroideae. 

a. Hyalosporae. 
PHYLLOSTICTA~ Persoon. 

6. PHYLLOSTICT.A. .A.ESCULANA. Oud. n. sp. On the leaves of Aescu
lus Hippocastanum. Nunspeet: Oct. 2, 1899; Mr. BErNS. 

Perithecia primo sub epidermide occultata, postea exposita, sparsa, 
subglobosa, nigra; sporulae ellipticae, hyalinae, ad polos late rotun~ 
datae, nitide biocellatae, 6-7 X 31/2-4% p. Differt ab omnibus 
affinibus (Phyll. aescuUna Sacc., Phyll. sphaeropsidea EU. et Ev., 
Phyll. Aesculi EU. et Mart. et Phoma aesculina Sacc.) dimensione 
sporularum majore vel minore, seu mutata ratione longitudinem 
sporulal'um inter et latitudinem (P1. IV, fig. 2). 

7. PHYLLOSTICT.A. .A.LNE.A.. Oud. n. sp. On the leaves of Alnus 
glutinosa. Nunspeet, Oct. 13, 1899; Mr. BEINS. - Maculae am
phigenae, utrimque fertiles, 2-10 min. in diam., pallide ferrugi
neae, tandem a partibus sanis viridibus vicinis descissentes. Perithe
cia minima, fuliginea, sphaerica, prominentia. Sporulae hyalinae, 
rectae vel subcurvatae, 41/3 - 7X2 1/3 p. - Differt a PhyU. alnicola 
Cooke et Massee (Contrib. Mycol. V ér. 18; Sacc., Syll. IX, 117) 
sporulis manifeste majoribus (4%-7 X 2% f.l contra 2.38XO.7 ft). 

8. PRYLLOSTICTA. BR.A.CTEARUM Oud. n. sp. - On the bracts 
of the f('male inflorescences of Humulus Lupulus. - Nunspeet, 8 
Dec. 1898 j Mr. BErNS. - Maculae nullae. Perithecia sparsa, nigra, 
coriacea, 1110-1/6 mill. in diam., poro apicali destituta. Sporulae ba~ 
cillares, rectae, hyalinae, eguttulatae, parvae (4-4% X ll/ 2P), ad polos 
Totundatae. 

When applying stronger lens es it appears that in both poles a 
smalI, drop-shaped body is hidden. 

9. PHYI.LOSTlCT.A. BUFONII Oud. 11. sp. (Phoma Bufonii Oud. in 

1) ll'or lat Part see these Proceediugs p. HU. 
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Hedw. XXXVI (1898) p. 313). On the leaves of Juncus bufonius. 
- Nunspeet, March 1898; Mr. BElNS. - Perithecüt sparsa, primo 
tecta, postremo exposita, 1/S-1/6 mill. in diam., nigerrima, membra
nacea, centro pOl'O pertusa; sporulae achromae, continuae, ellipticae, 
eguttulatae, 9 X 4 ft. 

10. PHYLLOSTICT.A. FA.GI Oud. n. sp. - On the leaves of Fagus 
silvatica. - Nunspeet, Oct. 30,1899; Mr. BEINS. - Maculae am
phigenae, fertiles tantum in pagina superiore, dilutissime fuligineae, 
1/2 circa cent. in diam., sed saepe confluentes. Perithecia epiphylla, 
maculicola, exilissima, 1112- 1/ 10 mill. in diam., dense distributa, 01'

bicularia, opaca. Spol'ulae minutisimae, bacillal'es, 4% X 11/6 ft, im
mixtis pl1ucis 7 ""., hyalinae, continuae, guttulis expertes, ad polos 
rotundatae, basidiis filiformibus longiusculis suffultae. 

11. PnYLLOS'l'ICTA. HOLOSTEICOLA. Oud. n. sp. - On the leaves 
of Stellaria Holostea. - Nunspeet,' April 17, 1900; Mr. BEINS. -
Perithecia amphigena, vulgo autem epigena, in maculis pallide griseis 
foliorum siccatorum subprominentia, vulgo numerosa et conferta, sub
micantia, 1/s-1/G mill. in diam., tenera, subfuliginosa. Sporulae cylin
dricae, rectae vel subcurvatae, ad polos late-rotundatae, 16-20 X 
42/3-51/ 2 P, biocellatae, guitulis, volumine sporularum in rationem 
inducto, pusillis. 

12. PHYLLOSTICT.A. IL1018 Oud. n. sp. - On the leaves of llex 
Aquifolium. - Nunspeet, May 28, 1899; Mr. BEINS. - Maculae 
valde extensae, ad ambitum multo pallidiores, irregulariter litnitatae, 
hypogenae. Perithecia hypogena, rarissime epigena, gregaria, atra, 
micantia, prominuIa, primo occultata, postea exposita, centro per
forata, 1/S-1/4 in diam. - Sporulae ellipticae vel breviter-oblongae, 
utrimque rotundatae, hyalinae, protoplasmate aequali repletae, 
5 -7 X 2-3 ft. 

13. PnYLLOSTICTA LABURNI Oud. n. sp. - On the leaves of 
Oytisus Laburnum. - Nunspeet, Oct. 25, 1899; Mr. BEINS. -
Maculis arescendo albidae, diversiformes, 1-11/ 2 cent. in diam., 
non mal'ginatae; perithccia irregulariter distributa, atra, semigloboso
depressa, opaca, %-IJ4 mill. in diam., tandem poro pertusa; spo
rulae byalinae, oblongae vel ovato-oblongae, ad polos rotundatae, 
ü-12 X 3 ft, biguttatae, guttulis majoribus saepe minoribus paucis 
concomitatis. - Differt a Ph. laburnicola Sacc. Mich. I, 152 et 
Syll. lIl, 10, macularum praesentia, et peritheciis sporulisque majo
ribus (166-250 contra 60-70 ft, et 9-12 X 3 contra 3-5 X 1 p). 

16* 
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14. PHYLLOSTICTA -:NARCIsSI Oud. n. sp. - On the Jeaves of 
a cultivated species of Nm·cissus. -. Noordwijk, June 18, 1898. -
In company of Beterospora gracilis and Septoria Narcissi. - Peri
theeia amphigena, numerosissima, conferta, tarnen inaequaliter distri
buta, innata, 40 ft in diam., membrana valde subtili praedita; 
cirrhi, ubi adsunt, sphaerici, dilutissime rosei. Sporulae ellipticae 
aut oblongae, rectae vel curvatae, hyalinae, continuae, biocellatae, 
42/ s-14 X 21/S- 3112 I-t, guttulis valde distinctis. 

*PHYLLOSTICTA PERSICICOLA Oud. n. sp. - On the blown-up por
tions of Peach-Ieaves attacked by Exoascus deformans. - Apeldoorn, 
June 1898; O. - Hedw. XXXVII (1898) p. 313. 

15. PHYLLOSTICTA PODAGRARIAE Oud. n. sp. - On the Jeaves 
of Aegopodium Podagral'ia, in company of Discosia ArtolJreas and 
Septoria Podagral·iae. - Nunspeet, Oct. 14, 1899; Mr. BErNs. 
- Maculae amphigenae, pallide ferrugineae, valde extensae, irre
gulariter lirnitatae, utrimque fertiles. Perithecia. sparsa, sub epider
mide oecultata, 1/12-1/19 mill. in diam., fuliginosa, depressa, tandem 
centro pel'forata. Sporulae ellipticae vel ovatae, ad polos rotundatae, 
continuae, hyalinae, guttula nitida in quovis polo praeditae, 
7-7.2 X 21/3- 4% ft. - Species nostra toto coelo differt a Phoma 
Podagrariae West. (Not. lIl, Bull. Acad. r. de Belg. XIX, 1852, 
p. 116 et Sacc. Syll. lIl, 169) cuju') synonyma sunt: Spltaeria Poda
grariae Roth, Duthidea Podagrariae Fr. et Septoria Podagrariae 
Laseh. 

*PHYLLOSTICTA QUERCICOLA Oud. n. sp. - At the under face 
of the leaves of Quercus Robw·. cf. Hedw. XXXVII (1898) p. 175. 

16. PHYLLOSTICTA TRAPPENII Oud. n. sp. - On the leaves 
of Fraxinus juglandifolia. - Naaldwijk 1864; the late Dr. J. E. 
VAN DER TRAPPEN. - Maculae amphigenae, vulgo valde extensae 
(ad 3 dec. in diam.), obs('ure limitatae. Perithecia. nigra, numerosa, 
aequaliter distributa, adulta liG mill. in diam., pl'ominentia. Sporulae 
oblongae vel elongato -elliptJCae , ad polos rotundatae, hyalinae, 
7 X 2 lis ft. 

17. PHYLLOSTICTA VINCICOLA Oud. n. sp. - On the leavos of 
Vinca major. Nunspeet, July 9, 1899; Mr. BEINS. - Maculae 
amphigenae, nigrae, quoad formam et dimensiones valde diversae, 
irregulariter lirnitatae, utrimque fertiles. Perithecia minima, in paren
chymate foliorum abscondita, vertice perforata. Sporulae initio in 
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globulum albidllm, perithecii orificium obstruentem coalitae, singlllae 
ellipticae, ad polos obtusissimae, hyalinae, biocellatae, basidiig fili
formibus, sporulis mnlto longioribus suffultae, 31/ 2-42fsXPh-2p. -
Differt a Pltyll. Vincae Thüm., Phyll. Vincae majol'is Allescher, 
Macroplwma Vincae Berl. et YogI. et jl1.acrophoma cylinrl1'ospora 
Berl. et YogI., nunc praesentia guttnlarum, tune iterum dimensionibus 
sporularum reductis. 

P HOM A Fries. 

18. PROMA. AIIIYGDALI Oud. n. sp. - On the leaves of Amyg
dalus communis. Nunspeet, April 27, 1899; Mr. BEINS. - Peri
thecia parva (1/10 milI.), centro perforata. Sporulae breve-ellipticae, 
4-5 X 3 ft, hyalinae, continuae; guttulis destitutae. 

19. PROMA COLCRICAE Oud. n. sp. - On the petioles of Sta
phylea co lchica. - N unflpeet, March 1898; Mr. BEINS. 

Perithecia numerosa, 1/4-%, mill. in diam., per totam petiolorum 
superficiem irregulariter dispersa, epidermide perpetuo tecta, promi
nentia, vertice exposito perforata, circa ostiolum epidermidis portiun
cula annulari nigTefacta' ornata. Sporulae angustiuFl vellatius oblongae, 
rectae, perfecte hyalinae, ad polos obtusiusculae, continuae, nitide 
2-, 3-vel 4-guttalatae, 8-10X3-4 ft. 

Maculae stromaticae nigrescentes, linea atra subinde distinctiflsime 
cinctae, quarum mentio facta est a mycologis Berlese et Yoglino in 
descriptione P1IOmae Bl'unaudi (Sacc. SyI1. IIl, 150), in ramulis 
nostris certe non defecerunt; relationem attamen has inter et peri
theeia supra descripta revera existere, nobis non licuit. 

Phoma colchicae ab affinibus Ph. Rober,qeana, Ph. 8taphyleae et 
Pit. B1'unaudi, omnibus ramorum Staphy leae colchicae incolis, lucu
lenter differt guttularum valde conspicuarum, nitidissimarum in spo
rulis praesentia, nee non peritheciornm volumine. 

20. PROMA CORNICOLA Oud. n. sp. - On the branches of Gornus 
alba. - Naaldwijk, 1866; the late Dr. J. E. VAN DER TRAPPEN. 

Maculae nullae. Perithecia numerosissima, conferta, perpetuo sub 
epidermide occultata, prominentia, vertice exposito perforata, 1/4 mill. 
in diam, Sporulae ellipticae, 5 X 21/ 2 1-1-, rectae, hya.linae1 eontinuae, 
biocellatae, 

Differt nostra species a Phoma COl'ni sporulis suis minoribus 
(5X21/ Z ft contra 8-10X2-3 ft), reetis, ellipticis (neutiquam oblongo
cylindricis); a Phoma thallina absentia macularum linea purpurina 
limitatarum; a Pit oma GOl'ni suecicae peritheciis confertis~ nec POll 
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sporulis suis ellipticis (neque eylindrieis); a Phoma canaidula peri
theeiis confertis, nee non sporulis suis ellipticis, roetis (nee eylindri
cis, reC'tis et curvatis commixtis). 

* PHOlfA DESCISCENS Oud. n. sp. - On hranchlets of Vitis vinifel'a. 
cf. Hedwigia XXXVII (1898) p. 314. 

* PHOMA DOUGLASII Oud. n. sp. - On the conp·scales of Abies 
Douglasii. cf. Hedwigia XXXVII (1898) p. 314. 

21. PHOlfA COSMI Oud n. sp. -~On the sterns of Oosmus bipin
natus. - Nunspeet, Sept. 5, 1899; Mr. BEINS. 

Perithecia caespitosa, nigra, globuloso-depressa, suh epidermate 
abscondita, 1/lO-1/6 mill. in djam , minute papillata, vertice perforataj 
sporulae oblongae, continuac, hyalinae, ad polos rotundatae, egutta
latae, 91/ 3 X 21/ 2 ft· 

22. PHO}fA EUPHORBIPHILA Oud. n. sp. - On the sterns of 
Euphol'bia LatllJJris. - Naaldwijk, Dec. 1866; the late Dr. J. E. 
"V AN DER TRAPPEN. 

Perithecia numerosissima, confer ta totamque internodiorum super
ficiem occupantia, perpetuo sub epidermide occultata, parum promi
nentia, tanoem vertice exposito perforata et circa ostiolum portirm
cula epidermidis annulari nigricante ornata, IJ 4 mill. sine, mill. 1 cum 
zona nigricante in diam. metienticl. Sporulae oblongae vel subclavatae, 
rectac vel curvatae, 7-9X21/Û I, 1- ad 4·guttulatae, hyalinae, continuae. 

*PHOMA FRANGULAE Oud. n. sp. - On thin branches of Rltamnus 
Pmngula. cf. Hedw. XXXIV (1898) p. 314. 

23. PHmrA HAMAMELIDIS Oud. N. K. A. 3, I, 487. - This should 
bE' Phoma Halesiae Oud. n. sp. On branches of 8alesia tetmptera. 
Nunspeet, March 7, 1898; Mr. BEINS. 

The name of the plant was first given me wrongly, later correctly. 

24. PUOIIJA IOAEI Oud. n. sp. - On the branches of Rubus 
idaeus. - Nunspeet, Febr. 3', 189§ j Mr. BEINS. 

Perithecia orbiculari·depresba, lJö--1/4 mille in diam., vcrtice per
forata, membrana justo crassiore praedita, perpetuo sub epidermidis 
portiunculo scutiformi, elliptico vel oblongo, nigro et paullo micante, 
ad polos acutato, 1-2X1 millim., ocC'ultata. Sporulae ellipticae vel 
oblongae, ad polos rotundatae, hyalinae, biocellatae, 7 - 81/ 6 X 
21/3-3 l/Sp, basidiis sporularum longitudinem uttingcntibus suffultue. 
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:I: PHOMA INEXPE(JTATA Oud. n. sp. - On the leaves of Abio$ 
peetinaia. Cf. Hedw. XXXVII (1898), p. 176. 

* PHOMA INOPINATA Oud. n. sp. - On the leaves of Pinus Stro
bus. Cf. Hedw. XXXVII (1898), p. 177. 

25. PHOMA LARICIS Oud. n. sp. - On the twigs of Larix de
cidua. Scheveningen, May 1894. 

Perithecia caespitose aggregata, subglobosa, primo sub perider· 
mate abscondita, postea exposita, atra, 100-250 ft in diametro. 
Sporulae ellipticae: hyalinae, continuae, eguttalatae, 7X21/2 ft. 

26. PHO!IA NEGUNDINIS Oud. n. sp. - On the branches of 
Negundo fraxinifolia. 

Perithecia numerosissima, primitus sub peridermate abscondita, 
tandem exposita, 140 ft in diam., ocbracea, vertice perfolata. Spo
rulae ellipticae, continuae, hyalinae, 42/3 X 31/ 2 p. 

27. PHOMA OENOTHERICOLA Oud. n. sp. - On the leaves of 
Oenothera bienni8. Nunspeet, March 13, 1898; Mr. BEINS. 

Perithecia inordinate distributa, sub epidermate latentia, lenti
formia, verti<,e perforata, J ho mill. in diam. Cellulae epidermales 
ostiolo perithecii contiguae saturatius tinctae quam aliae magis 
distantes. Sporulae breviter oblongae, 7X2%J/., eguttulatae, hyalinae. 

Differt haer nostra speries a Phoma oenotherella Saee. sporulis 
angustioribus (7X2 1/ 2 fl contra 7X4u) et colorecellularum peritheeii 
ostiolum rircumdantiulll; a Phoma Oenotlzeme Sacc. et Phoma Ona
grarearum Cooke guttularum in sporulis absentiaj a Plwma Onogl'a
l'earum insuper sporularum latitudine minare (7 X 2% Je contra 
6-8 X 3J/9,-4 ft). 

*PHOMA QUERNEA Oud. n. sp. On branches of Quercus Hobu}'. -
Nunspeet, March 7, 1898; Mr. BEINS. Cf. Ned. Kr. Arch. 3, I,489. 

28. PHOMA SACCARDOI Oud. - On branches without bark of Sam· 
bucus nigra. Naaldwijk, 1864; tbe late Dr. J. E. VAN DER THAPPEN. 

Wben on p. 491 of tbe 1 st volume of the 3Id series of tbe "N e
derlandsch Kruidkundig Archief" (1898) 1 mentioned Phoma V?'cina 
Desm. as a new indigena for our country, I prollounced the sup· 
position that my specimens would not differ from those J described 
by Mr. SACCARDO in Syll. Hl, 71, notwithstanding the measurements 
(5 X 2 ft) of tbe spores examined by tbe Italian mycologist, did not 
correspond with those of DESMAZIÈRES and of myself (7-5X1.9 p). 
At that time I had not however, had an opportunity of getting 
acquainted with Phoma vicina Sacrardo, which is bound to branches 
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dcprived of bark of Sambucu'l nigra. Now, however, that I have 
come into possession of such objects, I have been enabled to con
vince myself that such an identity between both Phomas, as to which 
I referred above, does not exist, and that consequently, they cannot 
be indicated by one and the same name. For this reason I supplied 
Pkoma vicina Sacc. by Phoma Saccardoi. 

To be sure, it cannot be denied that in both species the base_ of 
the perithecia dives down to a slight depth into the wood of the 
branches, but this does not prevent the perithecia of Phoma vicina 
Desm. from having a murh more robust appearance, and thicker 
walIs, and from its never occurring but on the bra.nches of the elder 
covered with bark, whilst those of Phoma Sacca1'doi Oud. are rnuch 
more delicate and smalI, have a transparent membranaceous wall, . 
and prefer branches devoid of bark. 

*PHOMA SALICELLA Oud. n. sp. - On the branches of Salix 
cinerea. - Nunspeet, March 7, 1898; Mr. BEINS. - Of. N. Kr. 
Arcb. 3, I, p. 490. 

29. PHOMA SALISBURYAE Oud. n. sp. - On the branches of 
Salisburya adiantltifolia. - Botanical Garden Leiden, Aug. 1893. 

Perithecia numerosa, inordinate distributa, orbicularia, nigra, 
l/4-1fS mill. in diam., primo sub peridermate latentia, postea in 
fissuris corticis exposita, vertice perforata. Sporulae fusiformes, ad 
polos anguste rotundatae, hyalinae, continae, eguttulatae, 9 X 2 f-l. 

*PnOMA SE~IPERVIRENTIS Oud. n. sp. - On the still green branches 
of Lonicera scmpervi1·ens. - Nunspeet, April 15, 1898 j Mr. BErNs. 
- Of. Hedw. XXXVI (1898) p. 315. 

30. PHOMA SOLANIPHILA Oud. n. sp. ~ On the sterns of Bolanum 
nigrum. - Nunspeet, Dec. 19, 1899; Mr. BEINS. 

Perithecia laxe caespitosa, sub epidürmide latentia, postremo exposita, 
sphaeroideo-d«:>pressa, 140-160 ft in diam., nigra, vertice perforata. 
Sporulae ellipticae, hyalinae, continuae, eguttulatae, ad polos rotun
datae, 42/s-7 X 22/S-3 ft. 

Differt a 8. dulcamarina, pampeana, lJulcamarae et solanicola, 
absentia guttularum, et a P. europaea et Solani sporularum dimen
sionibm'J desciscentibus. 

*PHmfA SUBTILISSIMA Oud. n. sp. - On ihe dried peduIlcles of 
0Vti'lUS Labul'nttm. - Of. Hedw. XXXVII (1898) p. 315. 
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31. PROMA TATARICOLAE Oud. n. sp. - On the branches of 
Lonicera tatarica not yet deprivcd of their bark. - Nunspeet, 
Mareh 5, 1899. 

PeritheC'ia numerossima, nune totam internodiorum superficiem oecu
pantia, tune vero gregatim conferta limitesque maeularum palles
eentium valde extensarnm non excedentia, sub peridermate occultata, 
pos tea autem vertiee suo perforato, intra zonulam nigrescentem incluso, 
exposita. Sporulae nune ellipticae, tune vero pauno elongatae, ad 
polos rotundatae, biocellatae, hyalinae, 7-8 X 31/ 2-4 p. 

Species neutiquam confundenda neque cum Ph. oblongata Briard et 
Henrieh (Sace. Syll.X, 145), nee eumPh.Mariae, qmle ambae lignicolae; 
neque cum Ph. cryptica Sace. (Syll. lIl, 69), cujus sporulae forma 
receduut; neque cum Ph. minutula Saec. (SylI. IU, 70), eujus spo
rulae voluminosiores; neque cum Ph. tatal'ica Allescher (Wint. Kr. 
Fl. VI, 221), eujus sporulae non tantum voluminobiores sed insuper 
fOlma reeedunt; neque cum Ph. xylostei Cooke et Harkness (Saec. 
Syll. lIl, 70) et Ph. viventis Cooke (Snee. Syll. X, 145), qual'um 
sporulae voluminosiores. 

32. PROMA THYRSIFWRAE Oud. n. sp. - On the sterns of Lysi
machia thY1'sifiora, in eompany with .Ascocllyta Lysimacltiae Oud. 
Nunspeet, April 15, 1898; Mr. BErNs. - ~raeulae nullae. Peritheeia 
minima (l/1O mill. in diam.), laxe caespitosa, sub peridermate oecultata, 
prominentia, denique veltiee perforata. Sporulae breve-ellipticae, hya
linae, eguttulatae, 31/ 2-5 X 21/3 -3 p. 

Differt a Ph. Lysimacltiae sporulis multo minoribus (3\'2-5 X 
21fs-3 peontra 10 X 41/ 2-5 p). 

33. PROMA TRIACANTHI Oud. n. sp. - On the thorns of Gledit
schia triacanthos, in eompany with Ph. Gleditschiae. - Nunspeet, 
March 18, 1899; Mr. BEINS. 

Perithecia Dune aequaliter distributa, tune eaespitose aggregata, 
majoribus et minoribus eommixtis, sub peridermate latentia, p. m. 
prominentia, denique in fissuris longitudinalibus reetis vel eurvatis, 
simplieibus vel mmosis, exposita. Sporulae oblongae, ad polos late 
rotundatae, hyalinae, nitide biocellatae, 7X21/ 3 jU. 

34. PROMA TYPHICOLA Oud. n. sp. - On the sterns of Typha 
latifolia. - Nunspeet, May 21, 1899; Mr. BEINS. 

Perithecia primo sub epidcrmide latentia, postremo exposita, mi
nima, nigra. Sporulae ellipticae vel oblongae, ad polos rotundatae, 
continuae, hyalinac, eguttnlatae, 31/~-5 X 21/3 u. (PI. IV, fig. 3). 
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35. PROMA VIBURNlCOLA. Oud. n. sp. - On the branches of 
Viburnum Oxycoccos, in company with Ascochyta viburnicola. -.:
Nunspeet, April 14, 1899; Mr. BEINS. 

Perithecia numerosa, parva, diu sub peridermate occultata. Spo
rulae ellipticae, hyalinae, continuae, eguttulatae, 5-6 X 31/ 2 U. 

MACROPHOMA Berlese et Voglino. 

36. MACROPROMA CAPSELLAE Oud. n. sp. - On the leaves of 
Capsella Bursa pastoris. - Apeldoorn, July 26, 1899; O. - Peri
thecia conferta, primo epidermide velata, denique exposita, nigra. 
Sporulae ellipticae vel elliptico-oblongae, hyalinae, continuae, ad 
polos rotundatae, biocellatae, 16 X 6 !l. 

The size of tbe spores does not allow this species to be admitted 
into the genus Phyllosticta. 

37. MAcRoPHoMA lLrcIs (Desm.) Oud. - On the leaves of llex 
A quifolium. Described by DESMAZIÈRES under the name of Phoma 
Ilicis in his »PlantesOryptogamesdeFrance", leS., leEd., N°. 1290, 
and taken up by SACCARDO under the same name in Syll. lIl, p. 106. 

Perithecia hypophylla, numerosissima, subconferta, saepe intra limi
tes macularum pallescentium coacervata, valde prominentia, sub epi
dermide occultata, vertice perforata, nigra, 1/5 ad 1'4 mill. in diam. 
Sporulae ellipticae vel ovatae, hyalinae, continuae, 12-J 5 X 6-7 p, 
initio protoplasmate ncbuloso repletae, denique guttula voluminosa 
centrali ornatae, ad polos late rotundatae, longe pedicellatae, apice 
passim apiculatae. 

N ow that the genus Macrophoma has been introduced into science 
for 1hose species of Phoma, whose spores are 15 or more mikrons 
in lengtb, it was necessary to bring Ph oma llicis Desm. under tbis 
hea.d. With the name in SACCARDO'S Syll. (lIl, 106) the same ought 
to be done. 

SCLEROTIOPSIS Spegazzini. 

38. SCLEROTIOPSIS POTENTILLAE. Oud. n. sp. - On the leaves 
of Poie1~tilla procmnhenl$ (TormentiJla reptans). - Nunspeet, August 
26, 1898; Mr. BEINS. 

Perithecia innnta, semiglobosa, nigra, submicantia, adulta p. m. 
1 mill. in diam., nUllC ad faciem foliorurn superiorem, tunc verG ad 
inferiorem prominentia, absque ullo ostioli vestigio, membrana fragili, 
indistincte parenchymatosa instructa. Basidia filiformia, recta. Spo-
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rulae acrogenae, solitares, cylindricae, semilunares, indistinete mncro
natae, hyalinae, continuae, 7-91/ 3 X 2 fl. - (PI. IV, fig. 4). 

Dur dèscription of Bel. Potentil1ae corresponds almost entirely with 
that of Bel. australasiaca, made known by SPEGAZZINI in SACCARDO'S 
Sy11. lIl, p. 184. As, ho wever, between the shape and the internal 
colour of the peritheeia of both fungi, the size of their spores, and 
the nature of their host-plant, greatel' and smaller differenees wel'e 
to be observed, I thought myself justified in allowing both Scl.: 
Bel. Potentillae on Potentilla proeumbens and Sel. a1tstralasiaea on 
Ettcalyptus Globulus, to continue as two species and not to join 
them to one. 

39. SCLEROTIOPSIS PITYOPHILA (Oda) Oud.; Phoma pithyophila 
Saee. Sy11. JII, 101; Alleseher in Wint. Kr. Fl. VI, J 99; Sphae
ronerna pithyophila Corda Ic. Fg. 40 et tab. VIII, fig. 116. - On 
the leaves of Pinus silvestris. - Nunspeet, 1899; Mr. BEINS. 

Peritheeia amphigena, primo abscondita, in acuum parenchymate 
immersa, postremo exposita, corporaque sistentia slerotiformia, nigra, 
nunc separata et subsphaerica, tunc vero coalita et irregularia. Quorl
vis corpusculum e stratis quasi duobus compositum: uno scil. 
magis supel'ficiali, parenchymatoso, nigrescente, crassiore, drnsiore; 
aHero, magis interiore, parenchymatoso, pallide-flavo, tenuiore, molliort', 
dum constat colorem nigrescentem cellularum membranis, colorem 
palIide-flavum verG cellularum contentis esse proprium. Sporulae 
maturae ex orificio accidentali, irregulari, non autem ex ostiolo natu
rali pro1.rusae, corpuseula sistunt oblonga, hyalina, ad polos rotundata, 
uniguttulata (?) 

RABENHORSTIA Fries. 

*RABENHORSTIA CLANDESTIN.A. Fr.; Sace. Sy11. lIl; 244. On dead 
branches of Sorbus A1l-CUparia. - Nunspeet, May 9, 1898; Mr. 
BEINS. 

A detailcd deseription of this hardly known fungus, which has 
only very superficiously been dcs<,ribed by S.A.CC.A.RDO, I gave in 
Hedwigia XXXVII (1898) p. 315. 

*RABEl'HOUSTIA SALICJS Oud. n. sp. - On the branches of Balix 
re pens. Nunspeet, May 5, 1898; Mr. BErNs. - Hedw. XXXVII 
(1898) p. 317. 

PLACOSPHAERIA Saecal'do. 

40. PLACOSPHAFlRIA PRUNI Oud. n. sp. - On the young branches 
of Prunus dOlnestica. N"llI1Speet, April 27, 18~9; Mr. BEINS. 
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Stromata ad ramulorum superficiem numerosa, oblonga, %, ad 1 
centimo longa, 2 ad 3 mill. Iata, juniora rufescentia, vetustiora fuli
ginea, intermixtis nonnullis annulo fuliginoso ad ambitum inclusis, 
centl'oque rufescente, subprominente. lncludunt cavernulas plures 
indivisas, basidiis filiformibus, conidia guoad longitudinem subae
quantibus, vestitas. Conidia partim cylindrica, ad polos rotundata, 
partim fusiformia, subacutata, semper hyalina, 2~vel pluriocellata. 

FUSICOCCUM Corda. 

41. FUSICOCCUM CORNI Oud. n. sp. - On the branches of Om'mts 
alba. - Nunspeet, Sept. 15, 1899; Mr. BEINS. 

Perithecia vulgo macuIicola, sparsa, nigra, sub peridermate abscondita, 
p. m. prominentia, l/S-l/g mill. in diam., tandem vertice perforata, 
plurilocularia, loculis septisque membranaceis; sporulae fusiformes, ad 
pol os anguste-rotundatae, 9 -12 X 2-31/ 2 fl, continuae, hya:linae, 
eguttulatae; basidia acicularia, sporis duplo longiora, 

CYTOSPORELLA Sacc. 

42. CYTOSPORELLA QUERCUS Oud. n. sp. - On branches of Quel'cus 
Robur. - ValkJnburg (L.); April 1900; Mr. J. RICK. 

Stromata corticola numerosa, sparsa, polymorpha, saepe sinuoso
limitata, verrueiformi-depressa, 1 ad 3 cent. Iata, intus fuseescentia, 
incomplete pluricellularia, locellis quoad amplitudinem valde Y'ariabiIi
bus; sporulae globulosae, hyalinae, ad basin subcontt'actae, 91/ 3-11% Itt 

basidiis brevibus suffultae. 
Differt a O. Populi Oud. (Ned. Kr. Arch. 2, V, 494; Sacc. SylL 

X, 242) stromatibus multo robustioribus et sp0l'ulis multo majoribus 
(91/ 3-11% fl contra 7 fl). 

CYTOSPORA. Ehrenberg. 

43. CYTOSPORA DASYCARPI Oud. n. sp. - On the branches of 
Acer dasycarpum. - Scheveningen, May 1895; Bussum, April 1900 ; 
Mr. KONING. 

Pustulae sparsae, quoad amplitudinem magnopere variabiles, con
vexae, primo clausae, pos tea, peridermate varie fisso, perviae. Stromata. 
nigra, intus lacuDosa, lacunis septis spuriis in loculamenta plurima 
inaequalia concentrice divisis. Sporlilae fere globulosae, cum ellipticis 
et brevi-fusiformibus inaequaliter mixtae, continuae, hyalinae, 1-3 
X 1-21'-, basidiis longis, tenerrimis suffultae. 
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44. CYTOSPORA FRAXINICOLA Oud. n. sp. - On the young, tbin 
branches of Fraxinu8 excelsior. - the Hague, April 1889. 

Differt a O. Fraxini Delacroix (Bull. de la Soc. mycol. de France, 
1890, p. 184 et tab. XX fig. V; SACCARDO Sy11. X, 245) basidiis 
multo longioribus (25 ft contra 10 p) et sporulis angustioribus 
(7 X 11/ 2 f" contra 7 X 21/ 2 ft). 

*CYTOSPORA OPA CA Oud. n. sp. - On the branches of !lex opaca. 
Cf. N. K. A. 3, I, 492 et Hedw. XXXVII (1898) p. 177. 

*CYTOSPORA. SELENESPORA. Oud. n. sp. - On the branches- of 
Sorhus .Aucuparia. - Nunspeet, March 3, 1898; Mr. BEINS. - Cf. 
Ned. Kr. Arch. 3, I, 493. 

CEUTHOSPORA GreviIle. 

45. CEUTHOSPORA FRAXINICOLA Oud. n. sp. - On branches of 
Fl'axinus excelsi01·. - Amsterdam, January 1877; O. 

Stromata numerosa, inordinate dü,tributa, primo occultata, tan
dem exposita laciniisque peridermatis rupti circumcincta. Perithecia 
caespitose I:lg'gregata, parte sua dimidia superiore rotundata libere 
prominentia, coriacea, nigra, sine osholi vestigio. Sporulae minimae, 
bacillares, hyallnae, simul cum magna mucilaginis copia ex variis 
evolutionis centris protrusaer 4% X 11/6 ft, singula€' basidio filiformi 
9 I" p. m. longo suffultae. 

Differt nostra a C . .Fraxini Tognini (Seconda Contrib. micol. tosc. 
p. 10 et Sacc. Syll. IX, 510), cujus plena diagnosis adhuc der,ideratur, 
sporulis multo minoribus (4% X 1% p contra 6-7 X 3 ft). 

(1. Pkaeosp orae. 

CONIOTHYRIUM Corda. 

46. (JONIOTHYRIUM LABURNIPBILUM Oud. n. sp. - On tbe leaves 
of Oytis~ts Luburnum. - Nunspeet, act. 1898; Mr. BEINS. 

Maeulae amphigenae, orbicu]ares, oblongae vel irregulares, 2 ad 
10 mill. latae, primo saturate-fuscae, postea pallescentes, postremo 
albidae, pallide-purpureo.marginatae, fragillimae. Perithecia epiphylla, 
epidermide velata, numerosa, minima, diam. llro mill. raro superantia, 
parte centrali paullo prominente et perforata. Sporulae breve ellip
ticae, 4% X 31/2 ft, pallide-olivaceae, in mucilaginem dilutam immersae, 
continuae, eguttulatae. 

Differt a O. olivaceo praesentia macularum, peritheciorumque nee 
minus sporularum mensuris reductis. 
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*CONJOTHYRIUM PSAlIfMAE Oud. n. sp. - On the leaves of Psamma 
littoralis (= Ammophila arenaria). Cf. Hedw. XXXVII (1898) p. 177. 

47. CONIOTHYRIUM PYXID..A.T..A.E Oud. n. sp. - On Gladonia pyxi-
data. - Valkenburg (L.) 1899; Mr. J. RICIL • 

Perithecia perfecte sphaerica, minutissima, vix lilo ruill. in diam., 
nigerrima; sporulae globosae vel subglobosae, dilute-olivaceae, vix 
'Pis {,l in diam., ]aeves, continuae, bas i sua applanata vel truncatius
cula basidio crassiusculo brevissimo imposita. 

Differt a O. lichenicola Karst. Symb. XX, 104, sporulis minoribus 
(2% I-l contra 3 fI), neque ovoideo-oblongis vel cIavulatis, lleque basi 
attenuatis, neque fuligineis, basidiis tandem brevioribus (2 I-l contra 
6 p); a O. Cladoniae Eli. Everb. Sacc. in Syll. X, 268, peritbeciis 
fe re duplo minoribus (lht< - 1/10 contra 1/6 mill.), non obconico·cylin
draceis, supra subtruncatis, sporis dilutius tinctis, minoribus (21/3 éon
tra 3 p), basidiis muIto brevioribus (2 e. 6 p). 

48. CONIOTHYRIUM T.A.MARICIS Oud. n. sp. - On tbe thin branch
lets of Tama1·ix gallica. - Nunspeet, Oct. 22, 1898; Mr. BEINS. 

Perithecia numel'osa, sparsa, parva elIo - l/S mill.), globulosa, 
epidermide velata, prominentia, nigra. Sporulae ovatae, primo hya
lillae, dellique luteseentes, 7 X 31/ 2 p, guttula centrali elliptica insig
nes (PI. IV, fig. 5). 

Differt a G. tamaticella Brun. (Sace. Syll. XIV, 923) sporulis 
pallidis neque "intense·olivaceis", et longioriLus (7 f-i contra 21/ 2 - 6 ft). 

HAPLOSPORELLA Spegazzini. 

49. H..A.PLOSPORELL..A. JUGLANDIS (Sehum.) Oud. n. sp. (Naema
spora J uglandis Schumaeher Flora Saellalldiae H, 178; Cytospora 
Juglandis Rab. Kr. Ft 148; Sace. Syl1. UI, 267). - On tho branches 
of Juglans tegia. - Naaldwijk, Nov. 1866; tbe late Dr. J. E. V..A.N 
DER Tll.APPEN. 

Peritbecia numero 4 ad 7 in stromate verruciformi, fere carboni
sato, nigro, primo latente, postea in corticis vulnere large hiante, 
mill. 1 lato, peridel'matis laeiniis eireumeincto, exposita. Sporulae 
globulosae (21/ 3 ft in diam.) vel breve·ellipticae (4% X 21/3 ft), conti
nuae, fuliginosae, basidio brevi suffultae. 

r. H y alo di d Y m a e. 

~SCOCHYTA Libert. 
* ASCOCHYT..A. AcoRr Oud. n. sp. - On the leaves of Acorus Ga

lamus. - Cf. N. K. A. 3, I, 496 et Hedw. XXXVII (1898) p. 177. 
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*A.SCOCHYTA EUPHRASIA.E Oud. n. sp. - On the sterns of Euphr. 
officinalis. - Nunspeet, March 11, 1898; Mr. BEINS. Cf. Ned. Kr. 
Aroh. 3, I, 496. 

*ASOOOHYTA GROSSULARIAE Oud. n. sp. - On the branches of 
Ribes Gl'ossularia. - Cf. N. K. A. 3, I, 497 et Hedw. XXXVII 
(1898) p. 178. 

50. ASCOCHYTA HYPOCHOERIDIS Oud. n. sp. On the fiower-stems 
of Hypochoel'is glabra. Nunspeet, May 5, 1899 i Mr. BEINS 

Perithecia in maCtllis pallescentibus inordinate distributa, primo 
epiderrnide velata, prominentia, postea exposita, nigra, vertice perfo
rata. Sporulae exacte cylindricae vel elongato-clavatae, ad poIoS' 
rotundatae, vulgo rectae, rarius curvulae, hyalinae, imo guum in majo 
rem copiam condensatae offenduntur, initio biocellatae, postea septo 
transversali dimidiatae. In sporulis clavatis pars anterior latior et patIllo 
longior, paIs posterior contra angustior et brevior (PI. IV, fig. 6). 

* ASCOOHYTA IDAEI Oud. n. sp. - On the branches of Rubus idam,ts. 
Cf. N. K. A. 3, I, 497 et Hedw. XXXVII (1898), p. 178. 

51. ASCOCHYTA IGNOBILIS Oud. n. sp. On the sterns of Alisma 
Plantago. Nunspeet, March 13, 1898 i Mr. BEINS. 

Maculae nulIae. Perithecia primo epidermide velata, postea expo
sita, nigra, orbiculari-depressa, vertice perfol'ata, 125-170 ft in diam. 
Sporulae cylindraceae, ad polos rotundatae, hyalinae, 9-12 X 3 P, 
indistincte biocellatae, per longius tempus continuae, denique septo 
transversali aegre visibili, iodio addito vero mox optime distinguendo, 
dimidiatae. 

A. ignobilil3 differt ah A. Alismatis Ellis et Everhart, J ouro. of 
Myeol. 1889, p. 148 et Saee. Syll. X, 307, quae in foliis offenditur, 
absentia macularum, peritheciis multo majoribus, sporulis paullo 
minoribus, praedilectione pro foliis. 

52. ÄSCOOHYTA LAC'fUCAE Oud. n. sp. - On the flower-stems 
and their ramifications of Lactuca sativa. - Naaldwijk, 1874; the late 
Dr. J. E. YAN DER TRAPPEN. 

Pet1thecia. in caespites aggregata, globuloso-depressa, epidermide 
velata, tandem exposita, nigra, vertice perforata, 1/7-1/0 mill. in 
diam. Sporulae oblongae, hyalinae, ad polos rotundatae, biloculares, 
12-15 X 31/2 1-1, medio superficialiter constrictae. 
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53. ASCOCHYT.A. LEDICOL.A. Oud. n. sp. - On the leaves of Le
dum palustre, together with Thoracella Ledi Oud. - Nunspeet, 
Sept. 29, 1898; Mr. BEINS. 

Perithecia epiphylla, parum numerosa, inordinate distributa, l/S 

mill. in djam., tandem vertice perfornta. 8porulae fusiforrnes, hya
linae, ad polos acutae, biloculares, vix medio conRtrictae, 7-11 X2 I-l. 

Ascochyta Ledi Rostrup (Saco. 8yll. X, 295), in caulibus Ledi 
palustris degens, sporulas fert oblongas, ad polos rotundatas, volu
minosiores (12-13 X 3 ft). 

54. ASCOCHYT.A. LYSIM.A.CHIAE Oud. n. sp. - On the sterns of 
Lysimachia thyrsiflora, in company with Phoma thyrsiflorae. -
Nunspeet, .A pril 15, 1898; Mr. BEINS. 

Maculae nullae. Perithecia laxe caespitosa, sub epidermidis por .. 
tiuncula nigricante, in longitudinem protraeta , p. m. prominente 
occultata, 1fs mill. in diam. Sporulae oblongae, ad pol os rotundatae, 
hyalinae, bilocellatae, eguttulatae, medio non constrictae, 7 -91/aX 
2% p. Basidia ter longiora quam sporulae. 

55. ASCOCHYT.A. MENYANTHIS Oud. n. sp. (non Laseb, neque 
Libert, quae ambae sub genere Septoria militant). - On the leaves of 
Menyanthes tl'ifOliata, in company with Septol'ia Menyanthis. 

Perithecia amphigena, vulgo tarnen hypogena, una cum peritheciis 
Sppto1'iae Menyallthis in maculis fusris, satis extensis, polymorphis 
irregulariter distributa. 8porulae breve-cylindraceae, hyalinae, ad 
polos rotundatae, 14-19 X 2%-3112 .Il, biloculares, 10culis nitide 
1- vel 2-ocellatis. 8eptum, vulgo p.m. obscurum, iodio addito statim 
conspicuum fit. 

*.A.SCOCHYT.A. MATTBJOLA.E Oud. n. sp. - On the pods of Mat
thiola incana. - Cf. N. K. A. 3, I, 497 et Hedw. XXXVII (1898) 
p. 178. 

*.ASCOCHYTA MISER.A. Oud. n. sp. - On the leaves of Cratae
gus monogyna. - Cf. N. K. A. 3, I, 497 et Redw. XXXVII 
(1898) p. L 78. 

*ASCOCBYT.A. MYRTILLI Oud. n. sp. - On the dried sprigs of 
Vaccinium Myrtillus. - Cf. Hedw. XXXVII (1898), p. 317. 

(To be continued). 
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Botanics. - "On the origin of new species of plants." By Prof. 
HUGO DE VRIES. 

The fact that the species existing at the present moment are, as 
far as we observc, invariable, can but be brought into accordance 
with the theory of descent when admitting that periods of constancy 
alternate with periods of mutability. The farmer may last hundreds 
and thousands of years, the plant, as experience shows, continu es 
the same, all the time. The latter have, hitherto, eecaped all obser
vation. 

Probably, however, because they have not been sought for. And 
this again had its cause in our not having a right perception of 
what was to be found. For the prevalent opinion that species orig
inate through very slow changes, is not favorable to such researches. 

Side by side to th is supposition, the so·called sclection-theory, the 
possibility of a discontmuous origin of species was already recognised 
by D.A.RWIN. The differences between closely allied species are in 
fact 80 slight that they may quite wf'll appear at once. This idea 
has since continually found a few followers, in particular among 
paleontologists, but ;also among zoologists and botanists. Starting 
from this principle there is na longer any ground to suppose the 
origin of species as being beyond observatlOn, and consequently, 
neither not to look for it. 

My conclusion is: plants may, alternately with long periods of 
constancy, go through periods in which they produce one or more 
new species. On the other hand, each species has originated from 
another in slich a period. And for this it is by na means neces· 
sary that the mother·species dissolves into the new ones, converts 
itself into these, it may continue, with all its formpr pr(lperties, 
quite unchanged. 

If this \'Ïew is right, the one thing necessal'y is to look for plants 
being in such a peliod of mutation The chance of finding them is 
of course very slight. but this is no reason not to seek for them. 

I have, in these researches, followed two methods. One consisted 
in direct ohservations on the wild growillg-places; tbe other in the 
sowing out of seed collpded from the natural habitat, or of seed 
from plants taken thence and brought into the garden. Isowed the 
seed in the garden all as large a scale as possible. 

The result of this rather extensive resear('h was the wished fol'. 
One species I found ill a mutation-period. Tt IS Oenotltera Lamm·· 
clciana, introduced here, like O. biennis and O. muricata, from 
ÀmC'rica. 

17 
Prooeedings Royal A oad. A msterdam. Vol. lIL. 
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I sawed its seed far the first time in 1887 and at once obtained 
a new form, O. lata, and tbat in three specimens. In 1888 I-again 
sowed seod and now on a larger scale. I once more obtained O. 
lata, in five specimens, and beside it a dwarf form, O. nanella, 
likewise in Bve, and a species wlth narrow, glossy leaves, O. soint
illans in a single specimen. My culture amounted to about 15.000 
seedlings, so thai; both first mentioned species had appeared at the 
rate of 1 specimen on 3000. _ 

I have since repeated these sowings, first on as large, later, with 
more experience, on a smallee scale, and now possess the ninth 
generation of O. Lamarokiana in a state of mutation. 

It pro duces both the first ml'nticned species nearly every year, 
the third from time to time. 

Moreover, I have seen arising from it a series of other forms, 
formerly unknown, sometimes in a single, sometimes in various, 
sometimes, even, iu rather numero us specimens. 1'hus the culture 
of ] 895 produced on 14,000 seedlings, 1 O. gigas, 2 O. leptooarpa, 
8 O. 1'ubrinervis, 15 O. albida and 176 specimens of O. oblonga. 
These forms proved at once constant at the first sowing; they are 
still at present, aftel' some generations of culture, just as they were 
at their first appearance. Besides, of, the three last named, nearly 
every year new specimens arise from the primitive stock. 

I have now, during my fiftcen years' experiment, observed about 
a thousand mutations, in which twclve quite distinct, and mostly 
seed-fast species occurred. Moreover, there originated a number of 
other, indistinct, steriIe, or insufficiently seeel-fast types. 

The rules followed in these Jllutations are: 

1. The new species originate suddenly, without intermediate forms 
or any other preparation. 

2. From the beginning they remain unchanged in the course of 
the generations. 

3. They are mostly, at sowing, perfectly constant, from their very 
first appearance. .A. return to the mother-species, or atavism, I 
never obscrved in thoso cases. Exception O. scintilla?Zs, with strong 
atavism. 

4. Among them is a elwarf-form, (0. nanella), which may be 
taken as a variety; it behaves, ho wever, just as the others. Those 
others deviate from one another, and from the mother-species, as 
much, and in same respects more, than closely allied, older species 
in this and other genera. 
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5. They mostly appear in a great number of individuals, and 
repeatedly in a series of years. 

6. 'fhe new properties are individually variabie, according to 
QUETELET'S law, like those of O. Lamarckiana. But between this 
variability and the mutation by which they took birth, there is no 
perceptible relation. 

7. The mutations take place in various directions and not hy 
preference in a determined one. Mostly they weaken the new species 
and so are disadvantageous (0. albida) , sometimes they are indiffe
rent (0. rubrinerms), so~etimes probably favorable (0. gigas). In 
many cases the fertility seems lessened, in others not at all. 

The appearance of new species may be comprised in the form of 
a pedigree. The specimens repeating the type of O. Lamarckiana, 
then form the stock, of which each year the mutants are as many 
branches. In the pedigree below onIy these mutants are mentioned; 
the specimens obtained from their seed, which served me in the 
investigation af ter the constancy of the species, are left out. 

The pedigree relates only to one of my experiments which was 
begun in 1886 with nine rosettes of two years' plants. These rosettes 
themselves were taken from the wild habitat, but had been removed 
in the autumn of the said year into the botanica] garden, where 
m 1887 they flowered aud bore seed. 

Pedigree of Oenothera Lamarckiana. 

Generation. gigas albida oblonga rubrinervi~ Lam nanella Iata scintillans 
8th Generation 

1899 5 1 1700 21 1 
annnal. - -7th Generation 
1898 9 3000 11 
annna!. ---6th Generation 
1897 11 29 3 1800 9 5 1 
annna!. ---... .. ..--

5th Generation 
1896 25 135 20 8000 49 142 6 
annnal. -------

4th Generation 
18915 1 15 176 8 )4000 60 73 1 
annnal. --3rd Generation 

18110/91 1 10000 3 3 
bienna!. -2nd Generation 
1888/89 15000 5 5 
bienna!. ...--..,-- --

lst Generation 
1886/87 
biennal. 

9 

17* 
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Physiology. - "On rnusc1e-tone", (abstract). By Dr. J. W. 
LA.NGELA.A.N (Oommunieated by Prof. T. PLAcm): 

The researches of late years have revealed a great system of 
afferent nerve fibres, partIy originating in tho muscle jtself, partly 
in its adjacent tissues. Now it is highly probable, that the afferent 
nerve fibres belonging to the mmcle, come into relation with the 
motor nerve ceUs in the anterior harn of tho same muscle and farm 
in this mannel' a muscle-reflex are on whieh musele tonc depends. 

Ta a~certain the extent of this tonicity, I chose the wellknown 
fact, that a normal muscle, the ten don of ",hieh is cut, undergoes ab
ruptly a permanent shortening. This fact shows, that an elastic force 
resides in the tonic muscIe. In order to determine this-forcc, the 
distentioll of the musrle in rest was registered by means of a weight 
increasing with constant velocity. The muscle experimented on was 
the gastrocnemius of Rana esculenta, complete1y 1eft in conneetion 
with its nerves and bloodvessels. 

For the purpose of calculating thR distensibi1ity of the muscle 
from these traeings, the inerease of lcngth (6. 1) eorresponding with 
a 1ittle augmentation of the charge (6. p) was measured. The mpan 
of two sets of measurements was taken as the amount of the dis
tensibility at a certain moment, of which the differential coefficient 

( ~~) is the symbol. This quotient, taken as measure of the muscle

tone, was therefore caned the tonicity-quo1ient, and thc tracings 
from which it was calculated named tonicity-curves. 

From the experiments resulted, that, within the limits of the 
proof, succeeding increases of the charge forming terms of a geo
metrical progression, aceorrled with tonicity-quotients forming terms 
of an arithmetical progression ; or formulatcd otherwise, that there 
existed a logarithmical relation between the value of the succeeding 
tonieity-quotients and the correspondent augmelltations of the charge. 

If the supposition made by FICK, HEIDENHAIN and afterwards by 
MOMMSEN, BENEDICENTI, GOWERS and SHERRI:SOTON is correct, that 
the terminations of the afferent nerve fibres iu the muscle are stimul
ated by tension, it is evident that in my experiments thc value of 
the distending weight must be a measure of this stimulus. Therefol'e 
if p be the amount of this weight Cl p must be thc ratc of stimula
tion, anel the result consequent upon thi!! exeitement is the according 

value of the tonicity, symbolized by O2 :~. A pplying, in this case, 
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the law of FEClINER we are lead to the following connection ! 

e base of the Nep. log. 

By integration this equatioT} leads to the connection : 

1 = A. p + B. p. Ign. p., 

A=lgn. Ol -1 
O2 

1 B=c;-

where 1 denotes the increaso of the length of the resting muscle 
and p the augmentation of the charge. 

The three tables added show how far this fOl'mula agrees with 
the facts. 

A= 0 00724 A= 0.00925 A=0.00777 

B=-O.OOOBO B=-0.00144 B=-O.00103, 

I I I I I 
p. 1. meaa. 1. ca1c p. 1. meaa. 1 ca1c. p. 1. meaa. 1. calc. 

3.0C
1 0.013 o 017 30'1. 0.017 0.020 30C

1 0.016 0.019 

6.2 0.030 (0.030) 6.2 0.036 (0.036) 6.2 o 035 (0.035) 

12 6 0.060 0.057 ]2.6 o C64 0.062 12.6 0.065 0.063 

25 4 0.102 (0.102) 2lJ.4 o 104 (0.104) 25.4 0.110 (0.110) 

33.5 0.121 0.129 30.9 0.116 0.119 27.1 0.11.3 0.111 

Division of the spinal cord at the level of the second vel'tebra, 
did not change these results in any way. 

Severing thc tibial nerve above the knee~joint, the muscle is 
divided from its reflex-centre, the afferent and efferent paths being 
interrupted. The section is succeeded, within thirty seconds, by 
an allongation of the muscle, varying in different experiments from 
0.3 to 1 pCt.; the distention~curves show quite a different form and 
the distensibility is diminished. 

The beginning' of these distention,cu1'ves is a straight line cor1'e
Bponding with an increuse of the weight not be-yond 5.5-9 gram; 
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aftel' a short part of transition, the distention-curve is represented by: 

l=Ap + Bp2 

The tables added give an idea of the agreement. 

- -
A =0.00441 A= 0.00633 A=0.00499 

B=-0.00005 B :::: - 0.000097 B =- - 0.00006 

I 
p. 1. meas. 1. calc. p. 1. meas. 1. calo. p. 1. meas. 1. caic. 

5.45c
1 0.0226 0.0229 6.0C

l 0.0312 o 0313 7.9c
1 o 0301 0.0323 

6.45 U.0269 (0.0269) 7.0 0.0366 0.0368 8.9 0.0344 0.0359 
-

7.~5 0.0318 0.0306 11.0 0.0527 0.0531 9.9 0.0376 0.0363 

12.1 0.0484 0.0468 12.0 0.0570 (0.0570) 11;,0 0.0559 0.0561 

13.1 0.0516 o 0500 13.0 0.0613 0.0608 16.0 0. 0591 (0.0591) 

14.1 0.0548 0.0531 17.0 0.0763 0.0735 17.0 0.0623 0.0621 

25.4 0.0817 0.0807 18.0 0.0796 0.0771 23.0 0.0764 0.0773 

26.4 0.0828 0.0825 19.0 0.0827 0.0798 24.0 0.0785 0.0795 

27.1 0.08B9 (0.ORB9) 23.0 0.0893 0.0894 25.0 0.0807 0.0816 

24.0 o 0914 (0.0914) 32.1 0.0935 (0.0935) 

25.0 0.0935 0.0933 

30.0 0.105 0.100 

31.8 0.107 0.102 

-
From this it is clear, that the atonie muscle obeys the same 

empirical approximative formula of other elastic bodies. 
IJl order to disturb only the afferent patb, cocaine was injected 

into the spin al canal. The tracings obtailled, all showed a rectilineal 
commencement, but this part of the curve never reached above a 
charge increase of 5.5 gram j for the further part it was found, that 
the variation of the distensibility grew slowel' than the increase of 
the charge, but faster than agreeable with a logarithmical relation. 

To study the influence of the contraction of antagonistic muscles 
upon the tonicity of the agonists, I registered curves of the m. 
gastrocnemius, wbile during a certain interval of time the rom. 
tibialis anticus longus and peroneus were stimulated to a continuous 
contraction, by the current of a secondary coi!. It was found, that 
the cOlltraction of these praetibial rouscles was succeeded by an 

----- ---' -----------------
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increase of tonjrity of tbe m. gastrocnemius of about 25 pCt. 
According to the definition of muscle-tone here adopted, the m. 
gastrocnemius became more distensible and this fact was already 
seen by BELL and aftcrwarJs found again by SmJRRINGTON. 

The variation of the tonicity becomes discontinuous, when the 
musde contracting under a little charge, retains a residual shortening. 
In this case thc t()nicity-curv~ is built up of stra.ight lines, at the 
end of earh of those a part of tho shortening is given back, while 
at the same moment the toni city variea. The number of rectilineal 
part of whioh the curve is constitutcd, is almost constant for the 
same muscle, varying for different individuals. The length of each 
of these parts is mostly variabie, but under favourable circumstances 
it is possible to obtain tracings in which thcy are nearJy equal. In 
other cases doubtless compensations are found. 

Amsterdam, September 1900. 

Physiology. - «On the determination of sensoty spinal skin
fields in healthy individuals" . By' Dr. J. W. I.J.A.NGEhA..A.N 

(Communicated by Prof. C. Wn'KLER). 

What we know about th is subject in man, was mainly due to 
pathological cases, anel the schemas of HE.A.D were the most 
complete we had. But ·the physiological experiments by SHERRINGTON 

on Macacus rhesus, carrying on tbe investigations of TÛROK and 
many others, and tbc minute dissectjons' of BOLK on man, have 
given, independently of each other, resuIts so accordant, that ·we 
can believe this problem to be solved in great features. Therefore 
not to add new facts, hut only to show how it is possible to 
detel'mjne these fields in normal persons, this paper is communicated. 

It was found in a case of locomotor ataxy by my colleague 
BEYER1\1.A.N, that in prieking the skin with a pin, there were 
narrow hyperalgetic bands, which 010se1y seemed to follow the 
skin-field borders. I saw the same fact in another case of tabes 
and we interpreted them as thc fields of overlap. 

In order to research if theRe fields could be deiermined in a healthy 
person, I chose intelligent inrlividuals, who could fix their attentiou 
for some time. I began to priek over the skin of the limb first 
crossiul! the mid-ventl'ul lme, great care being taken to priok in 
equa) distances, with the same force and with equal intervals of 
time. Approaching thc mid-line they all a.ccuse a quickly increasing 
sellsation of pain. Now I claimen thcm to note the just perceptible 
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Î:Qcrease and marked tbis place with a blue pencil. Pricking from 
tbe opposite side in tbe same direction a second spot of pain increa
sing was fixed. In this manner, by all tbe perRons I examined, the 
mid-dorsal and mid-ventral lines were easily found as bands extending 
along tho axis of the limb, from a. half to one centimeter breadth. 
lp. no case this crossed overlap on tbe limbs was found to be larger. 

The limits of' tbe fields formed by an anterior and postério!, overlap 
were much more di:fficult to find, because the increase of the sen
sation was slighter· and tbis difficuJty grew in the v}cinity of the 
joints. In barmony with tbis, it was found by SHERRINGTON, that 
the edge of the sensory skin-field- is Ie ss abrupt at the anterior ana' 
posterior overlap tban at the crossed overlap. 

When the person under examiJ;lntion got tired, the limits of the 
fields of overlap came closer to. each other; on the contrary, by 
repeating the experiment on tbe same person af ter a lapse of time, 
tbe borders became wider, because minuter differences' were discri
minated. '1'he same relations are commonly met in determining' the 
extent of the tactilo spberes by means of tbe compasses of WEBER. 

It is clear, that tbe fields of overlap fixed in this manner_must 
be too sm all , for in the first place we know thl'ough the researches 
of SHERRINGTON, that the nerve supply from a single posterior root 
to its skin~field is less abundant at and near the edge of the field, 
and in the second place it is evident, that the increase of the seu
sation must reach a certain extent, before the difference is perceived. 

I am convineed, that the subjectiveness ,of the method, expos,~s 
to many faults, and thereforè 1 give only the photographical repro
duction of the areas aH faund in some cases, without drawing any 
conclusions from it. 

This method extended to the sensibility of temperature could 
_ }!erhaps give good results. 

Amsterdam, Beptem ber 1900. 

All the persons examined were believed to be healthy individuals. 
The roman cyphers denote the number of the posterior root to which 
the skin"field probably belongs. 

Fig. I. Inner side of tbe left arm. Person of research J. V., 
aged 27 years 24/VllI• 2-3.30 P.M. 

Fig. Il. Outer side of the 1eft arm; narrow overlap, p. of r. 
W .. A.. V" aged 25 years 23/Vm 2-3.30 P.M. 

Fig. lIl. Outerside of the 1eft arm; broad overlap. p. of r. 
M. H., aged 27 years I/IX 2-3.20 P.M. 
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F~. J. 

Fig. Jl. 

F~. JI f. 

Proceed Îu"s Rova! Acad . :\ llI stenlam. \ '01. 11 L o 
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Fig. IV. 1eft half of the chest; the skin round the nipple was 
at all hyperaest~etic and the border ?f this field was not certainly to 
determine. p. of r. J. v. D. L., aged 21 years shx 10.30-11.30 A.M. 

Fig. V. Outer side of the right leg; at the place marked with 
a cross skin field XXYII is divided in two parts by a broad over
lap, p. of r. A. A. J., aged 27 years 25/VIII 1.30-3.20 P.M. 

Fig. VI. Left half of the face. The field of overlap round the 
eye was not Iletermilled. The skin of the ear lays in a broad field of 
overl~p. p. of r. E. W. DE F., aged 24 years 6/rX 2-3 P.M. 

Pathology. - "Curious disturbances of the sensation of pain in 
a case of tabes dorsalis". By D. H. BEYERMAN (Communicated 

by Prof. C. WINKLER). 

The following case was observed in the service of Prof. WINKLER. 
C., 52 years old, married to a husband, who made excesses in 

Baccho and in Venere, had thl'ee times' abortus, one child born 
dead, three others dying a few days af ter their birth, and only one 
child alive. Seven years ago, 'she complained of diminishing of vision, 
afterwards of pains in the limbs and round the chest, the gait 
became staggering and difficulties in the deposition of urines with 
diarrhoea ware observed. 

On 13 JuIy 1900, the following symptoms are stnted. 
Internal organs normal. Pupils equal, no' reaction upon light and 

with convergention. Slight ptosis on both sides. Visus greatly 
diminished, large retl'action of the field of vision on the right side, 
and atrophy of both optic nerves. 

No ataxia, DO paralysis in the upper limbs, only a slight pa
raesthesia in the uinar fingers. Anaesthetic patches on the skin of 
the chest. 

The ataxia in the lower limbs is very marked, increasing if the 
eyes are shut. Muscular force also diminished, the muscles are 
weak with marked hypotonicity of the joints. The knee-jerks and 
the reflexes of the tendo of Achilles are abo1ished, the plantar 
reflexes are present. 

The sensation of pain bas diminished in bath legs, especially in 
the left, except on definite tender spots, where the slight pricking of 
a pin, or even a slight touch causes painful expression of the face. 

The exact marking of those tender spots gives characteristic figures 
(photo's N°. land N°. 2) in which they appear as joined together 
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in regular bands, ressemb1ing to the schemflta of the root-innerva
ti on of the skin given by Prof. BOLK (photo's N0. 3 and N°. 4). 

It soems difficult to explain thc pathogeny of these hyperalgetic 
bands, but the nexus between their anatomical localisation and the 
distribution of the root-innervation of the skin seems very probable. 

Geology. - "'The so called opake minerals in tra1Zsmitted- light". 
By Prof. J. L. C. SCHROEDER VAN DER KOLK. 

(Read June 30, 1900,) 

.A.mong thc outward characteristics of min erals , colour, as we 
know, occupies a IJl'incipal place. With many minerals, more espe
cially with the sulphides, the colour is 80 dark, that it of ten seems 
to be black. It is the powder however, which in many cases is the 
true indicator of colour. This powder is obtained generally in small 
but sufIicient quantity hy rubbing the mÎneral on an unpolished 
porcelain surface (the streak). Not a few apparent black minerals 
produce a coloured streak, but a good many others show one equally 
black or at least of as little co10ur as the mineral itself. Hence it 
is that with some dozens of minerals the streak is of little if of 
any value. It naturally suggests itself to attribute the absence of 
colour in the powder to the too great coarseness of the grains, which 
prevents them to become transparent. In fact in a great many cases, 
the rubbing down of the powder produces a distinct colour effect. 
It is easily reduced to smaller grains by rubbing out the streak 
with a hard object, a pieee of quarz or with one of unpolished 
porcelain. 

The following minerals are stl'iking instances: 
Pyrite pale brownish lilac; galena bl'own, a middle colour between 

bister an Indian jnk. Clausthalite reddish browD; pentlandite lilac j 
covelline more or less brownish grten; stibnite very bright yellowish 
brown; chalkopyrite brilliant deep violet j boulangerite reddish brown 
and bournonite brown. 

It needs hardly be said, that colour cannot be described.' Only by 
experimenting the thing win become deal'. I may recommend here 
always to compare tbe colour with that of a rubbed out graphite
streak. To facilitate this experiment, I add a list of those minerais, 
which are more or less analogical as to the colour. Identity I ho we
ver never met with and even tolel'able resemblance of colours in two 
different minerals is very rare. 

Green are molybdenite and covelline and bornite. 
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Violet are chalkopyrite and pentlandite. , 
Pale brown, lilac tinged are pyrite, and more or less smaItine, 

cobaltine and ilmenite. The colour of the last mentioned mineral ap
proaches some more reddish brown tetraedrites. 

Pale yellowish brown are stibnite and jamesonite, whereas haus
mannite and manganite in co]our approach the following group. 

Reddish brown are boulangerite and clausthalite: bournonite is less 
red and as to coulour forms a transition from the two last to ste
ph ani te, wbich approaches yellowish black. 

Yellowish black are galena (greenish tinge) enargite and chalco
sine, further berzilianite, argentite and berthrerite. Finallyanthracite 
might be mentioned here. 

Pale browmsh grey are magnetite and polianite; further stannine 
and corynite, although the streak of these last mentioned minerals 
is of a rather pnre grey colour. 

Still purer is the grey of graphite and pyrrhotine. 
The above mentioned colours were an immediate result of the 

fineness of the partieles growing transparent in conE>equence of that 
fineness. Still an other effect is produced by rubbing down the streak 
of certain minerals. I will just passingly mention it here, later I 
shall treat it more fully. 

The effect I mean is most apparent in minerals whieh eontai:'1 
copper and best in cuprite. In rubbmg out the brownish red streak 
the colour gl'OWS more and more greenish; at last to dissol't'"e bto 
a bluish green. However when shutting out the air with a drup of 
glycerine, no change of colours takes plaee. This s~mc final c:fït;.r 
is obtained in azurite and rnalachite. 

I need hardly point out, that all those eolours may he a gr:!;~ 
help in determining the 80 called opake mineralf!. 

Mathematics. - On "The spacial anharmonic ratio of curves {In 

of order n in the space Sn with n dimensions". By Prof. 

P. H. SCROUTE. 

1. If on the curve f(n in Sn, forming the subject of this short 
treatise, we take arbitrarily n -1 points A" (i = 1, 2, .. n - 1), we 
also determine therehy a space Sn-2 containing these pomts, and we 
can assign the points of the eurve one hy one to the spaces 8n- 1 

through 8n- 2 containing them. This gi ves rise to a correspond
enee one by one between the points of the curve and the spaces 
8n- 1 of the peneil of spaces wlth the basis 8n- 2 , whieh proves the 
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well-known theorem, that the genus of the curve (In is zero, and 
that we can jast as weIl speak of tbe anharmonic ratio of four 
points of (r as of that of four points of a right ]ine. 

2. This simple consideration proves in general, that an invariable 
anbarmonic ratio À must be found by connecting any space Sn-2 

through n-1 variab1e points of the curve by spaces Sn-l with each 
of four fixed points Al' A2• As. A4' which of course forms an exten
sion of tbe well-known property of the conie (l in the plane. that 
the quadruples of lines conneeting a variabIe point P of the curve 
with four fixed points of the curve have an anharmonie ratio inde
pendent of p. 

3. With this the generation of (r by means of n projeetively 
related pencils of spaces Sn-l is closely connected. Moreover ensues 
from it th at (In is determined by n+3 points. For, by dividing 
n+3 given points into two groups, one of n points and one ofthree, 
we can form by means of the n points of tbe first group n spaces 
Sn-2 tbrough n-1 points of the curve and aftel' this determination 
ot the n bases we can fix with the aid of the tbree points of the 
second group the projective correspondence between the n pencils of 
spaces Sn_I. 

4. As is known the conie (12 in tbe plane can be considered 
as the locus of the points P which connected with four fixed points 
Al' A2' As. A4 produce quadru[Jles of lmes of a definite anharmonic 
ratio À, sa that we can speak of the cOllic through Al' A2' As, A4 
containing the anharmonic ratio À; by varying 1 appears thc pencil 
of conics filling the plane; of this pencil the points Al' A2,' ASIA4. form 
the base. In like manner, If of a curve (In we give not n+3 but 
n+2 points Al' A 2 • ••• An+2, we find ~nstead of a single (In an n-i 
fold infinite system of curves f.!n, filling' Sn. And now arises the 
question ",hether it is not possible to indicate individually tbe curves 
of this n-i fold innnite system by means of n-1 anharmonic ratios. 
This question must be answered in the affirmative. For, we have 
seen that on a gi ven (In four given points represent a determined 
anharmonic ratio, and now out of the n+2 given points are to be 
formeel by completing the triple Al A2 .As with ea(>h of the remaining 
AJ to a quadruple Al Az As AJ' (j=4, 5, ... n+2), exactly n-1 
mutuaIJy independent anharmonic ratios À} = (Al A2, As AJ)' From 
this follows for the present nothing but this that to a given curve 
(/1 through the n+2 given points belongs a definite set of anharmonic 
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ratios A) , wbilst on the other hand the possibility is not exduded 
that inv-ersely to a given set of anharmonic ratios AJ belongs more 
than one curve f!n passing through n+2 given points. It is however 
easily proved that all thofle curves (!n bfilonging to a given set of 
anharmonic ratias - supposing tb ere be more than one - are pro
jected from AlI+2 by the same conical space of order n-i. For if 
we project the figure considerpd, from tbe point An+2 npon tbe space 
8n- 1 detel'mined by A2' As, .•. An+1' tbe curves (In thl'ough 
AH A2, ••• An+2 with the anhftrmünÎc ratios A4,' ).5' ••• Àn+2 in Sn are 
transformed into the curves €,Jn-1 through A'l! A2' ••. An+l with the 
anbarmonic ratios A4' }.S •••• }.n +1 in 8n-1. And by repeating tbis 
rednction, passing from tbe applied space 8n- 1 ta the space Sn-2 

determined by A 2' As •••• An etc. till we an ive at tbe plane of pro
jection A2 A3 .A 4 where the ariginal point Al may finally arrive in 
A"I, two CUlves «n whicb pass tbrongh the n+2 given points, belang 
to the anharmonic ratios }'4'}.5 I ••• 111+2 and are projected from Ani-2 

by different conical spaces of order 11-1, will finally be transformed 
into two different conies tbrougb A"l' Ag, .A31 .A4, to ",hich belongs 
tbe same anharmonic ratio À4' Tlns being impossible the different 
curves cr through tbe n + 2 given points which might bE.'long to 
the given set of anharmonic ratios À41 À5, ••• 111+2, must be pr~jected 
from ..4n+2 by means of tbe same conical space. And what is true 
for thc point An+2 is applicable to all tbe remaining given points. 80 
all curves (tn WhlCh may belang to a given set of anbarmonic ratios 
À4' À51 ••• Àn+2 , being projected from all points At, (i = i, 2, .•. n + 2), 
by the same conical spacE's, must coincide. Sa in general we find: 

"We can determine in 811 a curve (Jn passing through any n+Z 
points At. (i=l,2, ... n+2), by indicatingthe n-i anharmonic ratios 
ÀJ = (Al A2 A3 AJ), (j = 4,5, ... 11+2). And these anbarmonic ratIOs 
assumillg all possible values, the determined curve (!II generates the 
n-l foJd infimte linear system with the base At! A 2, • •• 11+2, filling 
the space Sn, whicb system is of course projectively related to tbe 
likewise n-i fold infinite linear system of the anharmonic ratios 
À4, ).5, ••• ÀnH, or in otber words to the linear system of points in a 
space Sn_1 of wbicb the coordinates are given by means of these 
ayatema of va]ues." 
The preceding proof wants some completion. We migbt aak, a. o. 

with a view to tbe structure of tbe anharmonic ratios, where on one 
side Al' A21 As and on the othor slde .A4, A5, ... .AII+2 play different 
parts, whether we are allowed to extend to all }Joints AI what has 
been founll true for An+2. Yet leaving alone wbether it be necessary 
to know that all points At behave in this respect alike, it is easy to 
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see at once, that tbe difference between the points of the two groups 
is in this respect but an apparent one. For by giving the n-t 
anharmonic ratios (Al A2 A3 AJ)' (j = 4, 5, •.. n+2), all anbarmonic 
ratios of quadruples of points Ai are determined. For, if on a right 
line 1, corresponding point by point to (!n, we aStmme arbitl'arily the 
points belonging to Al' A. 2, A3, the given anharmonic l'atios determine 
the points belonging to A 4, .A 5, ••• AlI+2 ; so on 1 tbe n correspondiug 
points and th1.JS all tbe anbarmonic ratios are known. 

5. Probably it is recommendabIe to calI the complex of tbe 
(n+2)(n+t)n(n-l) ,~ . . 

6 2 3 anharmomc ratIOs, determmed by n-l mutually 
1. . . 4. 

independent ones out of tbem, simply a spacial anharmonic ratio 
and to represent it by the symbol ),(11-1). We can then sáy, that 
the n-l foId infinite linear system of curves (111 with n+2 points 
Ai as base is projectively related to that spacial anharmonic ratio, 
in so far tbat a curve of tbe system corresponds to a definite spacial 
anharmonic ratio and l'eversely. By this tbe analogy of tbe obtained 
result with the special case n=2 becomes as great as possible. 

6. The above led us to the following theOl'em of cyclic inversion, 
which we shaH first indicate for the special case n=3 of our space. 
The net of the skew cubics (!3 is then given by its five base points. 
If we put 

(AIAgAsA4) = Ao, (A2ASA4.A5) = All (AsA4 A5A I) = À2' 

(A4A5AIA2) = As, (A5AIA2AS) = A4' 

where (PQRS) always stands for 

PR PS 
QR : QS' 

then the question rises by which recurrent relation the five quan
tities Ai, (i=O, t, 2,3,4), are connected. By direct l'eckoning' we find 

, Am+l 
"m+2 =, , 

Äm{Am+l-1) 

where m, m+l, m+2 are to be replaced by their l'emainders aftel' 
division by five; and really by repeated substitution we arrive at 
Àm+5 =Àm. Of course in the general case of an arbitrary naresult 
will be obtained of the farm 

~----------------------------
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However, thc definition of the farm of the function f we leave to 
others. 

7. We sball point out a few particularities which already appear 
when we restrict ourselves to space with three dillensions. 

In the following way the net of the skew cubics rl through five 
points is deduced from consideratioDS on conics and cones. 

If A, B, C, D, E are five points given JLrbitral'ily in space, the locus 
of the verticf's T of the cones T(A,B,C,D,E) through these points, 
on which the edges T (A, B, G, D) l'epl'esent a definite anhal'monic 
ratio À, is the CODe E,,(A,B,C,D) thl'ough A,B,e,D with vertex E, 
on which the edges passing through A, B, C, D determine the anhar
monic ratio À. And if ')" assumes all possible values this cone 
generates the pencil with EA, EB, EC, ED as hase edges, filling the 
space. 

For, if P is an arbitrary point of E" (A, B, C, DJ, then acrording 
to definition 

P(AE,BE, CE,DE)=À 

and this is identical with 

E (AP, BP, CP DP) = À. 

If A, B, C, D, E are again five points given nrbitrarily in space, 
the locus of the vertices T of the con es T(A,B,C,D,E) through these 
points, on which T (A, B, C, D) and T (A, B, C, E) represent respectively 
the anhal'monic ratios ')" and ft, is the skew cnbic (13 through 

Jo, iL 

A, B, C, D, E, forming with the 1ine DE the complete intersection of 
the cones E;., (A, B, C, D) and DiL (A, B, C, E). And if À and ft assume 
all possible values, this curve generates the net with the base 
A,B, C,IJ,E; this net filling the space is projectively related to the 
points (À-, ft) of a point-field. 

The anharmonic ratios 1'(A, B, C, D) and T(A, B, C, E) on the 
cone T (A, B, C, D, E) being identical with the anharmonic ratios 
(A, B, C, D) and (A) B, C, E) on the curve (l3 ,this result is nothing 

À,p, 

more but at the same time nothing less than the special case n -3 of 
the general result obtainfld befare. And from this we could have gone 
on to the case n = 4 in order to prove the anticipateà general result 
by the C'onclusion from n to n + 1. It occurred to us however that 
the deduction given above of the general result is shortcr and clearer. 



- 272 -

( 260 ) 

8. By assuming between land ft the biline ar reJation 

we form a projcctive correspondence betwcen the cones E},(A,B,C,D) 
and DI' (A, B, C, bj. So we find. 

"The locus of thc rurves (J3 , far which land ft satisfy a given }",. ~ 

bilinear relation, is a surfa.cc F4 cf order four, on which the two 
triples of lines DA, DB, DC and EA, EB, EC are simple lines, the 
points A, B, C are double points and DE is a double line. All those 
different surfaces F4 farm a threcfold infiuite linear system, pro
jectively related to the linear system of the reciangular hyperbolae, 
represented by tbe equation of correspondence, if land ft indicate 
the rectangular coordmates of a point in the plane." 

"If in palticular p = 0, then l = 00 and ft-= 00 correspond to 
each ather and likewlse the pairs of planes E (AD, BC) and 
D (AE, BC). Then the surface F4, passmg through BG, breaks 
up into thc plane ADE and a surface F3, i. e. the locus of the 
curves (J~ is then an F3 through the edges of the tetrahedron 

,I' 

BeDE. All tbese surfaces pass through A and have B, C, D, E 
as double points; so they farm a net of course projectively related 
to the net of tbe right lmes q l + r ft + 8 = 0." 

"If at the same time q = 0, we tben find À = 00 and r ft + 8 = 0, 
so tbat F'li breaks up into tbepairofplanesE(AD,BG) andacone 
DI' (A, B, C, E). By the addition of q=O a new plane i. e. BGE 
bas separated from F4." 

"The lineal' system of the surface F4 contains a net of surfaces 
FS and tWQ pencils of cones." 
Also analytirally wp ean easily find that the surfaces F4 having 

DE as double line, A, B, C as double points and passing through 
the triples of lines D(A,B, G), E(A,B, C) farm an at least threcfold 
infinite series. Firstly we learn out of the equation. 

Z2CP2(.T, y) + z t i.fJ2 (.v, y) + t2X2 (x, y) +z~s (c, y) + t I1s (.r, y)+ '4. (.r,y) =0 

of a surface /4 (.T, y, z, t) = 0 of order four with the right line 
a = 0, y = 0 as double line, tbat of the 35 coefficients of the com
plete equation only 

3 + 3 + 3 + 4 + 4 + 15 

or 22 are E'xtant, sa that tbe compound condition of having DE as 
a double line is equivalent to 13 simple ones. The condition of 
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having A, B, C as double points and tbat of passing through six 
given lines COllnt respectively for 12 and at most for 6 simple ones, 
BO that at least 3 remain at Dur disposal. Only if each Burface F4. 
'vith DE as a double line and A, B, C as double points, whieh is 
broug'ht tbrough five of the six lines, contained by that al ready a]so 
the sixth - a peculiarity which appears as will be Been in the following 
series of snrfaces - the number of condition& to be disposed of cou]d 
become greater than 3; so this peenliarity does not appear here. 

It is a]so easy to see that the surfaces FS through .A with the 
double points B, C, D, E form a twofold infinite series. For, the 
surfaces Is (011, y, z, t) = 0 with the vertices of the tetrahedron of 
coordinates as double points form a linear f3ystem 

a y z t + b z t IC + c t IC Y + d IC ?/ z = 0, 
etc. 

9. If we assume in space six given points A,B, C, n, E,F, we 
arrive in the following way at a generation of skew biquadratics: 

"The locus of the common vertices Tof the cones T(A, B, C, D, E) 
and T (A, B, C, D, F), on which the four edges T (A, B, C, D) deter
mine l'espectively the anharmonic ratias ),. and ft, is the skew bi
quadratic (J~.,.. through A, B, C, D forming the complete intersection 
of the cones E}, (A, B, C,D) and F,.. (A, B, C, D); of this curve E 
and F are two of the four vertices of con es containing it. And 
if ),. and .u assume all possibie values this (14 generates the net 
with the base A, B, C, D and the vertices E, Fj this net filling 
the space is a. o. projectively related to the point-field (À., ft)." 

"Thc locus of the curves Q~.,.., for which ),. and ft satisfy a 
given bilinear relation, is a surface F4 of order four, having the 
points A, B, C, D, E, F as double points and containing the quadru
ples of lines E(A,B, C,D) and ll(A,B, C,D). All these surfaces 
F4 form again a threefold infinite linear system, projective]y 
related to the linear system of the rectanglllar hyperbolae repre
sented by the equation of correspondence." 
Some difficulty arises regarding the proof, that the surfaces Ft 

found here reany represent a threefold infinite series. For, the con
dition first of having six double points and secondly of passing 
through eight lines connecting four of these points with the remain
ing two is equivalent to 24 and apparently to 8 simple conditions 
more; from which would ensue, that only two simple conditions 
remain at our disposal. This difficulty can be removed only by the 
supposition, that each surface F4 with the double points A, B, C, D,E, F 

Proceedings Royal Acad. Amsterdam. Vol. IU. 
18 



- 274 -

( 262 ) 

passing through seven of the eight lines (Et F) (At B, C, D) also , 
contains the eighth. In reality the surface' of the series deg~nerated 
into' four plan es showthat the series is threefold infinite; For of 
the nine. degenerated surfaces 

I . II UI IV V VI VII VIII IX 
.' 

EAB EAB EAB EAO EAO EAO EAD EAD EAD 

EOD ECfD EOD, EBD EBD EBD EBO EBO EBO 
" 

FA"B FAO FAn FAB FAO FAD FAB FAO FAD' 

F.on FBD FBO FOD F:B"D FBO FOD FBD FBO 

the individuals of each of the triples (I, lI, lIl), (IV, y, VI), 
(VII, VIII, IX), (I, IV, VII), (U, V, VIII), (lIl, VI, IX) belong~" 

. to a same pencil, as is shown by the identity 

. -
(tc-iJ) (z-t) + (tc-z) (t-y) + (~-t) (y-z) = 0.' 

80 I, 1I, IV, Vare four degenerations no three out of which belong 
to a pencil. Moreover the fourth not belonging to the net deter
mined by the others - for I, II, IV contain AB and CD and 
these lines do not' lie on V -' they form a 'linear system of three
fold infinity. 

10. For seven points, A, B, C, D, E, F, G given arbitrarily in space 
we have farthermore:. . .' ' 

"Four vertices T. ar~ to be found for which the common· edges 
T(A, B, C, D) determine respectively on the .three cones T(A,B,C,D,E), 
T(A, B, C, Dt F), T(A, B, G, D, G) the anharmonic ratios }., p, V. 
These four points. form with A,B,C,D the eight points of inter
section of the three cones E1.(A,B,C,D), F(J.(A,B,C,D), G.(A,B,C,D). 
And if A, !i,~' assume all possible values, this quadruple of points 
generates a biquadratic involution of quadruples of points filling 
the space and projectively related to the points (A,!tl 'P) of space. " 

. According to the general character of the involution a quadruple 
of points P, Q, R, S is .. determined hy one of its points; if P is 
given the cones E (A, B, ,C, D, P), F (.A, B, C, D,P), G (A, B, C, D, P) 
are determined and likewise thc. three other new points of inter
section. In fact, we have not to deal with all quadruples of points 
completing· A, B, C, D to eight associated points, inwhich" case we 
migbt arbitrarily assume ,seven out of the eight points, but only with 

. tho~e octuples A, B, C, D, P, Q,R, S, for which E, P, Gare three ver-
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tices of quàdratic cones containing them. Of. course a great number 
of problems appear imme.diately. We can ask what Q, R, S ge
nerate tog!3ther when P describes a right line or aplane, what the 
loous is of the quadruple of points under the condition that one of 
six connecting linespasses through a. given point or intersects a 
given line,etc. In order not to be too prolixwe shall discuss but 
two other loci. 

Of these the first is connected with tbe trilinear equation 

'1c À P v + 1 P 11 + m 11 À + n À P + p} + q p- + '1' 11 + 8 = 0 

between À, p, 11. We find: 
"The locus of the quadruples of points of intersection of the 

three con es 1-"',. (A, B, C, D), FfI- (A, B, C, J), G. (A, B, C, D), for which 
}., Pi'" satisfy a __ given trilinear equation, is a surface of order 

. six with A, B, C, D' as threefold points, E, F,.G as double points 
. ~nd. thethree quadruples of lines obtained by connecting each of 
three points Ei F, G with the four points A, B, C, Das simple 
]jnes. All' those surf aces F6 form a sev.enfold infinite linear system, 
projectively related to tbe in like way sevenfold infinite system 
of. cu bic surfaces represented by the' equation of correspondence." 
Here is again immediately shown, that the found surfaces F6 form 

an, at least sevenfold· infinite series.For of the 83 'simple conditions 
determining an F6 the four threefold points take 40, tbe three double 
points 12 and the 12 rightlillesat most 24, so. that at least 7 
remain . at our disposal. The system of the ,surfaces F6 being really 
sevenfold infinite, from this ensues' reversely that the determining 
quantities -.' threefold, points, double points and slmple lines -' 
represent mutually independent data. 

Secondly we. look fol'· tbe locus of the quadruples of points of 
intersection, for which À,!-t, 11 àre equal to one another. We fiud: 

. "The locus of the quadruples of points of intersection of the 
three con es E).. (A, B, C, D), FfI- (A, B, C, D), G. (A, IJ, C, D), for which 
À, I-l, 11 are equal to one another, is a skew séxtic not passing 
through A, B, C, D, E, F, G." . 
. According to the above the locus of the intersection n4 of 

";',fI. 

E).. (A, B, C,'D) and FfI- (A, B, C,' D), for whichÀ = p, is a. surface 
F4l passing through the two. quadruples of lines E (A, B, C, D) and 
F(A, B, C, D) with the double points A, B, C, D, E, F, which passes
the values 0, 1, 00.' of À corresponding to equal values of p_' 
likewise through the edges of the tetrahedron AB CD • 

. In like manner thelocus of the intersection pf E).. (AI.B, C, D) and 
18* 
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G.CA, B, C,D) , for which ).. = P, is an F4 with the donbIe points 
A, B, C, D, E, G passing throllgh the quadruples of lines E(A,B,C,D) 
and G (A, B, C, D) and the edges of the tetrahedron ABCD. Of the 
total intersection Q16 of these surfaces, having A, B, C, D, E as four
fold points, the ten right lines cOJlnecting the points, A, B, C, D, E 
two by two, separate; so has been proved what was asserted. 

Botanics. - "Pl'eservatives on the stigma against the Germination 
of Foreign Pollen." By Dr. W. BURCK. (Communicated by 
Professor RUGO DE VRIES.) 

It is welI known that the pollen of many plants gets destroyed 
as soon as it comes into contact with water. The both coats (exine 
and intine) are then Been to burst, while the contents stream out 
vigorously I). 

Further it is known that frequently pollen is successfully bronght 
into germination in sugar solutions at different degrees of concentra
tion, or alao in gelatin, agar-agar, gum, dextrine etc., or in mixtures 
of these substances with sugar 2). 

For number of pollen species, ho we ver, th ere has not yet been 
found, hitherto, a soJution in which germination was obsel'ved (many 
Compositae, Umbelliferae, U'rticaceae, Malvaceae, El'icaceae, and 
many others). 

Tbe idea tbat chemica} substances occurring in tbe moisture of 
tbe stigma would here play a part, has been frequently expressed, 
aIDong others by MOLISCH S), in 1892, who inferred it from the fact 

1) Ou the relation of pollen fo water compare, among others, BENGT LroroRSs, 
Zur Biologie des Pollens. Pringsheim's Jabrbucher Bd: XXIX, 1896, pag. 1-39. 

HANSGIRG, Beitrage zur Biologie und Morphologie des Pollens. Sitzungsber. der 
K. Bohm. Gesellsch. 1897, XXIII. 
BE~GT lIDFoRSS, Weitere Beitrage zur Biologie des Pollens. Pringsheim's Jnhrb. 

Bd. XXXIII, 1899. 

2) See, among others, VAN TI1JGHEM, Recherches physioJogiques sur la végétation 
libre du pollen et de l'ovule. Annales des sc. nat. Bot. 5e série, tom. XII, 1872. 

L. KNY, Sitzungsber. d. botnnischen Vereines d. Provinz Brandenburg XXIII, 1881. 
E. STRASBURGl'JR., Neuere Untersuchungen uber den Befruchtungs-Vorgnng bei den 

Phanerogamen etc. Jena 1884. 
E. STRASBURGER, Ueber fremdartige Bestaubung. Pringsbeim''l Jahrb. fUr w. Botanik 

Bd. XVIII, 1886. 
H. MOLISCH, Zur Pbysiologie des Pollens, mit bE'sonderer Rucksicht nuf die chemo

tropischen Bewegungen der Pollenschlallche. Sitzungsber. der math. nnturw. Clnsse der 
K. Akademie der Wissensch. Wien Bd. CII, Abth. I, 1893. 

S) MOLISCH, l.c. png. 429. 
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tbat tbe pollen of Azalea, which could not be brougbt into germina
ti on in water, formed beautiful pollen-tubes when, together with 
the pollen, a stigma of Azalea was intl'oduced inio the drop of water. 

To me, also, it has seemed probable, for years all'eady, that pollen, 
which did not germinate in water or Bugar solutions, wanted a 
special chemical stimulus to cal1 forth the process of germination, 
and that iu the either or not being present of sueh a chemical 
substance in thc liquid of the stigma, in some cases the explanation 
might be found of the striking fact, that of ten the pollen cannot 
germinate on the stigma of a plant, which stands in close relation
ship to the plant producing the pollen, while it germinates very 
weIl on the stigma of a plant belollging to a systematically distaut 
family 1). 

Already in 1889 I thought this might be inferl'ed from the faets 
following. The pollen of .ldussaenda rufinervis, M. frondosa, 1I1. 
Teijsmanniana, M. Afzelii, M. Reinwa1'dtiana and M. cylindrocarpa, 
belong to those species of pollen which re sist the action of water and 
are not prejudiced by it, but which do not, ho wever, pass into 
germination in it. 

When now this pollen is introduced into a drop of destilled water, 
in which is at the same time put a stig'ma of the plant, Dearly all 
the pollen-grains will begin, within the space of two hours, to form 
tubes, which rather quickly attain a considerabIe length. 

It is not necessary therefore to use the whole of the stigma; the 
germination sets in as weU if on]y a balf, a fourth, or an eighth 
part is put in the drop of water, and I even saw distinct gcrmina
tion on addition of 1/16 part of thc stigma. 

Tbe same experiment to make pollen germinate in the thus diluted 
stigma-liquid of the same plant, succeeded for many species of 
Pavetta and further for Pentas ca'rnea, E1'iostemma floribunda, four 
species of Begonia, for [Jva1'la purpu1'ea, [}. ki1"suta, Torenia Fow'
niel'i, and for MU1'1'aija exotica, plants belonging to the Rubiaceae, 
Begoniaceae, Anonaceae, Scrophula1'iaceae and Rutaceae. 

With a great many oth!:'r plants, however, the experiment did 
not succeed. 

FUl'thermore I had found that fol' Mussaenda it did not matter 
wh ether the stigma of the same species was used, or that of another 
species of tbe genus. 

1) STl1ASnURGER, Ueber fremdnrtige BestiLubung l.c. 
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The pollen of ];1. ntfine1'vis germinates as weU in tbe dilute liquid 
of M. frondosa and M. cylind1'ocarpa as in that of its own species, 
and pollen of M. f1'ondosa couid also be brought into gérmination 
in the stigma-liquid of M. 1'ufinervis and M. cylindroca1-pa, whilst 
the pollen of M. cylind1'oca't'J!a, M. Reinwa1'dtiana and M, Teijs
manniana, germinated besides in the stigma-liquid of M. 1'ufinervis. 

For the different species of Pavetta this was otherwise. ~ 
I succeeded indeed in causing the pollen of Pavetta javanica ta 

germinate in destilled water in the presenee of a stigma of P. 
javanica and P. fulgens, but not in the dilute stigma-liquid of P. 
longipes, P. gmndtflora, P. C01'z'acea and P. pa~~ciflora. 

The pollen of Pavetta grandiflom germinated only in presence 
of a stigma of its own species and of P. fulgens, but not with a 
stigma of P. Javanica, P. longipes, P. c01'iacea and P. pauciflo1·a. 

That of Pavetta c01'iacea eould not be brought into germination 
at all in tbis way, not even when using the stigma of P. c01'iacea 
itself. 

It was also proved that the pollen of Mussaenda cylindl'oCa1-pa 
did not germinate in the dilute stigma-liquid of Pavetta grandiflora 
and the pollen of Mussaenda 1'ufinm'vis not in that of Gard('ftia 
Ctwvata, etc. All this points to the presence in the Ruid of the stigma 
of substances which possess the power to bring about thc process 
of germination, and gives also cause to suppose th at for distinct 
genera and aIso for distinct species of the same genus, those sub
stances may be distinct too. Sincc I orcupied myself with this in
vestigation: tile pollen has repeatedly been the object of interesting 
researches, as weIl with regard to its relation to water (KERNER, 

LIDFORSS, HANSGIRG), and to the negative aerotropism, which may 
be observed in pollen-tubes (MOLISCH), as to the chemotropical 
action exerted by the stigma anrl by special chemical componnds 
on the pollen-tubes. 

lt is not impossible that sometimes the same substances whirh 
exert a cbemotropical inRuence on the once formed pollen-tube, o.lso 
possess thc faculty to excite the latent germiual power of the pollen
grains, but certaill it is not; in any case, it has not yet been 
proved to be so. 

J f a stigma of Narcissus Tazetia is passed in to a drop of sugar
gelatin solution, together with some pollen of this plant, then, as 
MOLISCH hab pointed out, tbe tubes formed are attracted by the 
stig'ma and also by the section-face of the style, but the germination 
of the pollen itself is not influenced by the stigma; the process of 
germination is accompUshed also without a stigmtt, if only tbe 
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Narcissus-pollen is introduced into the 7 pCt. sugar solution re
ferred to 1). 

The infiuence of the stigma is first feIt when the tubes are 
formed, and af ter all appearance the curving towards the stigma, 
in this case at least, reposes on a growth towards the nutrient 
source (trophotropism) of a pollen-tube, formed from the reserve
suhstances of the polleu-grain. 

rrhe last research of LIDFORSS 2) proved that the stigma cau in 
this experiment be replaced by organs of foreign plants, for instance 
by bits of Allium-root, which made him suppose that a substance, 
largely spread in the vegetable kingdom, was here concerned. Frag
ments of diastase act in the same way and, as was nearer indicated, 
it is not the diastase as such, the starch-converting principle, but 
the albumen occurring in the preparations, from which goes out the 
chemotropical influence. 

So, these things should not be confounded; the chemical sub
stances possessing the faculty to 'caU forth the process of germi
nation are not, - at least not here - the same th at occasion a 
chemotropical curvation of a once formed pollen-tube. 

An investigation of chemotropical curvations under the influence 
of a stigma was not in my way. Nor was the way in which tlle 
germination experiments were performed, - namely in a medium 
in which the soluble constituents easily diffunded from the stigma
moisture, adapted to observations in this direction. 

My object was exclusively to examine in how far pollen, not 
passing into germination in water or in sugar solutions, reqmred a 
special chemical suhstance to caU fOl'th the germination. For I put 
myself the question whether STRASBURGER'S opinion that 011 the 
stigma 110 preservatives were present to prevent the germination of 
foreign pollen, was not taken in too general a sense? 

Af ter the said preliminary experimellts had pointed out the 
presence in the stigma-Huid of I:lpecial chemical compositions, under 
whose inHuence the germînatioll was brought about, I tried to find 
a substance able to exert on the pollen of these different plants, 
the same influence as the stigma-fluid. 

This research has led to the following results : 

It lay at hand first of all to think of soma organic acid, not 
only because the stigmas react feebly acidly, but in particular on 

I) MOLISCH 1. C. p. 427. 
J) .Hot. Centrnlb1. No. 11, 1900, p. 878. 
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aCdouot of the well-knowo ioHueoce of orgaoic salts aod acids on 
the spermatozoids of feros aod of 8elaginella 1). 

All my efrorte, however, to find a solutioo of tartaric acid, oxalic 
acid, or malic acid, able to make the pollen of Mussaenda rufinel'vis 
germioate, remaioed uosuccessful 2). 

810ce it is become koowo that MOLISCH, led by the same course 
of thought, tried in 1892, hy meaos of orgamc acids aod s~lts, to 
caU forth thc developmeot of tubes in pollen of some Compositae, 
Umbelliferae, Urficacpae, .J.'l1alvaceae and Ericaceae, which could oot 
be caused to germioate iu water: gclatio, sugar, glycerine, or gum, 
aod that he indeed succeeded irr so far as regards that of Azalea 
indica, Rhododend1'on ponticum, aod R. arboreum. 10 solutions of 
1-0,05 calcium malate and of 0.01 pCt. malic acid, germination 
was observed 8). 

The other pollen species were quite insensible to these stimuli. \ 
As little as the pollen of Mussaenda, that of different species of 

Pavetta, Begonia and Pentas cal'nea, was to be brought into germi
nation in acids or salts. 

From the acids I turoed to tbe sugars and allied substances and 
then it became evident tbat it was impossible to cause the .J.Vussaenda
pollen to germinate in solution of saccharose, whichsoever degree of 
concentratioo this solution might have. I used solutions of 0.05 pCt. 
mounting to 40 pCt. 

No morf' were Mannite and Dextrose able to cause germination. 
Experiments vnth Asparagine and Dextrine, too, led to no results. 

When, however, the slightest tmce of levulose was added to the 
water, !he process of germination set in wit/tin the time of two hours 
and soon the tubes proved as long and as beautiful as at the genni
nation in dilute stt'grna-liquid. 

Here it was perfectly indifferent whether levulose was added 
to the destilled water, or tI) tbe solutions of the said sugars io dit
ferent degrees of coo('entratioo, or to IJ. solutioo of gelatin. Levulose 
proved thus to exert the same ioHuence on the pollen-grains aR 
the stigma. 

That the chemica1 substance which diffuods from the stigma-liquid 
in tbe drop of water shonld contain levulose, is, of course: not aseer
tained hereby; otber substances a1so occurring in the stigma-liquid 

1) PFEFrER. Locomotorische RlChtungsbewl'gungen durch chemische Rl'ize. U uters, 
aus dem bot. Institut zn 'lubingen Ed. J. Heft 3. 

~) The experiments were peIformed wJth solutiolls of 0 2 pCt. to 0.0025 pCt. 
S) MOLJSCll. 1. c. p. 429. 
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IDight exert the same influence on the pollen-grains of Mussaenda. 
Presently it will bccome evident, at tbe mentioning of a related 
experiment, that it is necessary to be cautious with sueh an identification. 

The research sIlOwed further tha~ the pollen of other species of 
Mussaenda behaved towarc1s sugar solutions just in the same way 
as that of M. rufine1'vis; from the facility with which the pollen 
of these species germinated in earh other's dllute stigma-liquid, this 
might be expected. 

The pollen of Begonia corresponds, regarding it" relation to sugar 
solutions, in many respects with that of Mussaenda, but in this genus 
important deviations occur with regard to the behaviour of the ponen 
to water. 

That of Begonia g01'fJocensis namely, germinates already in destilled 
water, while that of B. Deppii, B. semperflorens and B. imperialis 
does not try to form tubes In water. Of all four examined species 
the pollen germmates, bowever, easily in thc presence of a stigma 
in the drop of water. But here I should observe tbat it is not 
be forehand to be said with certaillty whether newly roJlected pollen 
of Begonia g01'gocensis will come into germination in destilled water 
or not. 

Repeatedly in the germioation experiments the phenomenon occur
red that the pollen of this Begorda, having one day formed tubes 
in the drop of water, thc next day did not manifest a trace of 
tube-development, although it was taken from the same plant. 

This is a particularity which I later found not to be rare in other 
species of pollen neither. 

All botanists who have occupied themselves with the germination 
of pollen, have likewise expel'ienced that its relation to water is not 
always the same by faro 

A slight difference in the humidity of the surrounding air can 
be the cause, not only that pollen which, under normal circumstances 
is resistent to the influence of water, when brought into contact 
with it bursts immediately, but also that pollen, which germinates 
in destilled water, cao not be brought into germillation at a deviating 
humidity of the air. Elaborate informations thereabout have of 
late been given by BENGT LIDFORSS in PRINGSHEIM'S Jahrbücher, 
Bd. XXXIII, Heft 2, 1899, Cap. I en Il. This is the reason that 
never any experiment can be performed cOllcerning the germination 
of this pollen in any liquid without having first exammed, - by 
control experiments, by preference with the pollen from the same 
anther, - whether it passes into germination in destilled water, 
either or not. If this precaution is neglected there is great risk to 
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draw a wrong conclusion from the germination experiments. The 
pollen of this Begonia, for instanee, I have repeatedly seen germjn~ 
ating in solutions of saccharose, dextrose and mannite of different 
degrees of concentration, but as aften the same experiment did not 
succeed. Now one might be inclined herefrom to concludE', that in 
this spE'cies of pollen germination can be stirred by the said sugars; 
but this is hy na means thc case: to the solutions meutioned this 
pollen is perfectly indifferent. Thc divergent results are explained 
in this way, that the said pollen at one time germinates in water, 
at another time not. ]f it does not germinate in water the process 
cannot be called forth by saccharóse, dextrose, mannite or asparagine, 
if it does, this also takes place in solutions of these substances, and 
80, this is to be taken in such a sense that saceharose, dextrose 
and mannite have not the power of preventing the germination~ 

In presence of a stigma of the own plant it invariably germinates 
and likewise if the liquid contains a trace of levulose, indifferently 
whether the levulose is added to the destilled water, or to a solution 
of sacchal'ose, dextrose, mannite or asparagine. 

The three other species of Begonia, B. semperfim'ens, B. Deppii 
and B. imperia lis, behave towards water, dllute stigma~liquid, and 
kinds of sugar, in the same way as the pollen of .J.Vussaenda, i. e. 
do not germinate in water, but only in dilute stigma-liquid and 
in liquilis containing levulose. 

Now it is certainly striking that levulose acts quite diflerently 
on the pollen of the Pavettas. Of some of these, namely of P. 
macl'otlty1'sa and P. Reginae, the pollen germinates al ready in 
destilled water; that of P. javanica, P. fulgens, P. longipes, P. 
paucifiom, P. g'J'andifiom, and others, only m presence of a stigma. 

For all these Pavetta-species however, the preAE'nCe of levulose is 
an obstacle to the development of the pollen-tube. Of not a single 
sperÎes I have been able to make the pollen germinate in levulose, 
and what in particular desen'es attention, is that of most Pavettas 
the germination is not only prevented, but that the pollen bursts 
and allows its contents to stream out when brought into contact 
with a liquid containing levulose. 

Wbat has just now been communicated about the l'elation of the 
pollen of Begonia gO'J'gocensis to water, holds also good for that of 
Pavetta rnac'J'otltY'J·sa. 

Now it forms beautiful tubes in this liquid, then again no t~ace 
of germination is to be detected. In the latter case the process of 
germination is not to be called forth by saccharose or dextrose, 
whilst, if it does gcrminate in water, adliition of these sugars does 
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impede thc proress. If now to the }iquid a tracc of Ievulose is adde<1, 
whether this liquid eonsists in destil1ed water or in a soluhon of 
sugar, the coats burst and the contents spread in the liquid. 

I have not succeeded in fillding a chemical compound able to 
eaU forth germination in Pavetta. What has been toM above about 
the different behaviour of this pollen towards thc stigma-liquid of 
the plant itself and towards that of other species, makes it appear 
probabIe that in distinct species there are also distinct substances 
present in the stigma-liquid. Which substances however these are, 
I have not as yet been able to detect. 

The pollen of MU1'mya exotica (belonging to the Rutaceae) COl'

responds in its reJatlOn to levulose completely with that of many 
Pavettas. Put in watel', the pollen-grains show a commencement 
of germination. As a rule the tubes atblÏn na greater length than 
of 1-2 times tbe diameter of the pollen-grains. In di]ute stig'ma
liquid or in a so]ution of sacchal'ose, mannite or dextrose, the 
growth of the tubes is not furthered. In this Rolution the pollen 
bchaves as in water. 

On addition of levulose, ho wever, whether to the water, or to 
thc sugar solutions, the grains burst and thera is IlO question of 
formation of tubes. 

What has been said here about the prejudicia.l action of levulose 
Oll the pollen of Murraya exotica, has induced me to examine 
whether this pollen might be caused to germinate in the dilute 
stigma-liquid of .Mussaenda. If the pollen of MU1'raya woulrl burst 
in a liquid whcrein a stigma of Jlfussaenda is laid, then thc suppo
sition that the chemical compound which in the stigma-liquid of 
lrlussaenda causes germination, is levulo5e, woulrl have acquired a 
high degree of probability. 

It has now become evident to me that this is not the caRe; the 
pollen of Murraya does not die in the di1ute stigma-liquid of 
J.11ussaenda 1'ufiné?'vis; it germinates in it in the same way as in water. 

The possibility is Dot excluded that still we have to do here 
with levlllose, but that this compound, diffunding from th-e stigma
liqnid produces a too weak solution to act prejudicially on thc pollen 
of Mm'mya; but how this may be, the said experiment shows that 
the substance able ta cause germination in the stigma-liquid of 
Mllssaenda, cannot, as yet, be identified with levulose. 

The fact th at the pollen of some Pavetta8 is greatly prejudieed 
hy levulose, while th at of other Pavetfas and of JYIurmya exotica 
is even destroyed by the presence of that substance in tbe gel'min~ 



- 284 -

( 272 ) 

ation liquid, has induced me, aIso for a few öther plants, to examine 
llow . tbéir pollen behaves towards levulose, of which reseárch the 
results follow here:' . , 
, The pollen of lpomoea 1:mperialis, Calonyction speciosurn (1pom~ea 

bon a nox), and' of some other cultivated species of Oanna,' belong 
to those species of pollen which are not pro of against -water. " 

Tbe grains·' burst immediately after they have come iIÏto conta~t 
witb water and the· same takes pIace in dil'ute solutions' óf saè. 
charose. Only at a concentration of 20 pCt. no ruptrire of the pollen~ 
coats orcurs; it remains intact, but does not pass into germination. 

If now, ho wever, to such a solution a trace of levulose~s added, 
the grains burst just as in. water. 

Tl1e pollen' of a species or" Acanthacea: Justicia (Tyloglossa) 
cultivated at Batavia and Buitenzorg, is perfectly proofagainst water 
and sugar solutions. It can remaiil in it fof a long time. witlióut 
any change being ob.served and without passing into _germination.' 

A slight quantity of levulose, 'however· added . to the desti1led 
water, or to the saccharose solution, causes the pollen tel burst. 

Of Antirrhinum ,spec. [Mazwmidia anti1'rhinifolia Hoit.Bog.] 
the 'pollen germiuates in water; a' solution of saccharose does' not 
impede the germination, so long as the degree of concentràtion does' 
not exceed 5 pCt. Addition of levulose pre vents the germination, the 

. pollen~grains, ho wever, do not burst.' '. 
The pollen of Pentas . carnea, of which the germination in water 

is doubtful (like that of Begonia go'rgocensis and Pavettamacro~ 
thY1·sa) germinates, on thc contral'y, with very fine tubes 'in pres!:lnce 
of levulose, whilst, ,lastly, the pollen. of Impaiiens Sultaniand Im· 
patiells latifolia, which germinate in water, are as' little prej~diced 
by Ievuloseas by saccharose and dextrose. " , ' 

It wiIl be remembered that STRASnURGER 1) has come to anöther 
conclusion. ' ' , 

Froin his observations, that pollen couIdoften 'come to gerinina~ 
tion on stigmas of pIants having no systematic affinity to the spe- . 
cim en which prödliced the pollen, and that the pollen-tubes offoreign 
pollen, could of ten penetrate through the canal of the st yle, , a Httle 
way into the ovary, STRASnURGER' thought himself justifiedin in
ferring that 110 preventives occurl'ed on the stigma againstthe ger~ 
mination of foreign pollen. 

He was therefore of opinion, ,that when a foreignpollen-· species 
does not gel'minate on a stigmathisshould not be considered as a 
favorable adaptation, but ,much more as an accidental phenomenon 
, I) :;l'l'ltASIII:I\GEll. Uebel' freuidartige BestäuulIl1g, llIlINOSIlEUI'S Jahl'b. Bu. XYII, 1886, 
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caused by this pollen being exposed on that stigma ta prejudicial 
. influences, or by its not 'fiilding there the conditions of nutrition 
requireq for tbe development of the pollen-tube. 

That foreign pollen-tubes get only ral'ely into theovary and still 
more rarely . bet ween . the' ovules, would further be related to tbe 
circumstance that th~ noxious influences to which they are exposed 
in the extraordinary surrol1nding accumulate more and more, and 
so tIieconditions become still more unfavoràble. 

Protecting contrivancesagainstforeign pollen would in consequence 
not exist,' and it was STRASBURGER'S opinion that they were supér
fluous beoause the investigation had ·taught him, . that the normal 
devclopment of the. plant's own pollen was not prevented by the 
presence of foreign pollen. .' 

The tubes of the own pollen grew unhindered among the foreign 
tubes' and arrived to" norm al function. 

It seems to me th~t STRASBURGER'S obse~vations are not sufficient 
to prove thatno protecting coritrivances are found against foreign pollen. 

Opposite to the fact that pollen of the most distinct botanicorigin 
can come into germination on a dete:rmined stigma, is the fact th at 
still a great many other species of pollen cannot be. stimulated into 
the formationof pollen-tubes on it at áll, and th is holds gooel even 
forpollen of plants which statid)n close, even in the very closest 
affinity to tbe stigma-bearing specimen. 

This lat ter fact, as it will appear· to me, ,points as clearly. to the . 
èxistence. of protective'means, as tbe reverse points tothe opposite . 

. Besides, when the tube of· foreign pollen together with' the own 
pollen, penetrates a little wayinto the' style-canal, but then ceases 
growing, while that of the plant's own pollen goes on and reaches 
the' ovule, this is not necessarily the consequence o~ anaccumulation 
of unfavorable influences. 

It is not impossible,and even not improbable, that the further 
growth of the pollen-tube and the penetrating into' the micropyle is 
bound.to special exigencies satisfied only for the 'plant's own., or for 
allied pollen. Those special exigencies for further growth may be 
obtained by adaptation . 

. I think that from STRASBURGER'S research no more must be deduced, 
than that not always preventive means are found on the stigma against 
fertilisation with foreign pollen. Doubtful it is, moreover, whether it is 
really relations of 'nutrition, which govern thegermination on the 
stigma and the penetrating' of the tubes into the style-canal. 

rrhe fact that many species of ponen require a determined degree 
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of concentration in a sugar solution in order to germinate, and cannot 
be brought to thc formation of the tube above and below that degree, 
points, as it seems to me, to quite other relations than those of 
nutrition, while the fact that number of pollen species form beautiful 
and long tubes in destilled water, proves that Ül any case not all 
species of pollen must find on the stigma a nutriment speciaUy fit 
for tbeir growth. 

There are number of facts which decidedly point out, that for some 
plants there exist really preventives on tbe stigma against fecundation 
with a particular kind of polle!}. STR.A.SBURGER calls them exceptions, 
but still they are so striking as to highly draw the !1ttention. 

So it is already known since DARWIN, th at the long-styled form of 
Linu1n gmndiflo1'um, a heterostyle-dimorph plant, is absolutely sterile 
when fertilised with the illegitimate pollen ofthe same species, and this 
is likewise the case with the illegetimate pollen of bath forms of L. 
perenne. Nobody doubts but the sterility of these both plants when 
fertilised with illegitimate pollen shoul~ be considered as an adaptation. 

With Linu1n grandiflorum the pollen-grains donot try at all on 
the stigma to form tubes. 

With Linu1n perenne they do, but the pollen-tubes do not reach 
the ovary, or at least are not able to fecundate the ovules. Would 
it not be allowed to conclude therefrom, that both species have the 
means to proteet them against illegitimate fecundation, that these 
means for Limtm gmndiflo1'um are already found on the stigma and 
for Linum perenne in the style-canal? 

The pollen of Oncidiu1n flexuosum, O. unico1'ne, O. pztbes and of 
some other 01'chideae 1) is not only unable to fertIlise its own flowel', 
but it bas even a poisonous effect on the stigma. Here again the 
preventive against self-fertilisation is found on the stigma. In 
Cm'ydalis cava, on the other hand, whose own pollen germinates 
very well on the stigma, but where tbe tubes do not reach the 
ovules, it is evidently found in the ovary, etc. 

If now in these cases tbere is nothing else to be thought of but 
a special con tri van ce, tben it might a priori also be expected that 
preventives should be found against fecundation with foreign pollen 
in general, and that they sbou1d be sougbt in tbe first place on the 
stigma, and if not found th ere, in the style. canal and the ovary. 
To this view I think to have given some support in the above 
communication. 

Batavia, May 1900. 

1) DARWIN, Vnriation etc, Chnpter XVII. 
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Physics. - Communicf1tion N°. 59a from tbe Pbysical Laboratory 
by Prof. H. KAMERLINGH ONNES: u Contributions to the know
ledge of VAN DER WAALS' lfJ-su1'face. r. Graphical treatment 
of the transverse-plait". 

(Rend June 30, 1900.) 

1. Arcording to VAN DER WAA.LS' theory it is possible by means 
of l:l sufficient number of weU selected observations with mixtures of 
two known normal substances, to determine the constants (a12 and b12 

of VAN DER WAALS), wbich allow us to construct the general equation 
of state for the mixtures of these substances and especially to predict 
the phenomena of condensation by If'"surfaces derived from tbat equa
tion of state. 

KUENEN, who among other things aimed at determining VAN DER 

WAALS' constants for mixtures of methyl chloride and carbon dioxide, 
bas mentioned already in his thesis for the doctorate that calcul~ 
ations had been made in order to construct the l/l-surfaces from tJle 
observatioDs for mixtures of these snbstances. 

I bnve carried ont and very nearly completed these calculations 
for tbe temperature at which KUENEN bas made his most important 
observatiolls, i. e. tbose on the retrograde condensatioll. 

For each of the values of the molecular proportion of 002 in his 
mixtures re = 0, re = VIJl' te = 1/2, :c = 3/4 , lIJ = 1 KUENEN gives tbe 
values of tbc constants RZ1 bZI fizI Ez = Taz in the eql1ation of state 

RzT 
p=-

v-bz 

(p = tbe pressure in atmospheres, v = the volume referrcd to tbe 
normal-volume, T= absolute temperature). 

By means of tbis I calculated the free enel gy for mixtures of tbe 
composition :l', 

IfJz == - J p du + R T ~.t'lOg lIJ + (1-re) log (l-a")~ , 

(to wbich 1) a temperature function linear in te can be added 2» for equal 

V 

1) In the drawings we ha.ve used forfo ilv:.F dv + 9.4383. 
rIJ 

~} VAN DEI' WAALS.- Théar. Ma}éa. p. ll. 
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molecular quantities and then represented them graphically (see P1. H, 
fig. 2); the abscissae represent lOû,ÛOûth parts of the_ theoretical 
nOl'mal volume, and the ordinates gi ve - l/lre in atmospheres 
X the theoretical normal volnme, so that these lines are projections 
on the Ill/l-plane of sections of the l/l-surfr..ce by planes Ir = 0, 
Il = 1/4,1 Il = 1/21 Il = 3/41 Il = 1. The x-coordinate is chosen perpendic
ular to the l/lv-plane as in the case of Y AN DER WAALS. For the 
mixtures Il = 3Js and Il = 5Js values of are, breI f3rel Rre were chosen as 
nearly as possible in agreement with those given by KUENEN and 
l/'-lines were calC'ulated 'with t}lese also. 

We then derived from these lines the projections on the te IJI-plane 
of the sections of the 1p-surface by planes v = const., which are 
represented in PI. lI, fig. land other auxiliary lines were drawn, 
which linea together with their projections on the Il v-plane, shown 
in fig. 3 and 4, will be considered in the following §§. 

In this way we succeeded in obtaining by means of the constants 
aal and bz derived from the observations a representation of the 
entire first plait in the case of KUENEN'S experiments. 

Originally however I expected to attain more in a graphical man
nel'. For the condensation phenomena can he easily followed in all 
their details w hen the binodal curve and ths direction of the tangent
chords are known (comp. following communication § 5), whereas the 
determination both of 1he binodal curve and the tangent-chords thern
selves from the equation of state by analytical processes is certainly 
exceedingly complicated even when it is feasible. 

I had hoped th at this problem of VAN DER WAALS' theory cou1<1 
be graphically solved nsing as a basis the graphical representation 
mentioned and that it would have enabled me to determine numerically 
all the phenomena of condensation from the know ledge of a smaH 
number of constants (VAN DER W AALS' a12 and b12, if necessary 
augmented by some empirical constants of cOl'rection) in the way 
mentioned in the beginning of this paper fol' any mixture af any 
tem peratu re. But this proved to involve great difficulties. 

2. The difficulties whlch hinder us from obtaining an exact numer
ical solution, proceed from the fact that Y AN DER WAALS' theo
retical equation of state both as originally given and as modified 
empirically by KUENEN according to CLAUSIUS, do not give with 
sufficient accuracy the real behaviour of tbe pure substances and 
the mixtures. 

We tried whether from isothermals, experimentally determined by 
KUENEN at higher temperatures combined witb RAMSA.Y'S simple 
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relation for the variation of the pressure with the temperature 
p = .A T + B, tbe isothel'mals i;n the unstable part eaald be extra~ 
polated. But this did not lead to a sati'5factory result. 

Therefore it is absolutely necessa.ry to use an equation of state 
in suffident agreement with the observations: ho wever empirical its 
form may be, in order to foretell from other observations on mixtures 
of two substances the pbenomena of condensation of mixtures of 
thase same substances under definite circumstances. 

In the eauation af state used bv KUENEN we have allo wed for . " 
tbc fact tbat all and a22 are temperature functions as has been also 
assumed by VAN DER WAALS far other developments. Tbe identity 
uaed by KUENEN Toz = Ez wbere Kz = Kll,c2 + 2K12 te (1-.1') + K22 

(I_:c)2 causes tbe replacement of a12, which probably is also a 
temperature funetion, by the less variable Kl2' but this K l2 cannot, 
any more than al2 be determined with sufficient accuracy from the 
observations. 

Às for the empirical correction by means of CL AUSIUS' /3, we 
cannot accept th at this would lead us to lbe calculation of the pres
Bure of tbe mixtures with a definite composition, volume and tempera
ture, at any rate not ta the calculatian of tbe pressm"e in conditious 
snch as that of the co-existing phases, with an accuracy within the 
Jimits of the errors of observation. For it is onlv within a limited 

v 

range that this empirical correction holdE. in the case of a simple 
snbstance. Much more is to be expected in this Ilirection from the 
rational method for the determination of empirical corrections of 
VAN DER W A.A.LS' a and b, follawed by REINGANUlII in his thesis 
for the doctorate 1). 

In order ta obtain, regardless of any equation of state, empirically 
true representations of observed isathermaIs, I have tried to represent 
tllese accurately by means of a series within the Iimits ofthe errors 
of observaiion. The investigation relating to this, has been progress
ing, so that I hape to be soon able to goi ve a C'ommunication 
on this subject. The fallowing ho wever has been worked out in~ 
dependently of the resuIts obtainecl thereby. 

Even if one has at one's disposaI a sufficiently accurate series or 
otber empirical representation for one simple DOl'mal substance, from 
which IDight be calculated that for a second simiIar substance 2) \ 
(i. e. belonging t() the same class of substances) according to VAN DER 

WAALS' law of corresponding states by IDeans of two constant relations 
(for instance that of the critical pressures alld that of the critical 

1) M. REINGANUM, Theorie u. Aufstell. einer Zustnndsgleichung. Diss. Gottingen 1899. 
2) KAMERLIl"GII Ol/NES, Verb. Kon. A. v. W. Amsterdam 1881, p. 11. 

19 
Proceedings Royal Acad Amsterdam. Vol. 111. 
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temperatures) even then the question remains how far the homogeneous 
mixtures of two similar normal sub'3tances satisfy the law of 
eorresponding states. At present it is doubtful whether this is the case 
in the same degree as for simple substances of the same group, as 
a mixture is generally not mechanically similar to a simple sub
stance 1). According to VAN DER WAALS' law however the homo
geneous mixtures satisfy his law of correspondillg states. Therefore 
we may eaU tbis theory, the theory of the ideal mixture. Accol'ding 
to that thcory we ean calculate the isothermal for each mixture 
from that of a simple standar_d substance by means of 2 constant 
relations, e.g. thosc of the critical temperatures '1 xk and critical pres
sures Pxk of mixtures of the composition IV, provided they are homo
geneousi or expressed differently: the IJl-curve can be ohtained from 
that of the simple sub stance by linear magnification in two duee
tions 2). As a given I/I-surface corresponds to a gi ven T, the l/J,x

lines appearing on it (given by 

I/Iz = - JPdV + ET ~ x lOf! x + (I-oT) lOf! (I-x) ~ 

I/Ix l/1z f P dv T ~ I C =-Tj =- -0 +-, mlof!IV+(l-.v)log(l-x)( 
pz Vk 1l kx Pk Vk 'hx } 

-qr,x = R~:x = - ~J:n; dCi} + 7::e 1 x log re + (1 - .1') lOf] (1 - :c)! ' 

where n and (cJ are the reduced pressure and the redueed volume, 
1Jf,x the reduced I/Iz aod G a constant identical for all substances of 
the same group 3»), can be derived from thc l/I-curves for a simple 
similar substance, but they relate to the reduced tempelatures 

T ,.. __ 4) 
~:e - • 

TxTr. 
In how far mixtures of normal substances deviate from this ideal 

case has not yet been investigated, to solve this problem it will 

1) Comp. ibid. p. 24. 

2) Comp. ibid. p. 23. 

S) Comp ibid. § 4. 
4) 'J.'he conditiolls for th.ermodynnmical similarity have been given by me in ComIll. 

no. 23. ZlItmgsverslag 25 Jon. '96. Only wh en these conditiolls are satisJied, the 
temperatme functi.on WhlCh is hnear in al will vary in n corresponding manner for tbe 
difterent temperatures. 
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be necessary to make observations, not less extensive than those 
by ÀMAGAT for simple substallces. 

If we accept that the mixtures obey the law of corresponding 
states, we must yet consider how far we may express the critical 
temperatures, pressures (and volumes) for sueh mixtures by means 
of two constants a12 and b12 by the equations 

T _ C all {lJ2 + 2 a]2 {IJ (1 - ao) + a22 (1 - {IJ)2 

rek - 1 bll 3)2 + 2 b12 {IJ (1 - .v) + b22 t1 - .1')2 

C, all.v2 + 2 a]2 a; (1 - {IJ) + a22 (1 - ao)2 

Pirk = 2 {bllx2 + 2 b12 {IJ (1 - {IJ) + b22 (1 - a"2W~ 

Virk = Cs! bn ao2 + 2 b12 aJ (1 - x) + b'!,2 (1 - $)21 

in which Cl, C2 a~d Cs are the same constants for all su bstances, 
or whether more complex functions of ::c are required therefor. 

For the treatment of these two last problems in the case of 
KUENEN'S experiments I refer to a joint communication by Dr. M. 
REINGANUM and myself 1). 

With reference to KUENEN'S experiments, it may be mentioned that 
a new redudion of the combined ohservations (by means of graphical 
representations and by series) is being worked out, from which we 
can deduce more satisfactorily than is now possible wh at degree of 
accuracy is attained in these experiments. 

3. Now I return to thc treatment of the problem to be Bolved. 
I have made use for this purpose of two methods, and have 

sometimes completed the reslllts of the one with those of the other method. 
In the fi.rst place, from the drawings mentioned in § 1, other 

graphical representations are deduced by means of constructions, which 
lead to the solution of the problem in hand, (comp. for instance 
§ 8); this will be called the gmphical method in a plane. In 
the second pI ace, a plaster cast of VAN DER WAALS' surface was 
made 2) in order to make constructions on it, for instance to 
determine the connoclal curve IJy rolling a glass-plate C'overed with 
lamp black over the plait. This wili be called the gmphical 
method by the model. With the first method, when the eqllation of 
state p = f (v, x, fP) has once been given, the accuracy can be 
raised indefinitely without ally material difficulties. The only thing 

1) Same Proceeding~, following paper. 
2) A diagrammatical model of the 1[1 surfoce hos been mode by VAN DER W HLS and 

IS replesented in Thé9r. Mol. p. 28. 

19* 
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necessary is to make new dl'awings on a largel' scale relating to those 
parts of the surface that are to be iu vestigated more in detail (com p. 59b). 

With the sRcond mothod the material difficulties increase, whether 
we desire to make casts of greater dimensions, or to add separate 
detailed casts on a larger sc ale as auxiliary figures to the original casts, 
as sa on as we wish ta attain a higher degree of accuracy (camp. 59b). 

This bacomes obvious wheu we see how little defined are the plaits by 
which the phenomena of condensation are determined, especially in 
the neighbourhood of the plait-point which strikes one immediately 
when one compares PI. I. _ 

For my Brst treatment of KUENEN'S experiments I used only the 
grapbical methad in a plane. But as the numerical treatment of 
the problem became more difficult, the value of the qualitative 
treatment increased . 

• 
.A.s soon as I could avail myself of the assistance of a modelIer, 

Mr. ZAALBERG- VAN ZELST, I had a plaster-cast of the 1p-surface made 
fram the graphical representation in plane. For this purpose moulds 
were used canstructed from curves calculated and drawn by me 
for 1px = j (11) and 1/1. = f(x) (camp. § 1). 

When the cast - 30 cm. long, 20 cm. wide and 40 (lID. high -
was ready, though able to give a distinct representatian of the 
plait, it appeared toa smaH far several constructions and so a new 
cast was made of twice these dimensions, based on the same draw~ 
ings. This larger pattern, even when hollowed, is rather heavy I 

(80 K.G.) but it proved to be highly satisfactory for several construc
tions. By rolling the glass plate over it, a fairly regular binodalline with 
the tangent-chords was obtained, and Ba the relative positions of 
the critical point of contact and of the plaitpoint could be demon-

dIJ' -
strated. For the construction of the curves - = p = const., the cur~ 

dv 
al/) 

ves of pressure, and - = const., the curves of substitution potential, 
d.c 

(obtained in the graphical representation in plane by drawing 
lines of contact), a hinged pair of bars with 
1ere1 and scale was used (see fig. 1), which is 
p1aced on the cast by means of two pins separ~ 
ated by one cm. The curves drawn on the cast 
can be easily projected by means of a system 
of curves v = const. and x = const. The tan~ 
gent-chords to the cast were represented by 
stift' wires. 

Fig. 1. The cast thus obtained was in the main the 



- 293 -

( 281 ) 

same as that repl'esented photographically on Plate 1. .A.mong other 
things fig. 5 Plate 1 \ in HARTMAN'S thesis for the doctorate was 
derived from it 1). Photographs of this surface were given by me 
to some colleagues at thr. Naturforscherversammlung at Dusseldorf 
(1898), also 1 presented a few persons interested in it with casts 
of the smaller pattern and of that part of the larger pattern which 
is near the plaitpoint. 

4. If at the time, the construction of a model to accurately represent 
the reality involved many difficulties resuJting from the complications 
mentioned in § 2, it appeared to me, as the number of the applic
ations of V.A.N DER W.A.A.LS' tbeory increased, to become more and more 
desirabie to know in detail the properties of the plait obtained, especi
ally in the neighbourhood of the plaitpoint, and to render the gra
phical construction of the connodal line, the tangent-chords alld 
the conpensation phenomena now more useful rather for explaining 
this theory than for calculating' the numerical results of the observations 
from V..lN DER W A..A.LS' theory. For it is obvious that a true know
ledge of the behaviour of idea! mixtures is an indispensable guide 
in experimental researches of rea I mixtures. And the difference will 
not be so very important if we all ow the lJI·curves in this illustratiou 
to deviate as they approach tho side of the small volumes, provided 
that this is done in a corresponding manner. I resolved therefore to 
modify the cast in order to make it suit tbe desired purpose. 

For this care must be taken, that at any rate tbe lJI-curves assumen 
for the simple substances strictly satisfy the law of correspónding 
states. But on the other hand, tbe desire to ill ustrate V A.N\ DER 

W A..A.LS' theory for a case, which agrees as well as possible 
with actual measurements - in this oase KUENEN'S - remained 
justified. Therefore it seemed to me desirabie to apply the empirical 
correction, obtained by including CLA.USIUS' (3:& into the equation of 
state, which also analytically only slightly changes most of the deve
lopments of VA.N DER W A.A.LS. Here the (3:& mustsatisfy the condition 

th (iz 
at - = n for all mixtures bas the same value as for the two mixed 

bz 

substances. 
For a givep. lJI-surface, it is of no moment that we put Taz = Kz, 

yet this supposition has been included in v A.N DER W.A.A.LS' equa
tion of state in order to link the latter to the observed isot.hermals 

1) CH. M. A. HA"RTMAN, Metingen omtrent de dwarsplooi op het !/i-vlak van VAN 

DER WAALS bij mengsels van chloormethyl en koolzuur. Dias. Leideu 1899, 
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for other temperatures a.nd to bet ter deduce the critical temperatures 
and tbe critical pressures of the homogeneous mixtures Txk' pxk. 

(The two above mentioned empirical corrections used by CLAU~ 
SIUS were rhiefly employed to obtain a better agreement with the 
density and tbe tension of the saturated vapour. And so it is 
obviously useful to apply them where we have especially in view 
the phenomena of condensation.) 

For KJ: and Vz we kept to the (ideal) form of the second degree 
in :r of VAN DER WAALS. 

For these reasons we chose as the equation of state 

RT Kx 
p = v-bx - 'l'(v + (3)2 

Kz = Kn x2 + 2 Kl2 :r (I-a:) + K22 (1-x)2 
bz = bn :r2 + 2 b12 :r (I-a:) + b22 (1-:r)2 

(3 = nb 

v expressed in terms of tbe theoretical normal volume. 
The rensons for choosing the new values for an! a22! a12! bn; b12! b22 

and for n = ~, are explained in a combined communication with 

Dr. REINGANUM, who to my great satisfaetion I faund ready to 
undertake together with me the accurate graphical in vestigation of 
that part of the surface near the plait~point which on fig. 3, PI. II 
is shown by the small rectangle. The original cast was modified 
in connection with tbat combined investigation until it agl'eed with 
tbe new data. I owe thanks for tbe valuable assistance of Dr. 
REJNGANUM in this and in the following constructions. 

5. Plate 1 shows a photographical reproductioD of the cast ob~ 
tained in this way, taken from the side corresponding to the methyl~ 
chloride. ~rhe lfI~curve of pure methylcbloride stands out clearly hy 
the shadow and has moreover been dotted. The depth in the plait 
is revealed by the shadow cast by the tangent-chords. Tbe rep re
sentation of the casts did not appear to be so much improved by 
stereoscopie photogTaphs, that it outweighed the greater complication 
of the process. 

Fig. 1, 2 and 3 of PI. II are the above mentioned projections on the 
lf'X IfIv, and :rv plan es of curves drawn on the I/J-surface. 1) In fig. 1 

1) Jn order not to render the drnwings indistinet we have not drnwn a rechmgulnr 
system of equidi&tant lines a thing whieh can ensily be done by every one who wants to 
make numerical lendings on the drawings. 
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(projection on the xlf'-plane) the projections of the substitution potential 

curves, or more simply the substitution curves, (:: = const. ) have 

been dotted. In fig. 3 (projection on the .rv·plane) the pressure curves 

( - ~: =p = const.), are drawn, and the substitution curves are doited. 

In fig. 4 the substitution curves are dotted and the curves for whicb 

'I' + dl/l. (1-11') _dlfJ v = #2 = const., the potential curves of the second 
dx dv 

component, are lined. Àccording to VANfDER WAALS' theory (Théor; 
Moléc.) these three curves are sufficient for the determination of the 
co-existing phases. 

How the substitution- and tbe pressure-curves have been obtained 
is mentioned in § 3._ The graphical determination on the cast was 
tested with that on the plane. 

6. First must be mentioned briefly how the potential curves are 
determined, both by construction on the plane and on the 
cast. In the first case I started from the figures 1 and 2, PI. II, 
which give the sectioDs of the 1p-8urface by planes containing 
the line v=O, x=l,OOO (the lfJ-axis on the side ofthe methylchloride). 
If in fig. 2 we rotate 1) the xv-plane with the lines .T = con.st. = 
A, .v = B etc., (the projectioTIs of the lfJz-curves) dmwn on it, round 
the v-axis on the lfJv plane, the plane of the figure ; the sections a, b etc. 
of the planes just mentioned, containing the line x= 1,000, v=O, 
by the xv-plane, rotate inio the plane of the figure and appear as 
radii (starting) from the point al = 1.000, v = 0, whose points of intersec
tion aA, aB with tbe rotated lines 11' = A, II'=B etc. give the value of v for 
the point of intersection aA, aB, etc. of the plane a with the curves 
1JIÄ, 1pB etc. The line drawn in Pl. II fig. 2 through the point 
of intersection perpendicularly to the v-axis detel'mines through the 
intersection aA with the If'Ä -curve the value of the perpendicular height 
above tbe v-axis, for the point aA' in the rotated figure; ",hile the 
value of v for this point in the rotated figure is found by rotating the 
radius drawn from x = 1,000 v = 0 to Aa on the v-axis. Tbe points aA', 
aB' etc. combined give the rotated oblique section a'. From one 
point #2 on the lfJ-axis (line IV =1,000, v = 0 for the lfJ-surface, 
v:::: 0 for the plane fig. 2) tangents are drawn to 
these rotated oblique sections a', b', whose points of contact 

1) The drnwÎllg witli these cOllstructions can be omitted as it is somewhnt comillicnted. 
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pa', f1b', (-Ic' are points of contact of a plane drawn through the 
point ,U2, with the lJI-~urface, which points of contact (-lal f1b' etc. 
are rotated on tbe plane of drawing round the line i = 1,000, 
v = O. The co-ol'dinate l.{J(La' of Pa' in tbe drawing is also the co
ordinate l.{J(La, of the point of contact in the section with the plane 
a, returned into its previous position, while the abscissa V(La, measured 
aJong tbe radius a gives the place of the pIOjection on the a'v-plane 
of the point of contact Pa The point" pb. Pb .•• are therefore com
bined bya smooth lina mto a potentiaI curve for the value P2' The diffe
rent curves, obtained hy repeating the last constructÏons with several 
values of fl, give the systpm of-potential curves in the .xv-plane, fig. 
4, PI. Ir when the v-axis of fig. 2 is again considered as v-axis 
and the lP-axis of fig. 2 as a'-axis. 

The construction by means of the model is immediately derived from 
this. We ubed a pair of sliding compasses witb points, long enough 
to continue the cnllstruction also within the p1aIt. One of tbe 
points has the ordinary form, and is placed on the top of a rod 

which is movable in the lme 
:1'= 1,000 v=O and terminating at 
the height p. Tbs other movable 
point is fork-shaped (see fig. 2) 
of which the twa prongs one cm. 
apart are situated in a straight 

FIg. 2. lme with the fixed point. When, 
during the sliding of the fark, we try where the two teeth rest 
on the cast, we find the pluce where a line of contact to tbe sur
face, goes through the point p. In order to obtain the projection 
of the potential curve found on the cast, we use again the system 
formed by tho curves v = const. a' = const. on the Ip-surface. 

7. Tbe figures drawn seem to me weIl adapted for giving us a 
very clear representation of the thermodynamical proper ties of the 
mixtures according to VAN DER WAALS' theory. 

Many peculiarities are to be observed in the course of the different 
lines. I shall drawattention to only a few. The limiting-forms of 
the pressure-curves are for very large volumes straight lines across 
the surface, parallel to tbe .r-axis; with small volumes the curve 
tends agam to become rectilinear, but in that case its general 
dirf?ction is at some small angle witb regard to the x~axiB. This 
follows immediately from the theory. The point of inflection of the 
prestmre-curves through the plaitpoint is situated, reckoned from the 
liquid-side, fm th er than thc plaitpoint (this pl'operty was formerly 
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communicated orally to me by VAN DI~R WAALS). Through both 
the ends of a tangent-chord pass the same curves of pressure, of 
substitution and of potential (a thing which we can see for our
sel veE> by 1aying the tracing of one figure on the other). Through 
these points pass a1so the potential lines for the first component. 
These are the chief conditions ad vaneed by VAN DER WAALS. 

The curve of pressure toucheE> the tangent-chord in the critical 
point of contact. This has been pointed out by HARTMAN (Comm. 
N°. 56). 

The points of intersection of the theoretical and the experimental 
isothermals are sItuated almost in a straIght line going through the 
crltical point of contact. The point of inflection of the pressure 
curves in the unstable part is situated also in a line deviating but 
slightly from a straight lino towards the slde of the small vol
umes; the critical point of lhe homogeneous mixture lies also 
towards the side of the smal! volumes, with regard to the point of 
intersection with the experimental isotherrnal. (Comp. HARTMAN, 

footnote Comm. N°. 56). 
The substitution curves run parallel to the v-axis for large vol

umes. For smaller volumes they begm to iucline towards the plait, 
this incll!lation lncreases as thoy re,teh farthel' down into the p1ait, 
it attains a maximum and decreases again in the direction of the 
smaller values of x. The lowest point of the bend is outside the 
plait. 

'rhe substitution-cnrve of the plaitpoint envelops the connodalline, 
according to properties found by KORT EWEG, and shows a point of 
inflection that corneA within the plait from the side of the smaller 
volumes. The substitution line'3 interseet the pressure curves within the 
connodal line. The divergence of their general dJrection in the plait 
agrees best with that of the tangent-chords. 

The genera] direction of the potential lines for larger volumes lies 
obliquely over the I/l-surface from the side of the smaller volumes and 
smaller composition-ratios towards the side of the larger volumes and 
larger rati08. Towards the plait they show a bend, which is more 
acute than that of the substitution-line and on entering further into 
the plait these increase ra.pidly in acuteness, so that they, like the 
pressure curves project beyond the limits of the surface. The lowest 
point of the bend lies within the plait. The greatest convexity 
towards the plaitpoint of the aubstitution lines flnd of the potential 
linea coming from the side of the large volumes within the plait is 
situated together with the greatest concavity of the pressure-curves 
on that side more or less on the axis of the parobola by which 
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the projection of the connodal-line is approximately represented (in 
other respects it is better represented by a hyperbola). 

8. The determination of the co·('xisting phases by graphical 
solution in the plane surface. Attention has been drawn to the 
difficulties, attending the precise graphical solutions by means of 
the plaster-cast. These are very great when we want to determine 
the connodal-line by means of rolling a lampblacked glass plate over the 
cast, which method is in other respects the mOot direct expression 
of VAN DER WAALS' solution of rhe problem. Hardly perceptible 
deviations of the surface have a great infiuence on the shape of 
this curve. Therefore it is desirabIe to be able to determine the 
connodal-line and also the tangent-chords by a construction for 
which we only need to make drawings on a plane 1). The 
graphical representatians discussed jn the farmer sections offer a 
means far this. For if we return ta the condition advanced-by 
VAN DER W liLS for the co-existence of two phases,_namely 

where ' refers to one phase and " ta the 
knaw the co-existing phases as those, in 

dl./l dl./l 
as a function of - and - for tho same 

d.c dv 

twice has the same value. 

other, then we gat to 
which P2 considered 

dl./l and dl./l value of 
dv da; 

If now we trace the course of a curve fl2=const. in the curvllinear 
system of the pressure- and the substitution-Imes in the xv projec
tion, and if we transform this system of curves into one which is 
rectilinear and rectangular and Oll which along the axis of ordinates 

a suitable function of dl./l is measured, and along the axis of 
da; 

abscissae a suitable function of dl./l, the !-l-line by this process will 
dv 

become a loop-shaped figure, of which the double-point is at tbe 

values of dtp and d!fJ I which correspond to the composition and the 
dv da; 

volume of the co-existing phases. 

1) RIECKE, Ueber dIe Zustondsgleichung von CLA.USIUS. WIed. Ann. 54, p. 739, 
treats the co·existing phllses of !l. simple substonce graphicnlly) Comp. also H. K. O. 
Verh. Kon. Akad. v. Wet. XXII, p. 13, 1881). and mentIons p. 744 that by menns 
of the thermo-dynamical potential thlS could be done in a sImIlor woy for mix.tures. 
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For the representation of Ps as ordinate we have chosen in fig. 3 
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sueh a function of dl/J,8 = f(dl/J) that the substitution-lines, belong-
dJ; dr: 

ing to regularly increasing values of this 8 for large volumes, run 
at equal distanees in the xL-plane. For simplicity's bake we bave 
in order to determine 8 in this way not taken an infinitely large 
volume, for whieh we should bave 

I dlfJ 
/iTdii' 

1 dlJl 

1 + eRTdZ 

but the volume at the end of the drawing (0,034) fig. 3, PI. I; 
where the value can be read directly. It does not deviate much 

from that for an infinitely large volume. Às function of dlfJ we 
du 

migbt cho08e w = (dIP)-l= ~ so that for large volumes the 
du p 

pressure curves belonging to regularly incrcasing values of 
this w run at equal distances. But in order to be able to read 
the value irnmediately on the drawing fig. 3, PI. lI, we have 
chosen thA.t function of P, which for :IJ = 0 becomes equal to v. 
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The sbape of tbe closed loops in the annexed fig. 3, obtained in 
this way, still shows smaH irregularÜies, whièh are owing to in
accuracies in the construction. However I thought the figure of 
sufficient importance io give it here even in its imperfect state. 
Part of the Joop-shaped figure for small proportions of the most 
vola,tile substanèe is i,n this case cut oft' by the curve 8 = O. The 
line which connects the double points and therefore determines the 
pressure for co-existing phases as a function of the substitution 

Potential d
tfJ

, is in this figure a straight line. As the substitution 
d~ ~ -

and the pressure-curves belonging to reg-ular increasing values of 
wand 8 in the aov-plane for large volumes, form a nearly regular 
rectangular system, the connodal line in the :/'v.plane wiIJ also be 
a straight line for large values of the volumes. In connection· with 
tbis result I may rem ark tbat aecording to an oral communieatiori to 
me VAN DER WAALS has derived from his tbeory, that the 
connodal linè for the plait into whieh thc one investigated here 
passes at 9°,5 the temperature at whieh HARTMAN made his experi
ments, would be almost a straight line on the side of tlie large 
volumes, which is subst:mtially verified by tho,se experiments. 

This appears from fig. 4 drawn by D!. HARTMAN, in which the 
projectiolls of the connodal line with the tangent-chords are repre
sented for 9°.5. In order to make a comparison the plait o~ the 
model (al most that of KUNNEN) has been added on the same scale 
as the drawing. 

Fig. 4. 
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Physics. - Oommunication N°. 59 b from the Physical Laboratory 
at Leiden, by Prof. H. KAMERLINGH O.NNES and Dr. M. 
REING ANUM : "Oontributions to the knowledge of VAN DER 

WAALS' I/J-surface". Ir. "The pa1·t of the transverse plait 
in the neighbourhood of the plaitpoint in KmJNEN'S experi
ments on retrograde condensation" . 

(Rend June 30, 1900.) 

1. The most important part of a transverse plait in VAN DER W AAis' 

l/1-surface is no doubt that in the neighbourhood of. the plaitpoint. 
For investigations of this part ho wever a higher degree of accuracy 
is required than was sufficient for the construction of the model 
of the whole plait and of the constructions belonging to it, described 
in Oommunication N°. 59a• 

In the following pa,ges we represent' the part of the surface shown 
by a rectangle in figs. 3 and 4 of PI. lI, which representation is 
based on more accurate calculations of p (to 5 decimals) made for' 
values of {IJ and v in a smaller range by means of the same equa
tion of state, from which we started for the construction of the , . 
general model. Thc principles on which the choice of this equation of 
state was based for the following illustratioll of VAN DER W.HLS' 

theory have been laid down in, § 4 of Oomm. N°. 59a j in the 
present paper we will consider the manner in which the constants 
occurring in that equation have been obtaincd, and in how far by 
this choice of constants the accepted equation of state can be made to 
harmonize with KUENEN'S obsel'vations. As explained in § 2 Oom
munication N°: 59a two questions are specially prominent: lat. in 
how far do the mixtures investigated by KUENEN agree with the 
law of corresponding states and 2nd• in how far can the critical 
constants of the homogeneous D?ixtures be represented by VAN DER 

WAALS' formulae of the second degree. 

2. To obt~in an opinion on this we cannot directly apply to 
KUENEN'S observations the ordinary method of calculating the redm'ed 
values of the pressure, tbe volume and tbe temperature by means 
of the critical quantities. For the critjcal tempel'ature of the bOffio
geneous mixture (point J( in fig. 3, PI. IV) is situated accordiDg 
to VAN DER WAALS' theory in tbe u nstable part and has therefore 
not been observed. , 

Neither are we assisted even to a moderate extent by 
RAVEAU'S method of 'measuring off the logarithms of the pressure 
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and the volumes as ordinates alld abscissae and by then shifting 
the systems of isothermals of the two sllbstances parallel to themsel yes 
until they cover one another. rrhis is chiefly to be ascribed to 
the smallness of the range over which each of the isothermals 
extends. Those parts of the isothermals that can be drawn, show 
no striking curvatures and run almost parallel. Rence there is too 
much latitude in the adjl1stmellt, so that it is not possible -to deter~ 
mine sharply enough the ex:act position in which the one system 
coincides with the other. 

Therefol'e we can only very roughly consider the ratio of the 
absolute temperatures of two isothermaJs co vering each other in the 
way mentioned, as being the ratio of the critical temperatures be· 
longing to them; the same holds for the pressure and the ~ volume. 

It is obvious that we may use instead of the pressure itself, 
the product pv, which is moreover of so much importance for 
the investigation of the isothermals, draw for one tempera
tare log pv as a function of log v and determine by shifting the 

h h d . 'Plel Vlel curve log pv = f (log v) on t e one an the ratlOs - (or what 
Ple2vle2 

P"I VleI comes to the same -;;;--) and on the other hand log -. As this 
~le2 Vle2 

still implies shifting the system in the direction of both the axes 
of co.ordinates, it also still offers too great a latitude. 

We may do without the displacement in the direction of one of the 

axes, when we measure offnot log pv but R
Pv 

, which has the same value 
~ '], 

or molecular quantities in corresponding stateR. For large volumes 
this quantity has the vcllue 1, for the critical state about 0.29. 

In applying this method it appeared that it was not poseible to 

completely cover the system of ~~ curves of the one substance 

by those of the other. Irregular deviations did show theDlselves, 
which may probably to a large ex tent be ascribed to errors of obser~ 
vation. The re sult was that a certalTl latitude still remained in the 
adjustroents and the limits were sought within which the coincidence 
might be called satisfactory. 

The ratio of the critical volumes follows immediately from the 
curves of log v covering each other, which ratio could then only be 
included within the limits j llst mentioned. 

The ratio of the critical temperatures is given hy the temperature 

to which two pv curves belong, covering each other l so that this 
RT 
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also ean only be included within limits, while the same holds for 
the criticaJ pressures, obtained by means of CPlcVTc = Tk• FOT C we 
took tbe value found by AMAG.A.T for carbon dioxide. 

The following table gives the results of these processes starting 
from Pk2 = 72.9, Vlc2 = 0,00426, Tlc2 = 304.35 for carbon dioxide. 

Proportion of rkx Pkz. 
rh. Tb Ph:. 

CH.Ol. mean mean. 

-
I o 00668 413 63.2 

:/,:::: 10 to 0.00698 to 416 to 
o 00728 419 57.8 

6q3 382 mean value 
:1.' :::: 0.75 to 610 to 886 5 

588 391 64 7 

654 337 5 mean value 
:ç = 0.50 to 665 to 339 

675 340 52.2 

501 
IC :::: 0.25 to 531 

I 
mde.6nite lllde.6nite 

562 

For the critica1 temperature of pure methylchloride we find the 
same value as found experimentally by KUENEN (416.0). The mean 
value of the critical pressure (60.5) however deviates much (7,5 pCt.) 
from the value found by KUENEN (64:.98). The highest value is in 
better agreement (3 pCt.) 

We will naturally next consider how the critical temperatul'es ot 
the homogeneous mixtures Tzlc found by us, are situated with respect 
to the critical point of contact temperutures T:rR. found by KUENEN. 

This may be seen from the following tabIe: 
Mixture. 
:c=%, 
IV = 1/2 

X = 1/4 

:rE 
396 
370.1 
338.4 

:r" 
3865 
339 
ind('finite 

Jn good agreement with the theory, the valups of Tlc are found to 
be lower than those of TR., and one would be inclined to H11 in for 
I/' = 1/4, Rymmetricnlly with .r = %, Tic = 328. Yet the difference of 
~n 0 found for Ir = 1/rl. gi yes rise to some objections agalllst puttilIg 
great tI ust in the determinatiolls. If we also bear in mind the irre
gular deviations, remaining between the two systems covering each 
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other, which leaves undecided wh ether the mixtures deviate from 
the law of corresponding std.tes more than the simple substances, and 
also tbe large deviatioDs found in determining the pressnre of methyl
chloride, much uncertainty remains about the critical value hself. 

Therefore it i'l desirabie to try to deduce in a different way some
thing about the crltical temperatures and the pressures of the homo
geneous mixtures from the whole of the observations fol' each mix
ture. We find a means for this in the equations given by KUENEN 

which express as weIl as possible the whole of the observations for 
each mixture, which equations we at first did not thillk it advisable 
to use in order that we sbould -be as little biassed as possihle in form
ing an opID1On from the observations themselves about the problems 
In band. But it is not to be expecteu that we can satisfactorily 
determine the erHical quantities, firstly because KUENEN has not 
taken for all his mixtures the same temperature function for a, se
coudly as states situated far from the critical point, which have 
influenced the determina.tion of the equations, can give rise to el'rOl'R 
by the extrapolation with the defective eguatlOlls of state. 

However it may be considered as a confi! mation of OUI' conclusions 
from the adjustments when the former can a)so be derived from 
these equations. 

With regard in the first place to the fulfillment of the law of 
corresponding states, we might conclude from the disagreement of 

h t· (3a:. b K t e ra 10 1Ia: = - glven y UENEN, 
bit 

3J = 1 nl = 1,40 
al = 314 na/4= 1,26 
3J = %, nd2= 1,66 
IC = 1/4 n'/4= 1,38 
al = 0 720 = 1,09 

that the mixtures investigated do not fulfill the law of corresponding 
statE'S 1). The value of this cODclusioD beCOU1E'S smaller, when we 
consider that KUENEN bas accepted bIt somewhat al bitrarily. Bath 
this and the choice of different tempel'ature funetions for a must 
infiuence the valuE's found for Ij, aDd aIthough we may allow that 
the variation of the values of n indieates a peculiarity in the closely 
related quantities h aDd li, they can only SUppOlt the conclusion 
but weakly, that the mixtures would satisfy the law of correspondmg 
states to a smaller degree than the simple substances. 

1} Tbnt n must have the same vlIlue for all substnnces that fulfiJl the law of corre
sponding states, has been demonstrat('d by KAMERLINGJI ON NES, Verh. Kon. Akad. 
v. Wet. XXI, 1881, p. 20; A1Ch. Néerl. T. XXX, p. 112. 
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IJet us conaider now what follows from KUENEN'S equations for 
the critical volumes and temperatures. 

IC Y::k. PIt:: r Po::. 

1 0.00725 

8/4 606 402 (397.5) 396 

1/2 620 350 370.] 

1/4 489 338 (3325) 331.4 

0 435 304 

It is remarkable tbat (as follows from tbe values of n and tbe 
linear variation of b just mentioned and tbe relation Vk = 3 b + 2 /3) 
the critical volumes show the same course as tbat'found by means of 
tbe metbod of coincidence. From KUENEN'S combined experiments 
it would ben ce appear that for mixtures of metbylchloride and car~on 
dioxide the critical volumes cannot be expressed as a function of the 
second degree of tbe composition, ae. it is accepted by Y AN DER WAALS 

in his tbeory of ideal mixtures, but tbat at least a function of the 
third degree is required for it. 

In fig. 5 tbe curve of Vk is represented by a dot-dash-line when 
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resulting from the coincidence 
method, and by a dash-line 
when resulting from KUENEN'S 

equation, and by a complete 
line that of the idea} mix
ture to be considered in tbe 
next section. 

Concerning tbe critical 
temperatures, not mncb can 
be derived from KUENEN'S 

equations. For thc values 
between brackets in the table 
given above a has been cal-

culated by means of ~ , in 

whicb we have Daed for K 
the numbers given in brackets 
by KUENEN. Tbe temperature 
values witbout brackets in 
the same table have been 

20 
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calculated witb values of a obtained by interpolation between the 
values of a given by KUENEN separately for different temperatures. 

Only for the second mixture an acceptable value of TR - Tk is 
found, i. e. 20°, but it is obvious that tbis difference cannot be 
negative as witb 31= %, or zero as with a; = %. And so the values 
from KUENEN'S equations cannot be an argument either for or 
against tbe values found by means of tbe method of the coincident 
systems. 

Therefore for the time being no arguments other than those derived 
from the deviations of the critical volume mentioned above, can be 
adduced to justify the doubt of the possibility of expl'essing' the critical 
quantities of tbe homogeneous mixtures in the case of KUENEN'S 

experiments by tbe formulae given by VAN DER 'VAALS for the 
critica] quantities of homogeneous mIxtures, together with KUENEN'S, 

identity Taa: = Kl'. 

§ 3. In order to obtain for Kw K121 K221 bw b121 b22 in the equation 

RT 
p=-

v-bz 

Kz = Kll.r!.l + 2 KI2 a; (1-.11) + K22 (l-x)2 

b.z = bIl 312 + 2 bI2 oZ' (I-x) + b2dI-,r)2 

(p == pressure in atmospheres, v = volume expressed in terms of the 
theoretical normai volume, R=gasconstant, T=absolute temperature, 
31= molecular composition, while the value of 1.4610 was taken 
for n) values which agree as weIl as possible with KUENEN'S experi
ments, a curve af the second degme was drawn almost carresponding 
with the critica! volumes found f,'om the coincident systems, fr?m 
which bIl. b12 and b22 were faund. The convexity was chosen towards 
the .r-axis, because in that case a value for Kl2 could be found, for 
which Kx was abviously of the second degree. This is justified as 
the flna! equations represented KUENEN'S isothermals still within 2 pCt. 

Subsequently the observation of tbe critical temperature of the 
point of contact for the mixture x =1/2 was taken as a basis for thc 
calculation of the a's. 

Now that the difference '1':.R-Txk could not be deduced with any 
certainty from the observations, we had to confine ourselves to an 
estimatian of it. 

According' to tbe resuJts of the graphical determination of the 
connodal curve on a plaster cast constructed previously (see HART-
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MAN'S figure derived from H, Communication N°. 59a, § 3) the critical 
temperature of the homogeneous mixture is situated lower than tha 
plaitpoint temperature and although the place remains very uncertain, 
we thought ourselves justified in searching it at double the distance. 

For our purpose it seemed at any rate sufficient ~o subtract 7° 
from the temperature of the critical point of contact ior the com
position l/g. With TR,l;-7° = Tki , Tka and Tk1 wa could now 
calculate Kw KI2, K 22• 

When the plaster.cast of the part of the surface near the plait
point was rE'ady, it appeared that for the ideal mixture suppoBed 
TRj-TK; amounts to about 19° C. which deviatE's from the value 
first accepted in the sense of what had been derived from the obser
vations of the mixture 1/2 (i. e. 300 C. from the method of the 
coincident 8ystems, 20° C. from KUENEN'8 E'quations.) 

The following table gives the constants found and tha critical 
quantities derived from their combination. 

Kn = 6.276 bIl = 0.001193 

K 12 = 3.314 bI2 = 0.000893 

K 22 = 2.176 bS2 = 0.000780 

Tk3; Pb Vk3; 

3;=1 416 64.8 0.007065 

3;=%, 391 68.9 6249 

3; = 1/2 363 71.8 5568 

3; = 1/4 336 73.0 5022 

3;=0 303 72.2 4620 

Th I f 'Pk IJle. h ~ d b 1 Th .. e va ne 0 -T IS t us !onn to e = --. e vanatIon 
R Tc 3.33 

of Plc agrees with that of PR (see the usual pT diagram). 

§ 4. In the construction of the detailed plaster-cast it was impor
tant not only io profit by the opportunity of being able to choose 
a larger scale fol' 'IJ and ~ with almost uncbanged dimensions of 
the whole model, bnt also to make tbc curvatnre of the w-surface 

20* 
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néar tbe plaitpoint as weIl definèd ,as ,.:posl:lible and thus tomake 
the determination of the connodal curve and the tangentchords as 
accurate aspossible." A.s' now ,the surface near thé' plaitpóint is but' 
little removed {rom its plane of contact, an enlargement of l/I, by 
which the differences'/J" -:- '/J --:- '/Je, wbere '/Je is the value of ,l/Ifor 
points in the, tangent plane ~ying, at the same values~of ~ aDd ", . 
are elllarged in the same proportion, will ca1,lse the surfaceas a 
wbole to become much more inclined with regard to the xv~plaJle, 
which again would cause the model to have ,only limited diînensions 
in , 'the :r- and v-directions with the same dim en sion in the '/J"direct~. 
ion, in order to make the curvature more prominent. We !J.aveavoided 
this difficulty by constructing a model in which the, properly mag
nified values ,,/' of '/J - '/Je for':r, ,and of V as independent rectángular 
variables are measured perpendicularly to the ~v-plane; In this way 
tbe general 'oblique pósition of the surface with regard to the '/!:v
plane is eliminated, and lfJ.- '1,e. can be enlarged, as much as is 
allowed by the gr'eatest dimension whièh 'we wish to give to the 
model in the '/J co-ordinate, through which the, curvatures become 
prominent as desired. The plane of contact on this model if continued 
to v = 00 would become for al • '1/2 and' for v = (Xl a-plane sloping 
to the :rv-p1ane with the angnIar.;tangents a and bj whereas in the 
case of the '/J-surface it would be parallel to the :rv-plane. 

'/Je in '/J" = '/J - '/Je is a linear function of x andv. 'VAN DER 

WAALS has aIready dernonstrated that the addition of a linear functioll 
in x does not influence the, properties which are of importance in 
the thermo-dynamical consideration of the '/J-surface." This holds 
good also for a 'linear function' of v. 

Putting lil ~ lfJ + av + b:r we get 

d'/J' diJl 
do; = dx + b 

dIJ!' == di/J + Cl 
dx 'dv 

, , d'/J' dt/J' , d'/J dlfJ 
PI = iJl -v - - {IJ - = '/J - t' - - {IJ - = ,uI 

, '" dv do.;', du ,à,{lJ " 

, ; , ", dIPi dl/i ' d~' d'/J ' 
fi,J, = '/J -v d;; + (I-x) d:c == '/J - v du + (I-x) dw -:- fl2 ~b • 

diJl", ", 
For the shape o,fthe projection 'of' the' curves -, = const. ' 

d{IJ 
dlJl" . - = conet. !ll -.:. cODet;!l2 , const. 'on the {lJv-surface it is· of DO 
dv 
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Mnsequenae wbether each, is increased by a constant quantity"for 
in the: case of, #1 there is not even difference between the two 
vaJlles of the.-, quantities 1'1 and, pI'; , 

The-values of I/J'~ used for the construction of the model and 
the dra~i~gs' are determined, in connection with the absolute vàlu~s 
of iJl. uS,ed' in. the general model of the whole plait (comp. Commu
nicatiop' 59a) by, meansof the follow:ing equations. 

";pH ~' _ 81'786 ,,; _ 0,25 v + 48000 re"'-- 164780 

.' ': ' v, , " ,', . 

-wJ:P dv- R T (rel{J.re + ~1-:c) Zg 1-:c) +9.4383 .. 
. ", a:), I • 'J.. " 

.,' , 

§ 5;,Plate IU is a. photographic repres~ntation of the detailed 
model on which 'the connodal Ene and the tangent chorda are shown, 
the depth of the plait ia-,madeelear by the shadow of the tangent 
lines: Fig. 1 and2, Pt IV shows thesections l/J"z =/(11) and 

, , " ' ", ,':' : .' , '" ' " dIP" , 
1JI"x 'f (Ir.). PI. IV ,fig.: 3 shows the pressure-curves, -" = ronst. 

" " .' dv , " ,,' " 'a ", , ' -
and thesubstitution':'curves ,~ = const., fig. 4 represents the pressure 

cu~ves .and 'th~' potential curves p/ = u) '" const. (all this on the . 

11 z-su~face).Jn~ ·the tW? last, figures::c is ordinat~ and '!T,in lon~OOth 
parts o(th~ 'theoreticaL normaI" volume, is abscissa. ", ' ' 

J n fig. '3 and 4 the connodal }jne bas been shown as a dot-dash 
IiDe, ,a s~fviow appro~imately indicates how,' grèat i~ the uncertainty 
ofthis line. Theexact plaee of P (the plaitpoint) on the connodalline is 
stilf-fairIy uncertain. A.' detailedinvestigation like the foregoing would' 
again be ~equirèd with rega~d to a limited part round, P. A similar 
investigation, ,of. the two partsl'ound the two points' of contact of a ' 
tangent-chord' 'will give, us greater certainty as to the exact sitU!t
tion of' that tangent chord. 'Sa ,the point .R, (the ,critical point of" 
contact) ean, also still be betterfixed. , " . . ' .,' " .. ' 

It may be:assumed that we have nearly obtained the difference 
XTI~~XTK of the compósition ratioi:! of critical point of contact and 
of the pJaitpoint at thetemperature T = 3730 C.. From this by' a 
better estimation more suitable values ean be derived for .the dif
ference TRI/

2
-TKI/2, from which we, started for the deduction of a12 

etc., through whieh' again values for a12 etc: eould be found, from 
which' "a bettor"agreoment'with 'KUENEN'sexperiments' near the 
plaitpoint is to be expected. 
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When we trace hy means of tJle. 
graphically found conpodäl-line, 
the condensation phenomena for 
a mixture with composition x 
between the plaitpoint composition 
XPT and tbe critical point of 
contact composition X.RT tbis 'Yill 
give us a representation of KUE

NEN'S observations at 1030 C. and 
tbe composition 0.41, wbich re-
presentation bowever wiH only 
be an approximation. Fig. 6 is 

\ obtained by reading on Fig. 4 
\ PI. IV for eacb a tbe rélation of 

\ S 
\ <;: +2G S ' the ratio to tbe whole 

\ ~)a 2a _ 

'\ tangent-cbord of tbe piece from 
~ 

o '--+--:-_-'-_____ ---l--..J the ül~ersection with the linc 
.roo 1000 which bas the composition x (for 

Fig. 6. 
which we ~ant to investigate tbe 

condensation pbenomena) to the contact on tbe vapour side 
- -- wbicb ratio gives the number of molecules in tbe liquid state

and by determining from tbis the liquid volume at the tangent
chord (t by multip1ication witb vz. lu tbe figure 1) tbe liquid volume 
has been measured as ordinate of the curve and the total volume 
as abscissa. 

The dottec1 line is KUENEN'S curve. The composition for whicb tbe 
construction bas been made bas been cbosen so, that the begin)ling 
and the end of the condensation are in the same ratio as in 
KUENEN'S observations. 

By reading the values of tbe pressure at tbc points of intersection 
of the tangent chords in fig. 4. PI. IV, we find that the pressure 
during tbe condensation varies almast linearly with the total volume. 
This is a180 very llearly the case in KUENEN'S experiments. Also 
the amount of the pressure is in fairly go ad 'agreement. While 
KUENEN found an increase of 73,5-83,8, we find from our figure 
one of 78,6-93,2. 

1) Compure nlso the figure for t116 retrogrnde condensl1tion in mixtures of cnrbon 
dioxide and llydrogen. VERSCHAFFELT, Comm. 45, fig. 2 on ihe plute (Proc. Acad. Amst. 
Dec. '98. 
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Physics. - Communication N0. 60 from the Physical Laboratory 
at Leiden, by Prof. H. KAMERLINGH ONNES and M. BOUDIN. 

"On the measurement of very low temperafur·es. IIl. eoefficient 
of pr'essure variation of pure hydrogen between 0° and 100°". 

(Rend June 30, 1900.) 

15. Very careful determinations of the coefficient of pressure 
variation of pure hydrogen, described by one of us (H. K.O.) 
in Communication N°. 27 § 8 (Communication to the meeting 
of June 1896 of whieh this paper is a continuation) have now been 
made with the large pattern (comp. N°. 27 § § 2 and 3) of the 
constant volume hydrogen thermometer for low temperatures. 

This determination comprises, [the bulb of the thermometer being 
placed in iee (l.c. § 7) or in steam (l.c. § 8)], measurements of the 
temperature in the different parts of the apparatus, and lastly 
measurements of the volume occupied by the gas. 

16. The measurement of the pl'essures. The pressure are deter
mined by the difference in height of the mercury menisci in the 
manometer (§ 2) augmented by the pressure which is exerted on 
the outer level of the manometer and which is indicated by a mer
cury barometer placed beside the apparatus 1) 2). The level of the 
top and the height of the meniscus are read for each of the menisci 
by a cathetometer. From the height we derive the correction for 
thc capillarity according to MENDELEJEFF'S table. Thc temperature 
of each of the mercury-columns is re ad on thermometers, placed 
symmetrically. Moreover we allow for the diffcrence in height between 
the top of the manometer column and the lower meniscus of the 
barometer. 

The man0IJ?eter-tube has been described in § § 2 and 3. The 
barometer the tube of which has a diameter of 14 m.m., has been 
previously boiled very carefully in vacuo and is protected by a 
drying tube. 

The transportable cathetometer, constructed by the Société Gené
voise is an exceedingly good instrument, arranged for differences in 
height up to 110 cm., alld provided with 3 telescopes 3) in order 

1) By dividing the mercury column which indicntes the pressure of the gas in two 
parts, we l\void the great difficulty which arises whenever we read great difrerences 
of level owing to the umnanageableness of the cathetometer rE'quired for tbis. 

2) 1!'or mensurements in wbich quick rending is more importnnt than bigh preci~ion, 
we use an aneroide as WIEBE nnd BbTTCHER did. Ztschr. f. lnstr. X. p. ~6. 1890. 

3) OUAPPt:IS on his stationary cathetometer has used 3 telescol)es in order to read 
:I menisci. l\1ém. Bureau Intern. 'I. Vr. p. 31. 
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( soa) 
to read the 4 menÎsci. For both accurate and quick reading it is 
of great advantage, not to be obliged to move the slides over the 
vertical column. Therefore the two lower (or upper) menisci are 
placed at about the same height and read with the lower (or upper) 
telescope; the two upper (or lower) menisci with the two other 
telesccpes 1). A difficulty arises whenever the difference of level 
to be measured would lie between about 1 and 10 c.m. - 1'hen we 
cannot adjust for the two levels either with one or with two tele
scopes, as the construction of the slides does not allow the telescopes 
to be brought to a smaller distance from each other than 10 c.m. 
The difficuIty might be solved by using a fourth telescope or another 
cathetometer with two telescopes. But in § 18 a method is described 
by which the difficulty can bé avoided, so that we have always 
been able to read the 4 menisci with one cathetometer and on]y 3 
telescopes without readjusting these. Each of the telescopes is provided 
with an micro~eter-eyepiece (screw-thread 0.25 m. m., and head 
divided into 100 parts). The micrometer screws have been tested 
on the exceedingly good apparatus for the measurement of photographic 
star-plates at the Leiden Observatory, constructed by REPSOLD according 
to H. G. YAN DE SANDE BAKHUYZEN's 2) indications, which appa
ratus had kindly been placed at our disposal. The progressive error 
remained except in one or two teeth (revolutions) below 2 micron. 
For one of these micrometer screws the formula for the periodic 
error was computed 3). This was fonnd to be rp (u) = 0.4025 COS. lt 

- 0.730 sin. u in divisions of the head, so that for repeated adjust
ments we may regard this as negligible. The collimation difference 
of the telescopes have been measured in pairs at long intervals by 
different observers, the telescope-slides having been removed jn the 
mean time from the cathetometer-tube and again replaced on it, 
while thc telescopes had been completely taken to pieces. Still it 
was found af ter reading on the verniers of the slides: 

I-U Dr. DIJKEN. • • • direct 50.26 m.m. 
1-11 BOUDIN • • • • " 50.27 

lIl-U " 3.12 J 
Ill-I " 53.38 ~ indirect 50.26 

lIl-U " 3.13 

1) In the very dillgrumn:utie figure 1, Pl. I, Oomm. 27, only two teleseopes lmve 
been drawn. 

2) H. G. v. D. SANDE BAKHUYZEN, Mesure des elichés d'nprès la méthode des 
coordonées rectnngulnires (Bulletin, Comité de In Co.rte du ciel, 3e fuse. 1889.) 

3) F. KAlSER, Eellige opmerkingen omtrent de periodieke fouten van Micrometer· 
schroeven. (Vers!. en Med. K. Akarl. v. yv. Amsterdam, 2e Reeks, Deel!. 1866.) 
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'fhc correctness of levelling of the cathetometer was tested by the 
menisci in two communicating mercury-tubes, presenting a difference 
of azimuth of 90°, anel no elifference in height amounting to 0.01 m.m. 
was found. 

The levels have been tested by the level-tester anel tables have 
been made of the correctiolls at elistances of 10, 20, 30, 50 e.m. 
Each time a micrometer head was read, the level on the telescope 
was also read. The method we followeel was to read the elifference 
in le\"el observed through the telescopes on a divideel bar scale 1), 
not on the cathetometer-scale itself. For this purpose we used a 
standard meter constructed by the Société Genévoise 2) of 120 e.m. 
length, mounted on a special stand made in the work-shop of the 
laboratory which couIel turn round a vertical axis and was provided 
with adjusting screws, rendering it possible to adjust the bar by 
means of the cathetometer itself to a vertical position. (See PI. V I 
this paper). 

17. The adjttstm en is. The barometer, the manometer, the divided 
bar, and the cathetometer are' all mounted on stone pillars fixed to 
a freestone slab, which in its turn rests on one of the fixed pillars 
of the laboratory. The stoncs are easily mounted and temporarily 
consolidated by means of plaster to a rigld block of stone. 

In order to be able to adjust accurately, the focussing of the 
telescopes not being altered, it is necessary that two of the three 
apparatus should be movable. To attain this they are placed 
on carefully worked metal stands (see PI. VI of this paper) which 
ean be I moved in two directions at right angles by micrometer 
screws with handIes. Tho manometer and the scale are placed on 
the stands; the barometer and the cathetometer are firmly mounted 
and the telescopes focussed on the barometer menisci. Then the di vi
ded bar is placed vertically anel brought at thc required distance 
by means of the screws. The adjustment of the manometer into 
position is more difficult; the best way is to bring one of the sliding 
motions of the double sledge on which the apparatus is placed in the 
direction of the cathetometer, nud then to tUl'n the stand and bring 

1) CHAPPUIS l.c. p. 31. We aseel tnilled hy n great num ber of measurements, that it 
Wns not necessary to rend the scale immediate1y aftel a meniscus, but that the mellisci 
could be read successively and t11e scale ut the beginlling or ut the end of the series 
of measurements. 

~) ISAAcHsEN's test of Hl~ 111\s ShOWll the great nccurocy of these divided bnr senles, 
comp. Bureau Internat. 1. c. p. 39. 
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the menisci at the same distance from the cathetometer aDd to adjust 
them with the screw both at the same time. 

18. The elimination of vm'iations in the barometet' pre.~sure, Ra
pid variations of the atmospheric pressure are an important cause of 
uncertainty in these measurements of pressure 1). Tbough the telesco
pes need not be moved along the scale, yet some five minutes must 
elapse before tbe reading of the four heights is \lomplete, and during 
tbis time tbe variations in barometric hcight are of ten not negligible. 

For example thc readings O!! the 15th Febr. were 

2h 762.50 
2h30 761.92 
3h 761.51 
31130 761.30 
4h30 760.80 

Obviously the resulting uncertainty can be much diminished by a 
suitable combination of the (l bservations in special cases of the varia
tion. Suppose for instanee that the changes in atmospheric pressure 
pare linear with time t so that we may put P = Po + n t, fUither 
suppose that the changes in both limbs are equal and opposite in 
sense, equally weU in the barometer and manometer. When t = 0, 
let nl be the lowel' level, 112 the upper level for the manometer, n3 

and n.), the same for the barometer, further suppose that the levels 
are reread at intervals of one minute and that in the formula men
tioned the time is measured in minutes. The real pressure is then 
112-n1 + n4-113' If we read in the order n1' 114 , n3' 112 then the actual 
readings are 1117 114 + :/f, 113-2 TC, 112-3 n. 

From this we derive I 

The combination 123' 111' n2' n4 leads to the same result, while the 
insertion of the barometer reading between two manometer readings 
as l1J, 112' 113' 124 , 111' 7/2 also eliminates a linear rise or fall of the 
atmospheric pressure. 

We can aIso find a number of combinatiolls uy which a parabolic 
variation can be eliminllted. 

1) REGNAULT, Mém. de I'fnst. XXI p. 69 snys: Je ne crains pas d'exagérer en 
posnut 1:'11 hllt qu'on ne peut pos réponclre <l'une mesure bnrométrique à plus de l/lO 

de 1I1lJhUJl.tll', qnehlne pedectlOllués que soÎellt u'llilleurs les nppureils ue mesure. 
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A first reading 111114 1Is '112 gives 

nl 

n4+n + ie 

ns-2n-4ie 

112 - 3 n - 9 ie 

a second 'lis '11 2 111 n4 gives 

ns - 4n -16ie 

112 - 5 n - 25? 

911 + 6 1l + 36 i!' 

114 + 7 n + 49 ie 

so that the mean of both gives the pressure at time zero independant 
of n and ie. 

But in the first place we have not eliminated by this process the 
caprieious variations of pressure which of ten are of considerable 
importanC'e, and moreover if the pressure in the manometer had been 
correctly determined at a given moment, we are not even then enti
tled to assume that this is the pressure of the gas in the reservoir. 
Especially to be certain of the latter it is desirabIe to remave as far 
as possible tbe variations in the pressure. 

Ta this end the manometer-tube is connected with thc open limb 
of the barometer by glass tubes of 3 m.m. diameter weIl packed in 
wool (the wool packing has not been drawn on thc plate, in order 
not to rendel' the drawing indistinct). In order to diminish the varia
tions of the pressure which accompany the variations in temperature 
of the air contained in these tubes, a bottle of 2 liters capacity is 
included in the connections, this bottIe being always immersed in ice 
shavings prepared with the precautions of § 7 1). 

The total volume of gas contained in the manometer, barometer 
and connecting tubes which is exposed to variations of temperature 
is about 60 c.c. anel. thence tbe variation of pressure resulting from 
a change of temperature of 1 deg. O. will be only 0.07 to 0.08 m. m. 
This changf' can only take place so very slowly and regularly that 
it may be eliminated by the choice of the order of observations 
according to the above mentioned methode In a complete series 
of observations the variations are always Ie ss than 0.1 m. Ul. and are 
very regular. Thus on the 10th March we observed 

1) The whole apparatus ('nn now be eonsidered us a differental nir tllermometer. 
We think that l'FAUNDLER first llsed slleh an apparntus Sitzb. Wien l2) LXXII, 729. 
1876. We founcl further tlmt CALLENDAlt bas proposed to connect the constant pres
sure air thermometer with a space at stllndllrd pressure in oraer to avoia the reading 
of mercury columns. Phil. Mag. 5. 48. p. 540. 1899. 



- 323 -

( 304 ) 

Sh 750.47 

Sh30 750.50 

411 750.51 

41130 750.52 

This arrangement also allows us to avoid the difficulty mentioned 
in § 16 as arising from reading the four menisci with only three 
telescopes. We have only to alter the pressure by a few centimeters 
in the reserve bottIe and in the tube connecting the barometer and 
manometer with it in order to arrange that two of the menisci are 
read either by one or by two telescopes. 

19. Detm'mination of the temperatures. 
We must know the temperature of the reservoir and of thedif

ferent parts of the connecting space, which latter consists of the 
thermometer capillary outside the constant temperature bath, the 
steel capillary and the volume near the point of the manometer
tube (comp. Comm. N°. 27 § 2 and Pl. II, fig. 4a) where the 
àdjustments of the meniscus for constant volume are made. 

During the determination of the zero the thermometer reservoir 
and about 30 cm. of the capillary are immersed in shavings of ice 
(§ 7) . .A thermometer gives the temperature of the remainder of 
the capillary w hich has only a very small volume. 

Three thermometers are placed against the steel capillary and 
divide this into two parts for tbe tempprature of eacb of which we 
assume the mean of those observerl at the ends. 

For the temperature of the volume near the steel point we read 
the last thermometer on the steel capillary and thosp on ea(\h side 
of the manometer. These differ on1y by two or three tenths of a degree. 

During the determination of the boiling-point the reservoir and 
nearly the whole of the glass capillary is immersed in the boiling 
apparatus. The temperature of eLullition is computed from BROCH'S 

tabJes 1), in connection with which we used the value 9 = 9.81318 2) 
at Leiden. The difference of pressure observed by the small water 
manometer (comp. § 8), was allowed for. 

The atmospheric pressure is read by an aneroide, which is 
repeatedJy controlled by the barometer. 

The remaining 10 cm. of the capillal'y reach above the boiling 

/ 

\) GUILLAUME, Thertnornétrie ue précision, pag. 3fZ7. 
2) lJetermmution by lJEFrORGES IInd BOURGEOIS lSQ2. 
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apparatus; far this part the mean of the temperature of the boiling 
apparatus and of the first thermometer against the steel capillary was 
taken; the temperature of the stepl capillary itself is accounted for 
as in the determination of thc zero. 

Special precautions have to be taken, that the temperature of the 
steel capillary should not be toa uncertain owing to the rising hot 
vapours and radiation. 

At a time when the steel capillary was packed only in waal, 
but otherwise the arrangement af the boiling apparatus was that 
shawn in Communication N°. 27 PI. lIL, fig. 1 we read on the 
three thermometers: 

31l 30 

4 30 

, . 
1 

And sa the means were rather uncertain, due especially to the 
canduction of heat which takes place at the beginning of the capillary. 

To secure a more satisfactary protection of the capillary an india
rubber spiral with water-circulation was placed on the thick wool 
packing of the boiling apparatus, above this again large sheets of 
paper were stretched at a few centimeters distance from each other. 
Where the capillary passed through these protecting layers, which 
shielded it from radiation care was taken that it fitted weIl in the 
openings sa that na hat air cauld pass. 

The ascending hot vapours at the sides of the boiling-apparatus 
were conducted at two meters distance from this through a chimney 
made also of large sheets of paper, which were slightly inclined and 
fitted weIl against the apparatus. With these simple arrangements 
we succeeded in keeping the differences of temperature alang the 
capillary within the ·same limits as l in the zero-determinations, and 
hence they only depend upon the temperature of the room. 

Thus on March 10 we observed: 

15°,6 ' 15°,2 

15°,4 15°,1 

No special precautions were taken to keep the temperature of the 
raam constant. It is not difficult by means of heating and ventilating 
to arrange that the variations of temperature do not exceed 1 deg. C. 
in j1 series of obseryations. 

The influence of the various sources of error resulting from the 
uncertainty of the temperature determinations is considered in § 24. 
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20. The measurement of the volumes. Tbe calibration of tbe 
glass parts of tbe apparatuA bas been described in S 2. Tbe steel 
capiIlary bas first been separately calibrated (fiUed by means of the 
mercury pump), and again af ter having been connected to tbe 
volumenometer tube, in wbich case they are also filled by means 
of tbe mercury pump. In this way the whole connecting spaC'e is 
determined at one time. As the upper part of the volumenometer 
tube has also been calibrated (Comm. N°. 27, p. 6) the two methods 
includE' a mutual test. 

3 measurements by the first ~ method gave on anaverage 749 mm3•1) 

5 » »» second » »»» » 7 5 2 » 

The volume of the meniscus which we want for the determination 
of the volume of the gas shut off hy it, cannot in a tube of the 
dimensions used, be considered as a constant 2), derived from tbe 
diameter and a definite assumed angle of contact. For the height 
of tbc meniscus varied between 1.38 m. m. and 1.54 m. m., which 
corresponds to a change of volume of about 10 m.m.s, if tbe top 
of the meniscus is stationary, an accidental error that cannot be 
admitted as we shall see later. The volumes are computed in each 
case from the height and the diameter like that of a spherical seg
ment. The systematic error which then remains may be considered 
to be smaIl enough to be neglected (comp. § 24). We intend to 
determine this volume still more accurately by fixing several points, 
say three, to the upper surface of the connecting space, along one 
diameter, and to measure the vertical distance of each of these 3 
from tbe mercury, in order to determine the true profile of the 
meniscus. 

As a meniscus of 1.46 m.m. height occurred repeatedly, we have 
considered this as the normal meniscus in a way to be later described 
more in detail. 

The coefficient of dilatation of the Jena-glass 16III used indicated 
by Ic was determined by us between 0° C. and 100° C. according 
to the method of the weight-thermometer. We found Ic = 0.0000242. 
The smaH difference from the value generaHy given for 16III i. e. 
0.0000244 S) does not excecd the probable error. The variation of 

1) The vnlue 750 mm~. was taken af ter comparing tbe nccurncy of each method. 

2) As done by CHA.l'PUlS 1. c. p. 51. 

S) WIEBE nnd BOT'l'CHER 1. c give 0.0000240. 
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the volume under the influence of the pressure was determined as 
in § 2. With a pressure of 1 atm., the variation of volume of the 
reservoir was 4.64 m.m.3 at 15° C. We intend to determine the 
amount of this correction for 0° C. and for 100° C. separately. For 
the time being we have applied the correction found for 15° invariably 
at 0° C. and at 100° C. 

21. Modifications in the thermometer. 8ince the de
scription given in 1. c, § § 2, 3, 4, the following small alter
ations have been made. In 1. c. PI. II fig. 4 we see that 
the CfLp with its capillary is pressed onto the ground glass 
capillary of the thermometer-stem. But we cannot then 
be quite sure that a perfect contact between the cap and 
the upper side of the stem is obtained, and if this is not 
the case the connecting space would be augmented by an 
unknown amount. N ow ho wever to the end of the ther
mometer capillary another, somewhat wider one (2 m. m. 
diameter) is sealed on, into which the steel capillary is 
placed (see fig. 5). This pa'3ses through the whole length 
of the cap and projects beyond it for a few millimeters at 

.I! g. 5. the other end. The connection then is made as in the 
case of tbe volumenometer (1. c. § 4) the space between the capillary is 
entirely filled with sealing wax, the glass capillary is then placed into 
it, which is easily done without th ere being any danger of the 
steel capillary becoming blocked, as it projects a few m.m. ahove 
the cap. 

To mark off the irregular part of the capillary near the joint, two 
marks are made on the glass. The volume of the space between 
these marks has been accurately determmed, as weIl as the sections 
of tbe glass and the steel capillal'Y j so that the exact volume is 
known. 

The connection of the volumenometer with tbe larger steel cap 
on the steel capillary has on the whole remained the same. Instead 
of sl:laling-wax we now use marine glue so as to render the chance 
of cracks (causing uncertainty in the t'onnecting space) and leakage 
less. But this method requires the cap to be fixed by copper wire 
in order to prevent it from being pushed oft' by the soft marine glue 
under the pressure which obtains in the thermometer during the 
determination of the boiling point. Lastly the small tube in fig. 1 
and fig. 7. PI. II 1. C. is not sealed oft' any longer, but it is now 
provided with a smaIl glass cock. As the apparatus has already 
been providcd witb a cock (k ibid.), this does not involve any new 



- 327 -

( 308 ) 

difficultYi the new cock is very usefu1 whenever we want to alter 
the pressure of the gas, or to fill the thermometer with another gas. 

22. Tlle preparation of the pure hydrogene Tbe apparatus used 
for th is purpose (1. C. § 5) has a180 undergone a few small altera
tions. In the first p1ace severa1 indiarubber connectións have been 
removed. 'fhe two storage-bott1es fol' hydrochloric acid and potas
sium hydroxide solution (d and e fig. 3 PI. I comm. nO. 27) are 
now 1ike the W OULF'S wash bottle closed with ground stoppers ano 
the screw clamp C has been~replaced by a mercury-closure. The 
large drying-towers i, i are replaced by a U-shaped tube, closed 
with ground glass stoppers. Even with careful heating of both the 
glass and the india-rubber, it requires much care to make india
rubber fittings on glass by means of sealing wax perfectly trustwor
thy; if as often is the case some solution of india-rubber is applied 
between the glass and the india-rubber, the solvent evaporates in the 
vacuum and the high degree of purity, as we require it for our 
hydrogen, is altogether lost. 

Lastly for the pre1iminary filling we no longer use commercial 
hydrogen, but hydrogen prepared from pure zinc and hydrochloric 
acid in a separate glass apparatus. 

23. The calc1,dation of results. Our determination comprises the 
reading of the menisci and of the various thermometers. 

Suppose the reservoir is at {'(J. Let ET be the pressure of the 
included gas corrected for the temperature of the mercury and the 
compression of the latter under its own weight (to be neglf'cted)j the 
correction applying for the value of gravitation will be dlscussed later. 

Let Va be the volume of the reservoir at 0° C and under the pres
sure of the gas during that time. 

1~1 the volume of that part of the glass capillary which 
is at the temperature t of the reservoir. 

U2 the volume of that part of the glass capillary which 
is not at the temperature of the reservoir but at the 
temperature t2• 

Us and U4, the volumes of those parts of the steel capillary 
where the temperatures are ts and t4,. 

Ua the volume near the steel point in the volumenometer. 

(i the variation of the volume Va of the reservoir caused by 
\ 

the pres8ure. 
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The volume U5 and the temperatures are different for different 
determinations, therefore it is desirable to apply corrections which 
reduco them to a definitc volume U5 and definite temperatures. 

From the temperatures observed we caleulate the pressure, which 
would be found under the following eircumstanccs: thc wbole of the 
thermometer eapillary is reduced togethrr with the glass reservoir 
to the same temperature {)oG, dilfering very little from t. Moreover 
the entire connecting space must be reduced to 15° Gand this space 
must be closed by a meniscus of 1.44 m.m. height touching the 
point of adjustment in the volumenometer-iube. L('t u be tbe con
neeting space thns determined. U nder these cireumstanees the fol
lowing equation will hold for the pressure, whieh we eaU the 
reduced pressure Ho. 

in whieh k is the eoeffieient of expansion of the glass and a the 
coeffieient of pressure variation of the gas between 0° C. and ()O C. 

The differenees of the small u's at the temperature of calibration 
and at the temperature of observation are too small to he aeeounted 
for 1). Tho corrections from HT to Ho are made with an approximate 
value of a, for which we took 0,003662. 

The values of (), whieh are now important to us, are 0° C. and 
100° C. For all corrections at the same temperature the value of 
Ho is a definite amount, whieh therefore ean be ealeulated onee for 
all. The ealeulation of the value ~etween [] to the left may be 

shortened by eomputing tables of the valucs of U
n 

,as the 
l+a tn 

temperatures ts , t4, t5 never deviate mueh from 15° C. 2). 

The pressures rerlueed in this way eorrespond therefol'e to the 
following circumstances: 

At 0° C. a vohune Vo + UI + U2 at the temperature 0° 

u "" _" 15° 
At 100° C. the volume of the reservoir has become 

J) As for UJ, this volume itse1f is e\.tlemely smnll, aud. ns fol' 1/2 , U., U4 , liG tbe 
dlfterellce of t2 , t3 , t4 , tG from the assumed stulldard tempelature 15° C. is very smal!. 

2) OHAPPUIS 1. c. pg. 55. 
21 

Proceedlllgs noyal Acad. Amsterdam Vol. IIl. 
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Vo (1 + 100 k) + fj, 

and hence the circumstances are: 

Vo (I + 100 k) + fj + UI + te2 at the temperature 1000 

u 1~ 11 11 11 

a is then found from 1) 

[
U] [(VO+ltl+u2)(1+100k)+/1 U] 

Ho VO+Ul+U2+ 1+15a =H:oo 1+100 a + 1+15a 

~ - u I BlOO-H. ( 
(1+100a) 1- 0 == 

VO+Ul+U2 1+15a Ho 

= Hl 00 [1+100k+ fj J (2) 
Ho VO+Ul+ U2 

This equation can be solved by successive approximations, bearing 
in mind that BlOO and Bo include correctioDs ilepending on a. HIOO 

and Ho might then be computed anew with the new' value of ~, 
and the equation solved anew. The number 0,003662 used by us 
in the first approximation is in such good agreement with the correct 
soJ uti on, that in this case it was not necessary to make a second 
series of calculations. 

24. Influence of en'ors 2). 100 du = dh is easily found when dIt 
Ho 

is the error in one of the determina tions of pressure H100 or Ho. 
For the accuracy of reading with a cathetorneter we may assume 

dil, = 0,=01 mrn., and to this value corresponds du = 10-7, an error 
which will be perceptible as a unit in the seventh place of decimals 
and would change the value 0,0036627 into for example 0,0036628. 
The other errors are best considered hy reducing them to errors in 
the reading of pressure. As for the connecting space which as com
pared to the reservoir was very large (over 0,01) 3) owing to the 
special arrangement of the thermometer for very low temperatures, 
a reading error in the distance from the meniscus to the point of 
0,01 mm., which corresponds to 1,2 mms error in u, gives an error 

1) Comp. CHll'PUIS l.c. p. 52. 
') Comp. OHAPPUIS, l. c. p. 56. 
WIEBE en BÖTTOHER, Zeitschr. f. Instrumentenkunde 10, p. 238. 1890. 
3) As in the case WIEBE and BÖTTOHER l.c. 
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of 0,01 mmo in the pressure at the zero or 0,02 mmo in the pres
sure at the boiling point; incorrect determination of volume of 
parts of the connecting space causes a similar systematic error. 

The capi11arity leaves an uncertainty which we estimate at less 
than 0.03 m. m., the volume corresponding to the uncertainty of the 
form of the meniscus remains below 3 m. m.s, corresponding to 0.03 
m. m. and 0.06 m. m. in the pressure ; the systematic error, which 
thus can arise in Cf does not reach 3.10-7• 

An error of 0.°01 C in the boiling point gives an error of 0.04 
in the pressure ; 0.°2 a error in the temperature of the capillary 
changes the pressure about 0 01 m. m. near the zero. In this respect 
no other than accidental errors are to be feared. Taking all toge-
ther an accidental error of say 3 units in the last decimal (10.7) 
is to be feared. The systematic error may re ach the same value. 

To illustrate the favourable influence of the precautions mentioned 
in § § 18 and 19, especially of those relating to the removal of the 
variation of the atmospheric pressure, we give here a few observations 
of the zero, made in February without these precautions but otherwise 
under the same circumstances as the series of March in § 26. 

In February In March 
we found on 4 days: we found on 3 days: 

Ho = 1098.24 Ho = 1098.35 
1098.15 1098.36 
1098.08 1098.37 
1098.65 

In the first series the dcviation from thc mean ris es to 0.4 m.m., 
which corresponds to Dearly 00 .1 in temperature, a sufficient accuracy 
it is true for most determinations at low tempel'atures, but much 
smaller than we have attained with' our apparatus when all 
the above mentioned prècautions have been taken. Thc deviation 
0.01 m. m. from the mean in the series treated in the latter wav 

" 
corresponds to 00 .02 or as mentioned above to a unit in the 
seventh decimal of the coefficient of pressure variation. 

At ,the boiling point we found on 3 days (comp. § 26). 
RIOO = 1491.04 

1491.00 
1491.05 

The deviation is here twice as large, but yet exceedingly smalI, 
whereas formerly, wh en the capillary was not so wen protected, 
deviations of several tenths of m' m. occurred. 

It is therefore useless to COIlsicler the previous determinations of 
the zero and the boiling point with a view to the coefficient of 

21* 



- 331 -

( 312 ) 

pressure variation to be derived from each pair of them. These are 
only of importance for the measurements at very low temperatures 
made at the time. 

25. Survey of a determination. In the annexed table all the read
ings of one determillation are given, but in order not to make the 
sclleme too intricate the mea.ns of usually three single readings which 
never differ by more than a few hundredths, are given as the normal 
readings. 

Column A gives the reading on the micrometer heads of the cathe-

March 10 3 10 I A. I i I c. ( D. I E. I F. ~ 
-------

Point. 

lower 
meniscus. 

upper 
menIsous. 

lower 
meniscus. 

upper 
memscus. 

lower 
meniscus. 

upper 
meniscus 

Point. 

op. 

ba sis. 

to p. 

b asis. 

to p. 

b asis. 

p. to 

ba sis. 

to p. 

b asis. 

p. to 

ba sis. 

24.19 

24.36 

27.44 

20.37 

21.\)7 

21.42 

22.20 

7.8B 

8.99 

24.41 

27.43 

20.40 

21.90 

24.22 

5.5 1028 23.42 5.5 
1029 25.51 5.5 

1028 23.42 5.5 5.5 1029 25.51 5.5 
6.0 1029 25.51 5.7 

1030 27.61 5.7 

7.0 282 18.86 7.0 
283 20.86 7.0 
283 20.86 7.0 7.0 284 22.89 7.0 

5.5 1027 21.30 5.5 
1028 23.42 5.5 

5.5 1027 21.30 5.5 
1028 ~3.42 5.5 

6.0 276 6.70 6.0 
277 B.73 6.0 

6.0 277 8.73 6.0 
278 10.75 6.0 

5.2 1028 23.42 0.5 
1029 25.51 5.5 

6.0 1029 25.51 5.7 
1030 27.61 5.7 

6.8 282 18.86 7.0 
283 20.86 7.0 

7.0 283 20.B6 7.0 
284 22.89 7.0 

5.5 1028 23.42 5.5 
1029 25.51 5.5 

Aneroïde 771.3 Temp. 14°,3 
Water-manometer + 1 mMo 

-
-

15°0 16°2 
14°8 15°8 14°5 

15°6 15°6 
\ 

14°2 
14°6 

15°2 16°5 
}4°0 16°0 14°4 

16°0 15°2 

tom eter telescopes, B gives the reading on the levels of those telc
scopes 1), C the nearest division of the graduation on the standard
meter 2), D and E the readings of the head and the readings of the 

1) This rending is not mentiolled by CUAPPUIS. 

2) Comp. footnote 1, p. 6. 
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levels during the adjustments to those divisions. The three last 
columns refer to the tempel;atures. F givcs the temperatures readings 
of the manometer and the harometer, G those of the capillary, H 
of the standarc1 scale. 

With these numbers we first compute the readings on the standard
meter, with allowance for the levels. Then the thermometer readings 
are corrected. 

In the next table column A' gives the level of the top of each 
meniscus and the value of the height of each meniscus. 

Column B' gives this level corrected for the capillary depression. 
0' the corrected temperature of the mereury columns. D' the cor
rected temperature of the capillary. E' the sum of the mercury 
columns corrected for the temperature and lastly F' the distance 
from the top of thc meniscus to the point. 

Al I BI' 
I C' , I D' E' F' 

~\ 
Jower meniscus. 102S.45 1028 2\l 1~,o4 . 

height. 1.46 13.9 

JI upper meniscus. 282.76 282.69 15.0 15°6 
= mm 

height. 0.76 15°2 1492.57 0.09 

lower meniscus. 1027.05 1027.05 15°0 
,,: 

height. 0.37 14.2 '" 1) 

@ upper meniscus. 276.58 276.58 14,.5 
10 

P=l 
height. 0.54 , 

Pressure of the water-yapour 771. 6 m.m. Leiden. 

" " " 
771.25 level of the sea 45° L. 

From the meaDS in pairs of column D' follows the temperature 
of the capi11ary, from the height of the meniscus and the distance 
from the meniscus to the point given jn F' follows the correction 
for the space between the horizontal plane through the point and 
the meniscus. A correction 0.07 m.m. for the difference in level 
of barometer and manometer is then applied to the pressure according 
to the law of thc communicating tubes 1). 

1) The difference of pressure between reservoir and manometer - a cor,rection tbe 
ne?essity of which was l'emarkecl by Dl'. V. EVERDII\GEN - could be neglected. the gas 
bemg hydrogen and the diJi'erence of level of reservoir aml munometer small. 



- 333 -

( 314 ) 

ISo we get the following tabIe: 

Volume. Temperature. Pressure Ht 

Vo (l+kt)+ul 82.333 t = 100°44 

ua 0.009 ta= 60° 
mm 

Us 0.444 ts = 15°4 1492.50 

u4 0.306 t4 = 150 1 

Uó 0.218 tó= 140 7 

The pressure has not been reduced here to the absolute value as 
in the case of that for the boiling water, because for the following 
calculations relative values are sufficient. 

The reduced temperature HIOO according to the equation I is now 
faund from: 

[ 
82.333 O,OOD 0.444 0.306 0.218 ] 

149') 50 
-'I. 1+l00.44a + 1+60a + 1+15.4a + 1+15.1 a + 1+14.7a. 

= 61,177 HIOOo 

B IOO = 1491.03 m.m. 

((3 can be left out in this reduction calculation.) 

26. Results. Here follow the valucs found for Ho and R IOO from 
determinations accarding ta the method § 25. 

3 March 7 March 
Ho = 1098.38 Ba = 11J98,38 

35 37 
29 32 

31 
29 

mean 1098,32 

2 March 
HIOO = 1491.05 

05 
07 
06 

1490.96 
96 

mean ]491.02 

33 
32 

28 
29 

mean 1098.33 

8 March 
HIOO = 1491.01 

01 
1490.98 
1491.00 

1490.98 
1491.02 

mean 1491.00 

13 March 
Bo = 1098.34 

30 
38 

mean 1098.34 

10 March 
H lOO = 1491.03 

08 
10 
00 

----
mean 1491.05 
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The equation (2) of § 23 becomes with 100 Tc + v. fi = 0,00245 
o + ul+u2 

(1 -I- 100ce) (1 - 0,00395) = ~:O 1,00245 

With the values: 

3 and 2 Marcl, 

7 and 8 March 

13 and 10 Mal'ch 

Ho = 1098.32 

Ho = 1008.33 

Ho = 1008.34 

We find t.herefore (Comp. § 24) : 

B IOO = 1491.02 
H IOO = 1491.00 
B 100 = 1491.05 

3 and 2 March 

7 and 8 March 

13 aud 10 March 

a = 0,0036628 
a = 0,0036624 

a = 0,0036628 

while the mean of the three determinations is 

a = 0,0036627 

Mr. CHAPPUIS was kind enough to seud us a survey of the 
values obtained by him by means of the apparatus of the Bureau 
International 1) j they are the results of many :md vel'y carefully 
made determinations. Different apparatus for which the degree of 
precision was not the same were used for them. 

u: 
In the large gas thermometer the relation V

o 
(about 0.001) is 

more favourable than for the smail one (0.003) j measurements of 
the pressurcs in the former were much more accurate. 

With the large gas thermometer for all initial pressure of 1000 m.m. 
he found in 

1887 platinumiridium reservoir of 1 
in 7 determinatiolls, mean 

1889 platinumil'idillill reservoir 
in 4 determinations, mean 

1895 reservoir of "verre dut" 
in 5 determinations, mean 

Liter 0,00366225-0,00366271 
0,00866254 

0,00366286-0,00866307 
0,00366196 

0,00366201-0,00366224 
0,00366217 

1) M. P.nUNET, who made the first experiments with the hydrogen tb€'rmometer at 
the Bureau International found 1884: 0.0086654 at 914mm. initinl pressUl'e 

0.0086652 ot 955mm. 11 11 

Proc. Verb. 1885. 
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These observations relate to three different fil1ings. The mutual 
deviations in our determinations with a small transportable ápparatus 
constructed especially with a view to thc measul'ement of Yery low 
tempel'atures appeal' not to be larger than those in OHAPPUIS' results . 
.Also the deviation of our mean value from that of OHAPPUIS is 
within the limits of deviation of his determinations with the large 
thermometer. We give here in addition the observations with 
OHAPPUlS' smaller apparatus: 

1890 reservoir of "verre dur'!.. 

lat filling, 7 detel'mination, mean 

1890 211d filling, 

in 4 determination, meao 

0,0036616-0,003664fJ 

0,0036629 

0,0036630-0,0036642 

0,0036638 

and the observations with the Blightly varied initial pressure of 
788 m. m. 

1894 reservoir of "verre dur" 

in 6 determination, mean 

1894 resel'l'oir of "verre dur", 

mean 

0,0036624-0,0036638 

0,0036628 

0,0036621-0,0036626 

0,0036624 

As could be expected larger dcviations were found with this than 
in the determinations with the larger apparatus, in which the utmost 
!l.ccuracy was the chief object. 

Physics. - Dr. E. VAN EVERDINGEN JR., "On the HALL-effect 

and the resistance of cry.'ltals of bismuth within and without 

the magnetic field". (Oommunication N0. 61 from thc Physical 

Laboratory at Leiden, by Prof. H. KAMERLINGH ONNES). 

1. In crystals of bismuth it is not possible to give one definite 
value to the HALL-coefficient or to the increasc of the resistance 
in the magnetic field; on the contrary these quantities depend to a 
cOllsiderable extent on the position of thc principal crystallographic 
axis with respect to the lines of magnctic force and thc direction 
of the current. This follows from my mea~ur€'ments, published in 
tbe Proceedings of Ap:il 21, 1897, p. 494 and June 26, 1897, 
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p. 68 1). One of the hypotheses, introduced in order to explain the 
observed phenomena, amounted to this, that no increase of resistance 
wouW occur in the direction of the magnetisation. It would however 
have been sufficient to suppose, that the increase of resistance is 
smaller in thc direction of the magnetisation titan in the transverse 
directions, In order to allow of a decision between these suppositions, 
the increase of the resistance of the bars of bismuth N°. 1, 2 and 3 
from the crystalline piece of bismuth from MERCK 2) formerly men
tioned, were measured on ce more while they were placed in the 
magnetic field with their longe st dimension in the direction of the 
lines of force. 

The results obtained with these bars made it appeal' most de
sirable to repeat the experimonts with other and if possible better 
crystalline material. Tho remarkable results obtained by Mr. F. 
LOUIS PERRO'I at Genève for the thermo-electric constants of crys
talline bismuth 3) induced me to communicate with him. With extra
ordinary kindness he has put at my disposal one of tbe prisms of 
bismuth 4) cut by himself with great care froII1 a block of slowly 
cooled bismuth, for which assistance I take this opportunity of 
ex pressing my best thanks. 

The complete results of the investigation on resistance, increase 
of resistance and HALL-effect in the bars cut from this prism I hope 
soon to publish; at present I wish to communicate separately a new 
particularity with respect LO the HALL-effect which occurred during 
tbis work. 

2. The observations lead to the following conclusion : 
A ba?' of bismuth cut at 1'ight angles to the principal crystallo

grapMc axis, shows, in a magnetic field of about 5000 O. G. S. units 
when placed with the pl'incipal axis 1. the unes of force, a HALL
coefficient of n01'mal magnitude and ne,qatire sign (normal) " u'hen 
placed with the principal axis I1 tke lines of force, a smaller, , 
positive HALL-coefficient. 

Rence the same bar of bismuth which in one posilion shows a 
HALL-effect similar to nickel for instance, af ter havjng been turned 
through 90° about the direction of its longest dimension, shows a 
HALL-effect similar to tellurium and antimonium. 

The positions of the varia us bars before they were cut from the 
crystal is shown in fig. 1 t2 X nat, size). 

1) Comm. Phys. Lab. Leiden, N0. 37, p. 7, N°. 40, p. 3. 
~) Vers!. d. Verg. 21 April 1897, p. 500. Comm: No. 37, p. 16. 
S) Areh. d. Se. phys. et nat. (4) 6 p. 105 nnd 229, 1898, 7 p. 149, 1899. 
4) Areh. d, Sc. phYs. et nat. (4) 6 p. 121, 1898, Prism A. \. 
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Tbe principal axis, derived 
by PERROT from tbe_position of 
the cleavage planes and charac
terised by the thermo-electric 
properties is indicated by an 
arrow. The bars 1, 2 and 3 
have been cut along tbe three 
edgea; 4, 5 and 6 with their 
longest dimension still parallel 
to ODe of the sides, but at angles 
of 30° or 60° to the edges of 
tb at side. If the crystal were 
completely homogeneous, No. 2, 
3 and 5 fulfill the coÎldition of 

FIg. 1. being cut perpencIicularly to tbe 
principal axis and ought to obey the rule given above. 

The table below gives the results for the HALL-coefficient in two 
magnetic fjelds for oach of the bars in 4 positions, always with tbe 
longest dimension perpendicular to the lines of force, but differing 
by consecutive rotation tbrough 90° ahout that longest dimension. 
The numbers united by brackets rofer to positions differing by 180°; 
in accordance with PER ROT we indlCate the positions in which the 
principal aris is perpendicular to thc linea of force bij .l, the other 
positions by 11. 

HA.Ll.-coefficient R. 

! 11 

MAGNDTlC FIELD. 

N°. 

I I I 5000 2900 5000 29DO 

~ - 9.2 ~ -11 0 I ~ - 0.15 
I ~ - 0.70 

2 
- 9.9 -- 11.9 - 0.23 - 051 

! - 80 ! - lOl ~ + 0.16 ~ - 010 
3 

-7.9 -10.2 - 0.18 - 0.b6 

~ - 75 \- 9.7 ~ + 0.58 ~ + 036 5 
-7.4 /- 9.6 + 056 + 0.19 
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À single view of the vertical columns and the corresponding 
positions .L and 11 in a horizontal row is sufficient to carry the 
conviction, that the above mentioned relation of the HAJJL-coefficient 
to the position of the principal axis with respect to the lines of 
magnetic force not only is confirmed, but is even more marked than 
was found before. The new ru Ie however, so far as the positive 
sign is concerned, is not satisfied in one position of 3 and in both 
positions of 2. The following remarks indicate why I nevertheless 
regard the resuIts with 5 as normal. 

10• No certainty exists as to whether the original crystal was 
perfectly homogeneous, though it is certainly the most regular piece 
of bismuth evpr tested for HALL-effect. PERROT himself admits the 
possibility that small irregularities, "macles" are present. If this be 
the case they are very probably most important at the edge,;, and 
hence particularly in the bars 2 and 3. The rather large discrepancy 
in bar 2 between the bracketed values indicates that this especiaIly 
cannot have been quite homogeneous. Taking for granted that the 
rule -given at the head of tbis § holds, irregularities can only alter 
tbe HALL-coefficient by a negative quantity in the position 11, and 
it would not require many to make that coefficient change sign 
altogether. 

20. Considering that a rotation of 90° at all events considerably 
alters the HALL-coefficient, tbe position of the bars would of course 
require to be regulated very accnrately in order to exclude errors. 
With bars of about 3 mmo thickness it will not be astonishing 
tbat this accuracy was not attained. Here as weIl as with the first 
source of errors only diminution of a positive coefficient or even 
change into a negative on<.> is to be expected. I suspect that this 
cause occurred with 3, the more so because in an experiment made 
some months ago in the first position 11 we also found a positive 
value but smaller than 0.16. On the contrary tbe value + 0.58 for 
5 is a mean of values + 0.57 and + 0.59 obtained in rapid suc
cession. 

The observations further agree in this that a decrease in the 
magnetic field always causes a variation of the HALL-coefficient in 
thc position 11 with a comparatively 'Tery large negative value. This 
gave rise to the supposition that the reversal of sign observed with 
3 between 5000 and 2900 might occur with tbe other bars between 
other limits. With 2 this remains to be tested, but requires stronger 
fields. With 5 bowever in the first position II in a magnetic field 
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of about 1300 O.G.S. -0.06, in the other position about 0 was really 
found, óo that the supposition was here confirmed. 

I am unaware of any disturbances which might cause an apparent 
positive HALL-coefficient in the method used by me. Only if the 
galvano-mRgnetic difference of temperature should rise here to an 
appreciable value much faster than usually, for instance in one second, 
it might have an influenee to that effect. During the experiments 
there was no sign of this, and I consider sueh a dlstm'banee to be 
quite improbable. 

3. Oertainly it will not be easy to give an explanation of these 
variations based up on the electron-theory. It seems ho wever to me 
as if the reversal of sign need not represent a special difficuIty, 
particularly because the theory had to reckon already with reversal 
by other influences. We take as an example the simplest theory 
whieh assumes the HALL-effect to be proportional to the difference 
of the migration-veloeities (u-v). Usually in order to explain 
the phenomena in bismuth it is assumed that v is espeeially 
important, which constitutes an analogy with cathodic rays and 
the ZEEMAN effect. Hence in order to get a considerabIe variation 
of the HALL-coefficient it is eertainly necessary to decrease v con
siderably. If this is ('arried far ellough a reversal of sign of u-v 
may be expected. Should the objection be made that t6 here appears 
to be a non-negligible quantity, I can only remark that the positive 
value obtained for D (rotation of equipotential lines) for bismuth is 
even smaller than that for antimony and tellurium: and hence this 
does not constitute a neUJ diffieulty. 

Reversal of sign was observed in consequence of: 

a. Variation of temperatnre, with nickel, by OLOUGH and HALL 1). 

b. Variation of magnetic field, with alloys of bismuth with 
1-6 pCt. of tin, hy v. ETTINGSH4USEN and NERNST 2); with 
imp ure bismuth, by BEA'ITIE 3). 

c. Addition of an other metal in a constant field with bismuth 
mixed with increasing quantities of tin, by v. ETTINGSHAUSEN 
and NERNST 2). 

To this we ean add now as fourth cause: 

1) Proc. AmE'r. Acad. 20 p. 189, 1893. 

2) WIed. Ann. 33 p. 474, 1888. 

3) TRANS. R. Soc. Edmb. 38(1) p. 225, 241, 1896. 
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d. Variation of position with respect to lines of magnetic force, 
in crystals of bismuth. 

As mentioned before, in Dur experiments b also occurred. 
In conclusion we not€' the fact, that increase of magnetic field 

always alters the HA..LL-Coefficient by a positive amount, which 
seems to indicate that thc influence of this increase is felt especially 
in VI). 

1) Sec § 6 CommulllcutIon N0. 58, Versl. Kon Akacl v. Wetenseh. 30 Juni 1900, 
p. 195, Comm. NO. 58, p. 23. 

(October 24:, 1900.) 
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KONINKLIJKE AKADEMIE VAN WETENSCHAPPEN 

TE A~ISTERDAM. 

PROOEEDINGS OF THE MEErrING 

of Saturday October 27, 1900. 

---.... QC~Q .... ---

I 
(Translated from: Verslag van de gewone ~el'gadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 27 October 1900 Dl. IX). 

CONTENTS: "On the pednl eh'cles of the point-field in loference to a given triangle." By Prof. 
JAN DE VRIES, p. 323. - "Experimental determination of tl1C Limiting Heat of 
Solntion." By Dl'. ERNST COREN (Communicnted by Prol. H. W. BAKHUIS ROOZEBOOM), 
p. 327. - "Contlibutions to the knowledge of some undescribed Ol' imperfectly known 
fungi" (3rd Part;. By Prof. C. A. J. À. OUDEMANS, p. 332. - "On the MAcMAHON 
genelm1zation of the NEwToN-GIRARD formulae." By Prof. L. GEGENBAUER (Com
municated hy Prof. JAN DE VRII!;S), p. 34ï. - "On different fOl'ms of hereditary 
variation of microbes." By Prof. M. W. BEIJEltINCK, p. 352. - "On the development 
of Buds and Bud-valiations in Cyti§us ndami." By Prof. M. W. BEIJERINCK, p. 365. -
"On the pcrmeability of thc red bloodcorpuseles fol' NOs- and S04·ions". By Dr. 
H. J. HAMBURGER, p. 371. - Erratum p. 374. 

The following papers were read: 

Mathematics. - "On the pedal ci?'cles of the point-field in refercnce 
to a given tl'iangle." By Prof. JAN DE VRIES. 

(Read September 29, 1900) 

1. If PI' Pc;" Ps are the orthogonal projections of the point P on 
the sides of the triangle Al A2 ASI the circle :n; passing through 
1'1' P21 Ps is called the pedal circle of P. 

If n intersects the sides of the triangle for the second time in 
1\', P2', PS', these three points are the projections of the point P' 
isogonally conjugated to P, i.e. the allgles .4lc Al Pand P' Az A1Il are 

22 
Prooeedings Royal Aoad. Amsterdam. Vol. lil. 
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equa1. In other worels, Pand p' are the real foei of !t conic 
inseribed in the triangle Al Az As. 

So each circle n belongs to two points P. These points coineide 
for each of the four circles touching tho sieles. 

The point P being situateel on the circumseribeel circle AI A2 A3, 
the circle n degonerates into the right line p of V\T AJ.JLAcm (SIMSON) 
belonging to Panel thc right lino at infinity; P is the focus of a 
parabola inscribed in AIAzAs. The right lines p envelop thc well
known tri euspid al hypoeycloid, discovereel by STEINER, for whieh 
curve of the third ,class tho_right line at infinity is the isolated double 
tangent. 

2. Through two points PI and P2, lying respeetively on al=A2As 
anel 02 = A 1 A3, thl'ee circles n pass. In the first place of ('ourse 
the pedal circle of the point P of which PI anel P2 are two pl'ojec
tions. 1f a point Q doscribes the right line tI ('utting al orthogo
nally in PI, the locus of the isogonally conjugated point Q' is a 
conie Al tbrough Al' Az, As. With the right line l2 eutting 02 ortho
gonally in P2 this parabola has two points Q' and R' in eommon, of which 
the isogonally conjuga.ted points Q and R lie on ll' Evidently 
the common pedal circle of Q and Q' passes through PI and P2; 
in like way these two points lie on the eircle n belonging to 
Rand R'. 

n we takc P2 at infinity, these three circles degenerate into the 
three right lines of vr ALL ACE meeting in Pl' 

3. The locus of the pairs of points P, P' collinear with a given 
point M is a cubic /l(3), generated by the peneil of rays (M) aud 
thc projective peneil of the conics isogonally conjugated ~o those 
rays. Evidently this curve passes through the vertices All A2• A3 
and through the double points of the correspondenee, i. e. the 
centros 1 of the four cireles touehing the sides. If j[ is to be 
the mid-point of two conjugated points P, IJ', then the point har
monically sepamted by P, P' from M must lie at infinity; so it 
must be one of thc points of intersection of the right line 1'"" with 
the polar conie of M with respect to fl(3). Now this conie passing 
through the four points 1 is an orthogonal hyperbola ; eonsequently 
we can draw through M two lines normal to each other, each of 
which contains a pair P, P'. 

But one of those pairs is imaginary. For, a conie touching the 
three l'ight lines Ale Al is entirely determined if its centre Mis known; 
so of the two pairs mentioned above onc consists of the real, the 
other of the imaginary foci of the conic. 
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For the ellipsc aZ .yZ + bZ IIJz = aZ bZ the pedal eurve of the real 
foei is the eirele xZ + yZ = aZ ; the projeetions of the imaginary foci 
x = 0, y = ± c i on thc tangents lie in the circle ,vZ + yZ = bZ• 

Evidently this seeond circle becomes imaginary for the hyperbola ; 
it beeomes a point circle at infinity for the para bola. For the eurves 
of the second class, of which the tangents form two pencils of rays, 
the circle ,v2 + yZ = b'l, degenerates into a point as weIl. For, the 
tangential equation a2

16
2+b2v2=1 of the ellipse is transformed into the 

equation of the pair of points ,v = ± a, y = 0, if b is made equal 
to zero. 

4. By what precedes is proved that eaeh point of the plane ij:J 

in which the triangle Al A 2 A3 lies, is the centre of two circles n. 
If, foIlowing FIEDLER, we represent each circle n by its two poles 
on the sphere of which n is a main circle, we obtain as represen
tating E>urfaee of tbe system (n) a surface p.(4) of order four placed 
symmetrically with respect to fj:J. 

With the aid of p.(4) we can easily show that any two points 
SI and S2 taken arbitrarily lie on three circles n. 

For, the circlcs through SI and S2 are represented by an orthogonal 
hyperbola ï(2) of which the plane hisects the right line SI S2 ortho
gonally, the asymptotes intersecting the plane cp at angles of 45°. 
N ow the points of contact of the asymptotes are to be regarded as 
images of the only tangent of the previously named hypocycJoid 
having the direction of SI Sz. The remaining six points of inter
section of r(2) and ,u(4) originate from three eÎl'cles n. 

5. However, three pairs of points can be indicated each of which 
lie on an infinite number of circles n. For, if P is a point of A 2 A3, 
its pedal circle passes through Al and the projection BI of Al on A 2 A3' 
From this follows that the plane rl, intersecting eb orthogonally 
in the line connecting the mid-points C3 and C2 of Al A 2 and Al A3, 
contains an orthogonal hypel'bola situated entirely on p.(4). 

This plane touches #(4) along the rigbt line C2 Cs. For earh 
point of this line must be regarded as the centre of a degenerated 
curve of the seeond class. 

80 the intersection of u(4) and fj:J consists of four right lines, i. e. 
the lines (jle Cl and the right line at infinity. 

The lines Cl C2• C2 Cal C3 Cl divide the plane cp into seven parts. 
Ir M lies inside tbe triangle Cl C2 C3 or in one of the angles formed 
by pl'oducing two sides, th en the eOl'l'esponding conie is an ellipse 
and M accordillgly the projection of four real points of the represen-

22* 
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tating surface. If on the contrary (lu belongs to one of the parts 
of f/J limited by a side and the productions of the two other sides, 
the conic is an hyperbola, so that M determines but one real <'Ïrcle 
11: and is eonsequently the projeetion of two real point" of ,u(4). 

So in eaeh of the "elliptie cases" formed by the planes rl' r2' ra 
lies a sheet of #(4), intersecting fj> orthogonally in three right 
lines and possessing a singular point in the two images of one 
of the points J. 

The four sheets coineide in the six no des, which are situated in 
CIt C2• Cs, and on Cl C2• C2 CS! Cs Cl at infinity. 

The "hyperbolic" parts of fl\4) pass into thc "elliptic" parts along 
the hypcrbolae situated in the tangent planes rk. 

The plane, bisecting orthogonally an angle of the giyen trianglE' 
or its supplement, containing fa UI' nodes, intersects u(4) according to 
two conics meeting fj> on the right lines Ck Cl and at infinity. -Con
sequently one of these conics is a parabola, whilst the other one 
must be an orthogonal hyperbola, because itf: points at infinity are 
the images of the right line of W A.LLA.CE perpendicuJar to the plane 
of division. 

6. The circles 11:, passing tb1'ough a point D and touching a 
I'ight line l, are represented by two parabolae, of which the 'planes 
form with f/J angles of 45°. They have foU!' points at infinity in 
common with ,u(4); the remaining points of intersection indicate six 
ci1'cles. 

This result is found back by searching for the eoincidenees of the 
correspondence (3, 3) which is determinetl on l by the eircles 1& 

containing D. 
rrhe circles touching two right lines land mare 1'ep1'esented by 

four 1'ight lines; these dete1'mine on ,u(4) the images of eight circles 
1& having land m as tangents. 

If l ani!. m coincide with two sides of the triallgle Al A 2 A3, tbe 
eigbt circles coincide two by two in the four inscribed ci1'cles. 

Prof. SCROUTE draws attention to tbe fact, that the surface inves
tigated by the speaker may be called "wave surfa.ee of the inseribed 
conies", the eyclographie representation demanding simply that on 
the perpendicular to the plane in point M we take on either side 
points, the distances of wbich to the plane are equal t~· the two 
axes of the inseribed conie having M as centre. Tlle nodes corres
ponding with tbe inscribed- and escribed rireles are the points of 
"conical l'efraction". 
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The equation of the indicated surface is 

(a.r + by + ez) (hy + cz - aa;) (ez + aa; - by) (aa; + by - c.;) 

- 16 (a;2 sin 2 A + y2 sin 2 B + z2 s!'n 2 C) I RiJ '11,9 + 1612 '114 = 0, 

if a', y, z are the usual trilinear coordinates, u denotes the distance 
from thc point to the plane of the triangle and a, b, c, A I B, C, I, R 

indicatc as usual tbe sides, the angles, the area and the radius of 
tbe circumscribed circle of triangle ABC. 

Chemistry. - "Experimental Determination of the Limifing Berd 
of Solution" (First Part). By Dr. ERNST COllEN (Commu
nicated by Prof. H, W, BAKHUIS ROOZEBOOM), 

(Read Septembe: 29, 1900.) 

1. When a substance is dissolved in any medium a quantity of 
heat appears which is generally caned the "heat of solution". 

It has been shown, particularly by VAN DEVENTER and VAN DE 
STADT 1), that this universal name may easily lead to confusion. 
They point out that a precise definition is necessary as the quantity 
of heat which is generated (for instanee, when dissolving a salt in 
water) depends on the nmount of substance already present in the 
solvent. 

If equal quantities of a salt are successively introduced into pure 
water each quantity on dissolving will produce a different heat e-ffect 
so that thero really exists an unlimited number of different heatR 
of solution which each depend on the concentration of the liquid 
into which the new quantity of the salt is introduced. 

If a certain quantity of a salt is dissolved in a large amount of 
water so that the solution is 80 dilute, that on further dilution no 
heat is evolved, the heat effect accompanying the dissolving is cal1ed 
(by v. DEVENTER and v. D. STADT) the "first heat of solution" 
(calculated on 1 gram-molecule of salt) This is the quantity .vhich 
is generully cal1ed the "heat of solution11 and which bas been deter
mined for a large number of substances by BERTHELOT, TROMSEN 
and others. 

This heat of solutioll is also ra lIed "!teat of solution in muc!t 
wate1'" or "heat of solution to ext1'eme dilution". 

1) Zeitschrift fur phys. Chemie, 9, 34 (1892), 
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As the quantity of beat evolved during dissolution, depends on 
tbe concentration of the liquirl employed, each fresh quantity of salt 
will cause a different heat effect until the solution has become 
saturated. 

Each of these heats of solution excepting tbe last, is called an 
d.intf1'rnediate" heat of solutioll. The sum of the interrnediate heats 
of solution is caned the "integml" or «total" heat of solution or 
also "heat of solution to satumtion". 

2. The last term of the illtegral heat of solution is particularly 
important theoretically. It represents the quantity of heat evolved 
when a salt (calculated per gram molecule) dissolves in its own 
saturated solution. 

This quantity of heat is called "fictitious", theo1'etical or ideal 
heat of solution also "last 01' lirniiing heat of solution". It is this 
factor ",hich plays a great part in the thermodynamics of solutionsj 
we refer to the expressions given by v. D. WAALS 1), VAN 'T HOFF 2), 

LE CHATELIER 3) and BAKHUIS ROOZEBOOl\I4) for the relation between 
the solubility and temperature. 

LE OHATEtIER and BAKHUIS ROOZEBOOM already pointed out and 
REICHER and VAN DEVENTER demonstrated experimentally that there 
can exist a great difference between the first and the limitin~r heat 
of solution and that they may even have a different sign 5). 

That these quantities coincide in tbe case of substancE's which 
are but little soluble, will be easily understood. 

3. Only lhe "first beat of solution" is accessible to determination 
by a direct calorimetrie method. The 01hel' heats of solution may 
be calculated from the heats of dilution, by means of HESS' law, 
then from the table of the heats of dilution of Sollltions of different 
concentrations alld from the first heat of sOJutiOll the heat effect 
may be calculated with which increasing quantities of salt dissolve 
in a definite volume of water, and from tbis the heat of solution of 
tbe last quantity may be obtained by extrapolation. 

1) ZIttingsvers1. Kon. Akad. van Wetensch., 28 Febr. 1885. 

~) VAN 'T HOFr, Lois de l'Equilibre chimique etc. Kongl. Svenska Vetellskaps 
Aka(l. Hand!. 21. 17 (L88fi). OSTWAI,D'S' Klassikel' 11 O. Translation by BnUDIG, S. 55 . 

. 1) ReclJerches expérimentnIes et théoriques sur les équilibres chi!lliques. Extrait des 
Annales des Mines, livraison Murs-Avril 1888, p 138. (Puris, DUNOD). 

4) Rec. des Trav. chim. des Pu.ys-Bus 8, 123, (l889). 

ü) Zeitschrift fur. phys. Chemie 5, 559 (1890). 
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lt will be easily seen that tJle accnracy of snch a calculation will 
leave much to be desired anel this is why, thus fa)', the limiting 
heat of solution is but appl'oximately known in a few in stances. 

4. I now wish to describe two methods for the determination 
of the limiting heat of solution wllich do not differ in principle 
although at present for certain experimen tal reasons the second 
method is preferabIe to the fir8t. 

In both cases, two electrical measurements and a calorimetric one 
(wbicb in many cases has al ready been executed by-BERTRELOT or 
TROMSEN) lead to the knowledge of the desired heat factor which 
we will can Lf. 

5. In order to be better undorst()Od we wiU choose a definite 
example and make it our object to dotermino the limiting heat of 
solution (hf) of Ag N 03 say at tD. 

F I R S T MET II 0 D. 

We construct a galvanic cell according to the following scheme: 

Ag. Solution of Ag N03 
saturated at tO C. 

Very dilute solution 
of A.gNOg• 

Ag. 

In view cf the future determination of the temperature-coefficient 
of the l'e11, the solid phasf' will not be introduced into the saturated 
solution but a dear saturated solution will be employed. 

The mechanism of this ('eli during the passage of thc CUI'l'ent is 
now, accordillg to known principlcs, as f01l0ws: 

When one gram-ion of silver dlssolves in the weak sollltion, the 
concentration of silver in that solution is increased hy 1 gram-ion; 
but at the same time, if (1-1/}) is the migration constant of the 
silver, (l-n]) gram-ions of silvel' will have passed from the dilute 
into the satul'ated solution. 

The increase in the dilute solution therefore amounts to 1/} gram-ions. 
The saturated solution has, of course, become correspondingly 

poorer in sil ver. 
A.t the same the NOJ-ions have been displaced in the opposite 

direction. If?tl is their migration constant, th en 111 gram-ions of 
NO.l have passed from the saturated to the diluted solution, thereforc, 
during the passage of 96540 Coulombs, n1 gram-ions of Ag and nl 
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gram-ions of NOs have been transferred from the saturated to the 
dilute solution. 

6. As the ceU described is a reversiblo one we may apply the 
equation of GIBBS and VON HEL:MHOLTZ. 

Ec dE 
Ee=-+T-. 

nfo dl 

As 11 is here = 1 we get: 

Ec = fo ( Ee - T ~~) • 

We may imagine the heat effect of the change which takes place 
in the ceU dllring tbe passage of 96540 Ooulombs as occurring in 
two stages: 

or 

1 st. Withdrawal of 111 Ag NOs from tbe solution saturated at te; 
I 

heat effect - '/11 Lr . 
2nd• SOllltioll of 121 Ag NOs in tbe extremely dilute solution; 

beat effect 111 W1 trepresenting by W] tbe first beat of 
solution). 

We thus get: 

fo ( dE) Lj = W1 - - Ee - T -- • 
nl dr 

Ir now tre E. M. F. of the eeH is determined at tO and also the 
temperatUl'e coefficient at that temperatul'e, then all the qllantities 
on the right hand si de of the equation are known and consequently 
Lj, which we desired to determine. 

7. A single remark remains to he made: the dilute solution 
must be so cbosen that W1 is really practically the first heat of 
solution. If it is made too dilute, tbe aecuracy with wbicb E and 

dE can be determined (for instance by POOGENDORFF'S compensation 
dT 
method) becomes too sm all as the resistance would become unduly 
great. At tbe same time any (smal!) heat of dilution would ba 
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neglected. It is thereforc, in any case as weU to keep within 
certain limits I). 

It is, of course, obvious tbat as a rule, electrodes which are 
reversible in regard to tbe anion mayalso be employed. This 
method is not likely to be used at present because the migration 
COllstants in concentrated solutions and their dependance on the 
temperature have been studied so little '111 for saturated solutions of 
Ag NOs being quite unknown. 

SEC 0 N D MET H 0 D. 

8. This method which, as already explained, qUitfl corresponds 
in principle with the first one, is capable of being realised experi
mentally. 

We take for instance the case that the limiting heat of solution 
of thallous sulphate is to be determined alld construct a cen ac('ording 
to the following seheme: 

Hg I Solution of Tl2 S04 I Tl 
Hg2S04 saturated at tO C. I 

connected In opposition to: 

Hg I Very dilute solution I Tl. Hg2 S04 / of T12 S04 

When 2 X 96540 Coulombs have passed through th is combination, 
1 gTam-molecule of Tl2 S04 has been transferred fl'om the saturated 
to the dilute solution. 

In the equation 

Ec dE 
Ee=-+T--

'1l1'0 dT 

n == 2 therefore 

( dE) Ec= 2 Eo Ee - '1 dT ' 

1) When the saturnted nnd the diluted solutions differ very mueh in degree of 
uissoeiatiou. tllere will exist n differenee between the ionisntion-hents nt the eleetrodes 
in those solutions. Provisionully, we only know that ditlerenee will be very smnll. 
Still, n numerienl determinntion would be interesting, in whieh OSTWALD'S equation 
(Zeitschr. f. phys. Chemie U, 501, 1893) might be a guide. 

, 
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whilst further 
Ec = - Lf+ WI , 

in whieh Lf represents the lirniting heat of solution and WI the 
first heat of so]ution of Tl2 804, thel'efore: 

or 

dE 
- Lf + WI = 2 Fa (Ee - T--) 

\ dT 

The rigbt hand side of the equation contains again only known 
quantities if the E.M.F. of the cell and its temperature eoeffieient 
at TO have been deterrnined. W] may be borrowed from the table 
of BERTHELOT or TROMSEN 1). 

The advantage of this method over tile first lies in the fact that 
migration is exeluded here and that we thereforp, avoid the diffieulty 
that the migration constants of concentrated solutions are not known. 

I hope io describe the measurements in a future communieation. 

Amsterdam, Chern. University Lab., Aug. 1900. 

Botanics. - "Cont1'ibutions to the knowledge of some undf'scribed 
Ol' impe1'fectly known F'un.gi" (31d Part) 2). By Prof. C. A. J. A. 
OUDEM.A.NS. 

56. ASCOCHYTA RHEI EUis et Everhart, Proc. Acad. Sc. Philad. 
1893, p. 160 (= Phyllostieta Rhei ElI. Ev. ante aJlnllm 1893); 
Sace. Syll. XI, 525, forma caulincola Ouo. - On the stem and 
branches of Rheum Rhaponticum. - Nunspeet, act. 2, 1899; Mr. BEINS. 

Maculae nunc nigrescentes, tunc vero palleseentes, irregulariter 
limitatae. Peritheeia numerosissima, congesta, 1/10-1/8 miJl. in diarn., 
epidermide velata, depressa, membranacea, vertice perfol'ata. Sporulae 
hyalinae, cylindraceae, ad polos rotulldatae, biloculares, non aut vix 
constrictae, 7-14 X 3.5-4 lt. 

57. ASCOCHYTA PS.A.MMAE Oud. n. sp. - On the leaves of 
Psamma littoralis (= Calamagrostis arenaria = Affiffiophila arun
dinacea = Psarnma arenaria). - DUlles of ScheveDing~n, Sept. 1891. 

1) l:lee note on png. 331. The ~ame remarks also nppIy here. 
2) For 2nd Part see these Proceedings p. 23U. 
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Peritbecia epiphylln, sparsa vel laxe-caespitosa, epidermide velata, 
non autem immersa, lenticulari-depressa, membranacea, mollia, nigra, 
in luce pervia autem pallide-fusca, lis mill. in diam., vertice per
forata. Sporulae oblongae, dilute fuscescentes, bilocnlares, ad polos 
anguste-rotundatae, sine ronstrictionis vestigio, eguttulatae, 112fs-
14 X 4% ft. 

Our fungus must by no means be confounded with Ascochyta 
pe?'fomns Sacc. (Syll. UT. 406) or, what according to tbis author 
would be the same, with Splzaeria perfont1ls Roberge (Desm. Ann. 
Sc. nat. 2, XIX, 357 and Desm. Exs. 1st Series, lst Ed., 1843, 
N°. 1288), becanse under this numbel', in tbe copy wbich I possess 
of this rare work, there are found Psamma-Ieaves, but no perithecia 
wbose spores correspond with those of Ascochyta. They are indeed 
bilocular and uncoloured, but eaeh extremity bear& a sickle-shaped 
appendix, whose convex side is tUl'Ded upward, and besides shows 
two inwardly curved ends and, in the mlddie, a short, thick staik, 
by which it is joined to the summit of the spore. Peritbecia with 
su eh spores can only belong to tbe genub Darluca; provided its 
chamcter be somewhat expanded and, besides the presence of short
triangular or thread-shaped, th ere be also allowed comb-shaped, jelly
like appendices at the extremities of the spores. In this case the 
new farm found by me might be denominated Darluca cristigera. 
These com b-bearing spores are, exclusi ve of tbe appendices, 25-26 ft 
long, anel 14 ft wide, a measuremen t mentioned by DESMAZIÈRES, 
not however taken over by SACCARDO, but which is in any case 
much more considerable thall was ever found in an Ascochyta. A 
slight deviation, in SACCARDO'S deseription, when compared to that of 
DESMAZIÈR1<,S, is found in so far as the former caUs the spores at 
one and the samE' time "elliptieaE''' and "acutiuscllJae", notwith
standing theee terms seem to exclllde eaeb otber, and the second of 
the two is not faund in the latter au th or. 

In his diagnosis of Ascochyta perforans (Syll. lIl, 406) SACCARDO 
a180 re1'ers the reader to thc article on Sphael'ella per'forans (Desm.) 
Sace. in Vol I, p. 538 of tbc Sylloge, still, it rannot escape the 
attention of those who attend to this reference, that by this Sphae
?'ella tbere is meant nothing else but the Sphael'ia perforans already 
discllssed hy U'3, and the same number in SACCARDO'S herbarium 
venaie. DESMAZIÈRES' silence about the existellce of asci induced 
SACCARDO to doubt of tbe justnes"l of the name of "Spbaeria", changed 
by himself, in accordance with the more recent ideas, into "Sphae~ 
rella" . And herein the Italian Professor is right. Follows ho wever 
that Sphae1'eUa pel'forans has no right of existence any more and 
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Can have DO meaning but as a synonyme of Da1·luca cristige1·a. 
Remains the question whether our fungus might perhaps belong 

to Ascochyta graminicola Saer. (Mieh. I, 127 and Syll. IIr, 407). 
The answer, however, we think, ean be only negative, for though 
bath species correspond in many respeets with eaeh other, still a 
nearer investigation proves that Asc. graminicola has ovoid-fusiform, 
bieellular spores, Whllst in Asc. Psammae clre fouud oblong spores 
without drops. - Ascochyta graminicola var. llolci and Asc. grami
nicola var. ciliolata Saee. (both referred to on pag. 407 Vol. IH of 
the SyIl.) may remain out of eonsideration, the former having large 
four-dropped spores, the latter, on account of the gelatinous filamellts 
at the summits of those organs, being obliged to withdraw to the 
genus Darluca-Ascochyta graminicola Saee. var. Brachypodii Trail. 
(Sacc. Syll. X, 308) eOllles not into consideration, its spares being 
toa large (15 -17 X 5 p) and somewhat eroaked; Asc. graminicola 
var. Cae1'uleae not, as here again the spares bear appendices and accord
ingly belong to Darluca; lastly, neither Asc. graminicola var. lepto
spora (Sacc. Syll. XI, 308), as the spores are too narrow, as may 
be inferred from the name of the variety (MwT:og = slender), 

So, we think aUlself authorised ,to mamtain the name of Ascochyta 
Psammae, and further, to withdraw the rpecies Ascocltyta pel'f01'ans 
with their synonymes: Sphaeria perforam; and Sphaerella perforans, 
together with Ascochyta graminicola var. ciliolata and Ascochyta 
graminicola var. Caeruleae, from the genera to whieh they hitherta 
belonged, bring them over to Darluca. 

58. ASCOCHYTA. SOLANICOLA Oud. n. sp. - On the leaves of So~ 
lanum nig1'um. - Nunspeet, Oct. 11, 1898; Mr. BErNs 

Maculae arbiculares (mill. 5 in diam.) sive eJliptieae (18X15 mill), 
numerosae, fuseescentes, linea saturatius tincta in pagina superiore 
circumseriptae, pallide virescentes in pagina inferiore, vulgo steriles, 
denique aridae, fragillimae, foramen cireulare vel elliptieum post 
destruetionem relinquentes. Peritheeia epiphyIla, sparsa, 1/5 mill. iu 
diam., fusca, prominentia, primo epidermide vdata, denique exposita, 
vertice perforata. Sporulae bacillares, ad pol os rotundatae, hyaIinae, 
biloculares, sine constrietionis vestigio, lO-12X21/ 2 fl. 

Ascochyta solanicola is distinguished from Asc. Solani Oud. (Ned. 
Kruidk. Areh. 2, VI, 44; Saee. SyIl. X, 304), on the sterns of So
lanum tuberosurn, by the absence of blaek filaments at the b~se of the 
peritheeia, and by the smaller spores (10-12X21/ 2 p, to 14X7 p.); 
trom Asc. Lycopel'sici Brunaud (Sacc. 8yIl. X, 304), on the leaves 
of Lyeopersicum esculentum, by the brown, not Llaek peritheeia, by 
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the want of the Rlightest constriction on the height of the partition, 
and by longer spores (10-12)t 21/3 ft to 8-1 OX21/2 ft); from Ase. 
soda Pass. (Sace. Syl!. X, 304), on the leaves of Lycopersieum escu
lentum, by the somewhat longer and somewhat shorter spores (10-12 
X2% ft to 8-lOX21/ 2- 3 ft): from Ase. Atropae Bresadola (Hedw. 
XXXII, 1893, p. 32 and Sacc. Sy11. XI, 524), on the lcaves of 
Atropa Belladonna, 1>y the much larger perithecia (200 ft to 70-80 fl) 
and the narrower spores (10-12X2 1/s ft to 8-12X 4 ft); from Ase. 
Datttrae Sace. (Mieh. I, 163 and Syll. III, 402), on the leaves of 
Datura Stramonium and arboreum, by the larger pedthecia (200 ,u to 
100 f/-), otherwise coloured dots, and longer but narrower spores 
(10-12X2 1/3 ,ti to 7-8X:3,u); from Ase. Nieotianae Pass. (Saee. 
8y11. lIl, 401), on the ]eaves of Nicotiana Tabacum, by the absence 
of the slightest constriction on the height of the partition and of 
fine granules in the protoplasm; lastly, from Ase. physalina Sace. 
(Mich. I, 93 and SyIl. II, 401), ,on the leaves of Physalis Alkc
kengi, by the much smaller spores (lO-12X2% ft to 25- 28X8ft) 
and the absence of vacuoles in the protoplasm. 

*AscOOHYTA TUSSILAGINIS Oud. n. sp. - On the leaves of Tus
silago Farfara. Apeldoorn, Oct. 6, 1897. - Ct Ned. Kr. Arch. 3, I, 
498, et Hedw. XXXVII, 178. 

59. ASCOCHYTA VIJ:lURNICOLA Oud. n. sp. - On the branches of 
Yibul'num Opulus, together with Ph oma v iburnieola. - Nunspeet, 
April 14, ] 899; Mr. BErNs. 

Maculae nullae. Pmithecia numrrosft, parva., depressa, sub perider
mate oceultata, vertice perforata. SpOI u]ae cylindraceae vel eylindraceo
fusiformes, ad polos rotundatae, rectae, sohtariae hyalinae, ju massam 
condensatae dllute-olivaceae, biloculares, 91/'J,X21/ 2 p. 

Differt ab A.. Vib1wni, A. Lanianae et A. Tini spûrulal urn dimen
sionibus, quippe quae exprimuntur numeris 

10-12X3.5-4 ft pro A. Viburni. 
11 X2 ft pro A. Lanlanae. 

6-10X3 ft pro A. Tini. 

CYTODIPLOSPORA Oudemans. 

(Ned. Kruidk. Archief 2c Serie, VI, 292)_ 

The genus Oytodiplospol'a mRy be considered as to !lifler from 
Oytospora by bieelluJal' spores. 

rrhough SACCAltDO p. 52ö, Vol. XI of hib Sylloge, rigutly assigned 
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a place to this genus among the Hyalodidymae, it was in Vol. XII 
of the said work (p. 162), elaborated by SYDOW, erroneously men
tioned as belonging to tIJe Phaeophragmeae, and in the "Indf'x ge
nentlis Generum", in the back part of volume XIV, much to the 
detriment of the reader, an s is added to Cytodiplospora which is 
thereby changed into Gystodiplospora. 

The first Gytodiplospora found by me, lived on branches of 
Gastanea vesca, and was described by me under the name of Gytodi
plospora Gastaneae in Nederl. Kruidk. Archief, 2, VI, 528. A 
second species, found on Birch-branches, I mentioned under the ti tIe 
of Oytodiplospora Betulae, in Hedwigia XXXVII (1898) p. 317. 
A third species, found of late on branches of Acer Pseudoplatanus 
and dasycarpum, I here mention by the name of: 

60. CYTODlPLOSPORA ACERUM Oud. n. sp. - On branches of 
Acer Pseudoplatanus and Acer dasycarpum. - Bussum, April, 1900. 
C. J. KONING. 

Pustulae numerosae, irreg ulariter distributae, peridermate tectae, 
parum prominentes, sed praesentiam suam saepe jam ab initio tradentes 
macula subcutanea orbiculari vel annulari, nigra, opaca, 1 ad 11/ 2 

mill. in diam. Peridermate fupto, stroma conspicuum fit depressum, 
fuliginosum, structura parellC'hymatica tenerrima insigne, intns lacu
nosum, i.e. septis pluribus flexuosis incompletis in loculamenta plu
rima variae dimensionis divisum. Sporulae numerosissimae, biloculares, 
fusiformes, rectaa, hyalinae, ad polqs anguste rotundatae, 12-14X 
21/3-3 ft, non constrictae, basidiis brevibus suffultcte. 

DIPLODINA Westendorp. 

61. DIPLODINA DASYCARPI Oud. n. sp. - On branches of Acer 
dasyca1"pum. - Scheveningen, May 18D4. 

Perithecia in eaespites densos appropinquata, subcutanea, denique 
exposita, globuloso-papillata, nigra. Sporulae fusiformes, hyalinae, ad 
poIos anguste rOiundatae, biloculares, non constrictae, eguttulatae, 
12X21/ 2 ,il. - Differt a D. Acenun sporulis minus largis (12X21/2 f l 

contra 12-16X4-4.5.u) et sporulis ne minima quidem constrictis. 

62. DIPLODINA NEGUNDINIS Oud. n. sp. - On branches of Ne
gundo fraxinifolia. - Naarden, Febr. 1900 j C. J. KONING. 

Perithecia numerosissima, dense congesta, in parenchymate corticali 
Ieviter immersa, orbiculari-depressa, vertice tandem periderma laxe 
adhaerens perforantia, 100 ft in diam. Sporulae bacillares, ad polos 
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l'otundatae, continuae, hyalinae, biloculares, leviter in medio constrictae, 
nonnumquam imo panduriformes, 11-14X3-5 fl, eguttulatae, spo
rulis plurimis rontinuis, brevibus, phomiformibus (nor.dum penitus 
e\'olutis?) commi.xtae (PI. TV, fig. 7). 

THORACELLA n. g. Oudemans. 

Stroma piceum, mieans, infracutirulare, primo laeve, postea rugosum 
et foveolatum, e stratis duobus aequialtis composito: superiore 
psendoparenrhymatoso, fuliginoso, inferiOle e hyphis intertextis pa
chydermatosis, hyalinis composito; eonceptaculis sporujarum in st rato 
superiore effossis, primo abseonditis, postremo ostiolo hiantibus. Spo
rulae fusiformes, ad polos acutiusculae, hyalinae, in medio 1- septatae, 
basidiis filiformibus suffultae. 

63. THORACELLA LED! Oud. 11. sp. On the leaves of Ledum 
palustl'ej Nunspeet, Sept. 9, 1898; Mr. BEINS. 

Stroma amphigenum, nunc partem tantulD. folii, tune vere totum 
folium occupans, piceum, micans, primo laeve, postea rugosum et 
foveolatum, E'X ostiolis conceptaculorum perforatis paululull1 prolJli
nentibus p. m. inaequali .. Conceptacula p. m. numerosa. Sporulae 
fusiformes, hyalinae, 7-11 X 2.u, ad polos acutiusculae, in medio 
1- septatae, basidiis flliformibus longiusculis suffultae - Saepe 
Ascochyfa Le~i Oud. concomitata. 

O. Phl'agmosporae. 

HENDERSONIA Berkeley. 

*HENDERSONIA. AGROPYRI REPENTlS Oud. n. sp. On the leaveR 
of Agropyrum 1'epens. Nunspeet, March 13, 1898; Mr. BEINS. Cf. 
Ned. Kr. Arch. 3, I, 500. 

64. HENDERSONIA GROSSULARIA.E Oud. Il. sp. On the lea ves of the 
young branchee; of Ribes Gro5sulal'ia. - Apeldoorn, May 19,1897, 
O. - Nunspeet, July 12, 1899; Mr. BEINS. 

Periihecia membrana subtilissima praedita, subcutanea, parva, 
pallida, denique vertice perforata. Sporulae cylindricae vel fusiformes, 
subcurvatae, stramineae, quadriloculal'es, ad pol os rotundatae, egut
tulatae, 14-23 X 4 -42/ 3 ft (PI. IV, fig, 8). 

65. HENDERSONIA. TYPHICOLA Oud. n. sp. On the sterns of 
Typha latifolia. - Nunspeet, May 21, 1899; Mr. BErNs. 
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Perithecia primo epidermide velata, denique exposita: ten era., 
membranacea, parva, subfuliginea, denique vertice perfo!,ata. Sporulae 
oblongae, ad polos rotundatae, rectae vel curvatae, p:1l1ide-olivaceae, 
quadriloculares, 112h-14 X 4%-5# (PI. IV, fig. 9). 

*HENDERSONIA WEIGEIJlA.E Oud. n. sp. On branches of ·Weigelia 
amabilis. Nunspeet, March 3, 1898. O. Ned. Kr. Arch. 3, I, 500. 

STAGANOSPORA Saccardo. 

*STAGONOSPORA DASYCARPI Oud. n. sp. (St. Aceris dasycarpi Ned. 
Kruidk. Arch. 3, I, 500). - On branches of Acer dasycal'pum. 
Scheveningen, May 1895. 

8. lJictyospot·ae. 

OAMAROSPORIUM SchuItz. 

*CAMAROSPORIUM DASYCARPI Oud. n. sp. - This name should replace 
that of Camarosporhtm Aceris dasycarpi, used in the Ned~ Kr. Arob. 
3, I, 501 and in Hedwigia XXXVII (1898) p. 179. On the 
branches of Acer dasyca?']Jum. - Scheveningen, May 1894. 

*CAMAROSPORIUM ILICIS Oud. n. sp. N. K. A. 3, I, 502 and Hedw. 
XXXVII, 189R, p. 179). - On the brancbt's of Ilex Aquifolium. -
the Hague 1894. 

*CA1IfAROSPORIUM PERICLYMENI. Oud. n. sp. N. K. A. 3, I, 502 and 
Hedw. XXXVII, 1898, p. 179. - On branches of Lonicera Peri
clymenum. - Scheveningen, Aug. 1894. 

66. CAMAROSPORIUM TANACETI Oud. n. sp. - On the stems 
of Tanacetum vulga1·e. - Nunspeet, Febr. 15, 1899; Mr. BEINS. 

Peritheeia nUIDt>rosa, epidermide velata, nune inordinate spal'sa, 
tune vero in series lineares digesta, inter peridermatis lacinias ruptas 
prominentia, semiorbicularia vel anguste-elliptica, glabra, nigra, 1/2 

mill. in diam. Sporulae suborbiculares, elliptieae vel late ovatae, 
vulgo 14 X 9 p, quadriloculares, loculo aIterutro intermedio septo 
longituàinali, perpendiculari vel declivi, diviso. 

'Yj. Sc 0 l e cos pOt' a e. 

SEPTORIA. Fries (emend.) 

67. SEPTORIA CAPSELLA.E Oud. n. sp. - On the dry and 
nearly decayed leaves of Oapsella Bur.'1a pastoris. - Apeldoorn, 
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July 26, 1899; Oud. - Perithecia minima, den se congesta, nigra. 
Sporulae cylindricae, rectae, curvatae vel flexuosae, hyalinae, ad polos 
rotuudatae, quadriloculares, maturae 50-60 X 21/ 2-31/ 2 ft. 

68. SEPTORIA CONORUM (Sacc.) Oud.; Phoma Conorum Sacc. 
Mich 1I, 615; id. Sy11. lIl, 150. - On the cone-scales of Abies 
excelsa. - Forest of Bloemendaal, Maart 12, 1900; C. J. J . "VAN 
HALL. - Perithecia innato-erumpentia, globoso-depressa, astoma,jure 
crassiora, carbonacea, nigra, nucleo gliseo. Sporulf:te fusoideae, rectae, 
10-14 X 2-21/ 3 ft, primitus 1.guttulatae, postremo septo transverso 
in partes 2 3.p.quales divisae, basidiis sporis duplo longioribus, post 
lapsum sporularum uncinatis (PI. IV, fig. 10). 

69. SEPTORIA JAPONICAE Oud. n. sp. On the leaves of 
Evonymus japonica. - Naaldwijk, 1867; the late Dr. J. E. "VAN 
DER TRAPPEN. 

Maculae pallescentes. Perithecia amphigena, inordinate distributa, 
dense congesta, primo epidermide velata, postea promiuentia et 
epermidis ruptae laciniis dentiformibus erectis circumcincta, nigra, 
p. m. mic,llltia. Spol'ulae breve-fusiformes, 15 X 4-5 ft, hyalinae, 
continuae, rectae, eguttalatae, anguste ad polos rotundatae. - Differt 
a Sept. Evonymi japonicae Pass. (Sacc. Syll. lIl, 482) sporulis 
latioribus (15 X 4-5 contra 12-13 X 2.5 fl) et linea alba orbiculari 
ad verticem peritheciorum abselltia (PI. IV, fig. 11). 

70. SEPTORIA OBESISPORA Oud. n. sp. - On the leaves of 
Galystegia sepium. - Nunspeet, Aug. 15, 1898; Mr. BEINS. 

Maculae quoad formam et dimensiones admodum variabiles, soli
tariae vel confluentes, rufescentes. Perithecia epiphylla, minima, in or
dinate distributa, nigra. Sporulae bacillares, rectae vel curvatae, imo 
nonnumquam geniculatae, hyalinae, ad polos rotundatae, plurisep
tatae, loculamentis omnibus uniguttulatis, 23-28 X 4-5 ft. - Differt 
a S. Convolvuli Desm. sporulis multo crassioribus (23-28 X 4-5 ft 
contra 35-50 X 1.5 ft); a S. Calystegiae West., sporulis brevioribus 
(23-28 X 4-5 contra 36-45 X 4-5 ft), tandem a S. flagellari 
Ellis et Everhart sporulis bre'\"ioribus et crassioribus (23-28 X 4-5.u 
contra 35-44 X 1.5 ft). I (PI. IV, fig. 12). 

RHABDOSPORA Montagne. 

71. RHABDOSPORA ERYNGICOLA Oud. et Sydow n. sp. - Septoria 
eryngicola Oud. et Sacc. Sy11. Addit. ad. vol. I-IV, p. 345, sub. 

23 
Proccedings Royal Acad. Amsterdam. Vol. lIl. 
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no. 298; Saee. (Sy11. X, 367, sub 108). - On the stems of 
Eryngium maritimum. - Scheveningen, Oet. 1892. 

Internodia albido-palleseentia peritheeiorum numero notabili obdueta, 
quorum maxima 1/4 mill. in diam. habent. Perithecia nigra, primitus 
epidermide velata, postea vero exposita, vertiee perforata. 8porulae 
curvatae, continuae, eguttulatae, 28-30 X P/2/-l. 

Though Septoria Eryngii Pass. (Fghi. Parm. 8eptoria- no. 57 and 
Sace. 8y11. lIl, 532), by Professor SACCARDO and myself had formerly 
been declared identic witb Septoria eryngicola Oud. and Sacc., it 
will now appear to me thai this view was contrary to the nature 
of the faets, as Septoria El'yngii not only attaeks the leaves of 
Erynqium campestre, but as moreover its spores get na longer than 
20-25,u. 

Everything weIl considered, it seems to me tbat Septoria Eryngii 
West. (Not. V, 31) with its straight spares of 50 X 21/ 2 /1. belongs 
to Eryngium maritimum, and that Septoria eryngicola Oud. (= 8. 
Eryngii Pass. 1. c. = S. eryngicola Oud. et Saec.), with its straight 
or curved spares of 25 X l-P/2/-l, is exclusively found on the 
leaves of El'. campestre. - Rhabdospora Eryngicola Oud. et Syd. 
then represents a third species proper to Er. maritimum, whose 
curved spores of 28 - 30 X 21/z,u, keep tbe middle between th ase 
of tbe two other species mentioned just now. 

72. RHABDOSPORA MILLEFOLII Oud. n. sp. - On tbe stems of 
.Achillea Millefolium. - Nunspeet, May 21, 1899; Mr. BErNS. 

Peritheeia numerosa, densissime congesta, solitaria vel confluentia, 
in series longitudinales, caulium sulcos implentes, lJoales('entia, semi
globosa vel a latere compressa et hinc cristiformia, glabra, nigra, 
primitus epidermide velata, denique eÀposita et centro perforata, 
mill. l/s-1/2 in diam. Sporulae bacillal'es, l'eetae vel eurvulae, ad 
polos rotundatae, primo 3-, pos tea 2 guttulatae, cOlltinuae, hyalinae, 
91/ s-11 % X 21/s ft, bflsidiis aequilongis vel longioribus suffultae 
(PI. IV, fig. 13). 

Diftel't a Rh. Achilleae BresadoJa (Roum. Revue Myc. XIII, 
1891, p. 30 et tab. CXIV, fig. lXi Sacc. Sy11. X, 394) peritheciis 
multo majoribus et sporulis bis minoribus. 

73. RHA'BDOSPORA TANACETI Oud. n. sp. - On the fltems of 
Tanacetum vulgare. - Nunspeet, April 7, 1899; Mr. BEINS. 

Perithecia gregaria, punctifol'mia, epidermide velata, nigra, soli
diuscula, 90-120 ft in diam. Sporulae filiformes, hyalinae, rectae, 
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curvulae vel p. m. flexuosae, 3-septatae, sub lente multum augente 
neque guttiferae, neque protoplasmate granuloso farctae, 50-60 X 2 ft. 

CYTOSPORINA Saccardo. 

*CYTOSPORINA ABIETIS Oud. n. sp. - On the foremost portion 
of tbe under surface of fruit-scales of Abies excelsa. - Nunspeet, 
April 8, 1898; Mr. BEINS. Cf. Hedw. XXXVII (1898), p. 317. 

74. CYTOSPORINA SYRINGAE Oud. n. sp. - On the branches of 
Syringa vulgaris. - Nunspeet 1898; Mr. BEINS. 

Stromata corticola, immersa, nigra, oblonga, rima longitudinali 
sinuosa exarata, intus in loculamenta plura p. m. completa sporulas
que foventia divisa. Sporulae filiformes, uncinato-curvatae, continuae, 
hyalinae, eguttulatae, 32X2 fl, basidiis filiformibus aequilollgis fultae. 

b. N ectroideae. 

SPHAERONEMELLA Karsten. 

7&. SPHAERONEMELLA WENTIl Oud. n. sp. (Dedicated to Dr. F. 
A. F. C. WENT, PlOfessor in Botanics at the Ulliversity of Utrecht). 
- On the putrefying sterns of Faba vulgaris. - Utrecht, 1900; 
Mr. PULLE, candidate of Pharmacy. 

Perithecia subglobosa, membranacea, mollia, primo alba, deinde 
ochracea, cava, 300 ft in diam., sparsa, in telis putrescentibus immersa, 
rostro concolore subulato circa 900 ft 10ngo coronata. Rostrum e 
filis tenerrimis, primo per totam longitudinem unitis, postremo versus 
apicem rostri relaxatis, solutis, retrorsum arcuatis, compositum. Spo
ruIae, basic1iis brevissimis e mycelio, conceptaculi fundum obtegente, 
sursum tendentibus fultae, maturae decidunt et deinde, in gutiulam 
muC'Ilaginis ope conglobatae, ad orificium rostri apparent. Guttula 
vIscosa, in corpora quibusum in contactum venit statim difRuens, 
dJam. habet 250 ft, et colo1'e albo, uec minus nitore suo oculos allicit. 
Sporulae hyalinae, ellipticae, continuae, longae 7 ft, la1ae 4 ft. 

c. Leptostromaceae. 

LEPTOTHYRIUM Kunze et Schmidt. 

76. LEPTOTHYRIUM BETULI Oud. n. sp. - On the leaves of 
Oarpinus Betulus. - Nunspeet, Nov. 5, 1899; Mr. BEINS. 

Maculae nullae. Perithecia scutiformia hypogena, numerosa, aequa
liter distributa, puncta nig1'a, convexa, rugulosa, lhr;,-lho mijl. in 
dîam. simulantia. Scutula, ex cuticula mutata et atrata formata, itaque 

23* 
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omnis structurae expertia, cavernulas obtegunt minimas, sporulis minu
tissimis (7 X 1 % ft), bacillaribus, vulgo curvatis, continuis, eguttulatis, 
utrimque rotundatis, basidiis aegre distinguendis fultis, repletas. 

77. LEPTOTHYRIUM FUNCKIA.E Oud. n. sp. - On the leaves of 
Funckia ovata. - Nunspeet, Oct. 11, 1898; Mr. BEIN~. 

Maculae nulIae. Perithecia in facie foliorum inferiore p. m. regü
lariter distributa, 1/0-1/4 mill. in diam., nigra, perfecte circumscisso
soluta, ad marginem subtilissime fimbriata, orificio nu11o. Sporulae 
cylindraceae, rectae, ad polos rotundatae, byalinae, eguttulatae,2X1/2fl. 

LEPTOSTROMA Fries. 

78. LEPTOSTROMA. ABROTA.NI Oud. n. sp. - On the sterns and 
branchlets of A.rtemisia Abrotanum. - Nunspeet, 1899; Mr. BEINS. 

Perithecia dimidiata, aequaliter distributa, 1/2-11/ 2 mill. longa, 
primo epiclermide vel peridermate nigrefacto velata, postea exposita, 
1/3-1/2 mill. Iata, astoma, saturate-fusca, opa ca. Sporulae numerosis
simae, hyalinae, continuae, vulgo oblongae vel fusiformes, 7-10X 
2Ifs-3 P, nonnumquam reniformes, 7 X 3.a, semper biocellatae, ad 
polos rotundatae. 

79. LEPTOSTROMA. LONICERICOLUM Rabh. Bot. Zeit. 1846, p. 46 
(nomen tauturn ); Rab. H. M. I, N°. 865; Sacc. Syll. lIl, 647 
(nomen tantum). On the branches of Lonicera Capl'ifolium var. cocci
nea. - Nunspeet 1899; Mr. BEINS. 

Perithecia inordinate sparsa, cutirula tenuissima velata, planocon
vexa, atra, nHida, oblonga, eentro prominentia, ad pol os declivia et 
acutata, 1 mill. longa, % mill. Iata, tandem poro pertusa. Sporae 
oblongae vel fusiformes, hya!inae, continuae, biocellatae, 7X21/3I-t, 
ad polos rotundatae vel acutatad, singulae basidio filiform i tenuissimo, 
sporulis bis ad quater longioribus suffultae. - Internodia perithecii
gera pallescentia, albida vel straminei coloris. 

80. L"EPTOSTROMA. STELL.A.RI.A.E Kirchner, Lotos 1856, p. 204; 
Sace. Syll. UI, 647. - On the leaves of Stella1'ia Holosfea, in 
company with Septoria Holosfeae Oud. - Nunspeet, April 17, 1899; 
Mr. BEINS. 

Species adhuc indescripta. 
Pel'ithecia epiphylla, dimidiata, in maculis pallidioribus foliorum 

exsiccatorum inordinate-destributa, late-elliptica, con vexa, rufo-nigra, 
opaca, 1/2_3/4X1/S-1j2 t-t, epidermide velata, tandem fissura longitu-



- 362 -

( 343 ) 

dinali hiaseentia. Sporulae cylindraceo-fusiformes, 91/s-11%X2lJs-
21/ 2 ft, ad polos angubte-rotundatae, continuae, hyalinae, biocellatae. 

The above description, the first given of this fungus, qualifies us 
to remove it from the list of tbe "Species vix notae" (Sace. SyU. 
lIl, 647). 

SAOIDIUM Nees. 

81. SA.CIDlU:M ABIETIS Oud. n. sp. - In sulco long'itudinali 
mediano faciei Buperioris, et juxta nervum medianum prominentem 
faciei inferioris acuum Abietis gl'andis eultae, puneta nigra numerosa 

approximata offenduntur, quae, oculo armato 

© examinata, vesieulas simulant minimas, omnis 
. strueturae expertes, 60-100 fl in diam. ha-

bentes, eolore dilute fuligineo affeetas, basin 
Sacldlum Abietis Oud versus in p~dieellum brevissimum, quamvis 

amplum, contractas, sporulis singulis basidio filiformi fuItis, repletas. 
Ipsae sporulae numerosissimae, elliptieae, hyalinae, continuae, guttula 
mediana ampla, valde mica,nte, praeditae, 9-13 ft longae, 7-9.5 fl 
latae. - Nunspeet, Sept. 1899; Mr. BEINS. On tbe leaves of Abies 
91'andis. 

82. SA.CIDIUM QUERCUS Oud. n. sp. On the leaves of an Ame
rican species of QueJ'cus. - Nunspeet, April 11, 1898; Mr. BEINS. 

Peritheeia hypogena, caespitosa, orbicularia vel elliptICa, 160 ad 
180 ft Iata, inaequaliter inflata, postremo plana et rugosa, dimidiata, 
elypeata, at1'a, astoma, ad faciem internam basidiis numerosissimis, 
sporuliferis obsessa. Basldia dense eOllgesta, fihformia, 14-182/ s X 
11/6 ft, recta, hyahna, continua. Sporulae bacilJares, hyalinae, continuae, 
Ö X 1% ft. 

PIROSTOMA Fries. 

83. PIROSTOMA. CIRCINA.NS Fr. S. V. Sc. 395; Fuek Symb. 401; 
Sace. Syll. lIl, 653. On tbe leaves and leaf-sheaths of Plwagmites 
communis. - Nunspeet, 1899; Mr. BEINS. 

BadIy known species! 
When eonsulting the different authors who have oeeupied them

selves with Pi1'ostoma ci1'cinans, it is difficult, if not impossible, to 
imagine that their communications regal'd the same fungus, though 
all, for starting point, appJied themse] ves to objects which, although 
denommated dlfferen tly, sueh as Ooniosporium circinans Fr. S. M. 
In, ~57; West. Hel'b. Or. nO. 38; Sphaeria circinans Rab. Kr. Fl. 
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174; Kickx Orypt. des Flandres I, 349; Lambotte, PI, Mycol. BeIge 
II, 240; Pirostoma citcinans Fr. S. V. S. 395; Sacc. SyIl: IU, 653; 
Fuck. Symb. 401, - were notwithstanding considered by all of them 
as no more but synonymes. 

Indeed, while some (Fries S. M. lIL, 257; Rab. Kr. F1. 174, 
Lambotte F1. Mycol. BeIge II, 240) make mention of a Sphaeriacee, 
possessing "giobuiar perithecia perforated at their summit", nay 
even "asci and paraphyses" (Fr. S. V. S. 395 j Kickx 1. c.; Lamb. 
1. c.), others wish the fungus to be allowed but an inferior rank 
among the Sphaeropsideae, to which asci and paraphyses are wanting 
(Fuck. 1. c.; Sacc. Syn. lIl, 653). W.A.LLROTH, who endowed our 
fungus with the name of Sphaeria stigmatella (Flora Orypt. lI, 786), 
ascribes it "very sm all, slightly-giobose perithecia which are ciosely 
pressed against the plant", while FucKEL, adopting' -the nomen
clature of FRIES, declares notwithstanding: »lch kann mir-ueber 
den Bau dieses Pilzes noch kein klares Bild entwerfen." The char
acteristics of the genus he passes by, but admits that the species has 
globular, brown stylospores of 12 ft diameter, concealed under a 
lengthwise stretched peltate perithecium. -

The supposition that the different authors have possibly devoted 
their illvestlgations to two different species, may be represented as 
acceptabIe, still it ought to be rejected, when considering' that as 
weU FRIES, who introduced the name of Coniosporium, as R.A.BENHORST 
KWKX and L.A.~1BOTTE, who served themsel yes of the expression 
Sphaeria to elucidate their divergent opinions, refer all to N°. 330 
of the "Plantes Oryptogames du Nord de la France Ie Ed. (Ao. 1828)", 
which - as is proved by the words added to the name of »Piro
stoma circinans": »FRIES, in Iitteris", sent to the renowned mycologue 
to be verified - shows neither perithecia, nor asci, nor paraphyses, 
and which, moreover, consists of nothing else but very small, flat, 
perfectly sterile shields, not unlike those which are characteristic of 
the genus Leptothyrium. 

The specimens of Pirostoma circinans, published hy FucKEL in 
his Fungi Rhenani under N°. 791, not without the synonymes 
Ooniosporium circinans and Sphaeria circinans being added to the 
chief name, differ in no single respect from those of DESM.A.ZI:fuRES, 
while these, in their turn, cannot be distinguished from those of 
the "Herbier des Cryptogames Belges" of WESTENDORP (NO. 38). 

The specimens collected in Holland of Pirostoma circinans, for the 
greater part in excellent condition, deviate in no single respect 
from those of: 
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1. DE SM.A.ZIÈRE'S Plantes Cryptogarnes du Nord de la France, 
Ie Ed., No. 330 (Coniosporium); 

2. R A.BENHO R ST'S Herbarium mycologicurn, 2e Ed. No. 59 
(Coniosporium) ; 

3. RA.BENHORST'S Fungi Europaei, Nos. 1031 en 2700 (Piro
stoma) ; 

4. WE S TEN DOR p's Herbier Cryptogamique BeIge , No. 38 
(Sphaeria) ; 

5. FucKEL's Fungi Rhenani, No. 791 (Pirostoma); 

6. ROUMEGUÈRE'S Fungi gallici, No. 1082 (Pirostoma) ; 

which means, that tbe microscopie investigation of all these eollect
ions may be considered as to be described in tbe following lines. 

Pirostoma circinans, a fungus, hitberto found nowbere but on the 
sterns and leaf-sheaths of Phragmites communis, appears at macro
cospic examination in the shape of stripes, dots, or rings (whence 
the name of circinans), of more or less length, circurnference, or 
diameter, which are first hidden uuder the cuticula, but later throw 
off that membrane and then show a brown tint, which in older 
objects inclines to black and, when struck by sunlight, displays 
more or less gloss. 

When examined with the microscope, tbe black portions show a 
finely granulous surface, which has probably given cause to the 
mentioning of an "accumulation of very minute, densely crowded 
perithecia", wbich expression is still met with in some authors. We 
must directly add, however, that this conception reposes on an error, 
and that in Pi1'ostoma tbere are found\ no perithecia at all, and ac
eordingly neither asci anel paraphyses. 

A single granule, subjected to microscopie examination, presents 
itself as a low, dome-shaped body, or, in other words, as a plane
convex (hollow) lens, of which the convex side is turned toward 
the spectator, while tbe flat one reposes on the object which bears 
the fungus. The convex side is composed 'of extremely minute b10wn
up eeUs, which, seen in front, are 21/3 to 42/ 3 {.l wide, and angular, 
and have tbis peculiarity, that the black colour proper to them and 
on which depends the dark appearance of the stripes, dots, and 
rings, proves to be limited to that outerside, whilst the side-walls 
and the iuner-waJl are wholly devoid of it. Add to this that the 
eo10ured side in the middle, or close by, shows an extremely smaIl 
hole at the bottom of a superficial impression, and that this hole 
has the appearanoe of a brilliant point because it allows the eye 
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to penetrate into the colourless back wan of the ceU and Înto the 
colourless tissue behind it, - then it can hardly be denied, that 
thIS concurrence of facts can give rise to the conviction that no better 
name than that of Pirostoma (derived from the Greek words nsl(!(j) 
to pierce, and (l1;ópa mouth or opening) could have been chosen 
to indicate the properties, which we have above drawn attention t~. 
Still there is no doubt that FRIE~, whose diagnoses sprung fr om 
researches with no other instrument but the magnifying-glass, cannot 
have been acquainted wiih the finer structure sketched by us just 
now, whence it follows i hat in giving the name of Pirostorna to 
objects quite like to those WhlCh we examined ourselves, he will 
have been led: not by examilling the cells of the small granulous 
corpuscula. but by the black spots themselves, at which we, ho wever, 
never ohserved anything like an opening. For tbe rest we repeat that 
the presence of "f,porae ascis linearibus paraphysophoris receptae" 
has neither been found true hy ourselves, nor by FUCKEL, nor by 
SACCARDO, so that the fungus, endowed by FRIES with the name of 
Pirostoma circinans, has remained a riddle to us. The mformation 
of KWKX and LAM.BOTTE, of whom the latter dId nothing but simply 
copying tbe formula produced by the former, and that imperfectly, 
too, cannot I elieve our embarrassment, as they refer their readers 
to tho dried objects of WrsTENDoRP, at whJCh nothing can be dlS
covered of what they describe; on the contrary, everythlllg COl'
responds wlth what we have found in our own specimens. 

Aftel' mature con'llderatlOn, Pi1'ostoma circi/~ans appears to us a 
preliminary, steIile condItion of a hIgher form, and allied to the 
genus Leptotkyriurn. SACCARDO gave the fungus a place among his 
l)Leptostromacoae phaoosporae', no doubt because FucKEL had ath'i
buted to It "globular, browmsh stylospores", still we can attach no 
value to this view as it is completely contrary to the experience 
acquired in the investigation of FucKEL's exsiccata. 

All those who attnbute to Pirostoma circinans au ostiolum, asci, 
SpOI es, and paraphyses, seem to have examined some or other 
Pyrenomycete, accldentally got among the shields of Pirostoma or, 
wIthout previous researGh, to have copied the mycologue of Upsala, 
or one another. 

d. Excipulaceae. 

DISCELLA Berkeley et Broome. 

84. DlSCELLA BERBERIDIS Oud. n. sp. (Discella Grossulariae Oud. 
Ne~. Kruidlc. Arch. 2, V, 506). Aftel' it had appeared to me that 
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the branch let on which I had found the above mE'ntioned Discella 
had not belonged to Ribes Grossularia, but to Berberis vulgaris, the 
fin,t chosen name had of course to be changed. 80 I here redress 
the error committed while ca1ling to mind that the diagnosis of the 
fungus ran as follows: 

Maculae circulares nigrae numerosae, 1/10-% mill. in diam., mi
cantes; primo neutiquam, pO'3tremo parum prominentes, e cellulis 
peridermatis, pseudoparenchymate nigrescente repletis, formatae, foveas 
minimas, in parencbymate cortlCah abscondItas, operculi ad in star 
occlud unt. Foveae, sporulal um glebula coloris mellei repletae, peIi
theciorum locum tenent opelCuloque scutiformi perforato vel delapso 
late patentes, contenta amittunt. Sporulae bacü]ares, rectae vel sub
curvatae, ad polos rotundatae, biloculares, separatim visae fere hyalinae, 
eongestae vero manifeste ml'llae, 7-10 X 2-3 ft. 

(To be contlmted). 

Mathematics. - "On the MACMARON ,qene1'aUzation of the 
NEWTON-GIRARD fOl'mulae". By Prof. L. GEGENBAUER of 
Vienna (Communicated by Prof. JAN DE VRIES). 

In his treatise contained in the 15th volume of the "Proceedings 
of the London Mathematical 80ciety" "On Symmetrie Funetions and 
in partieular on eertam Inverse Operators in eonneetion therewith" 
MACMAHON has deduced wlth the aid of differential operators the 
relations 

mmm m ('I'+m)! 
S - 11 S + -In S - ... + (-l)r -IrS =(-l)r f m+r m+r-l J'N m+r-2 Jl m r! m! m+r 

where Sk denote those symmetrie funetions of dimension k in the 
n quantities Xh X2, ••• ,xn in which every term eont,lÏns i of these 
quantities, so that in partieular S: is their elementary symmetrie 
function fl and sl the sum of their kth powers. 

These relations forming an interesting generalisation of the NEWTON
GIRARD formulae, were proved anew Romewbat later by LACHLAN 
in his paper »On eertain Operators in eonneetion with Symmetrie 
Functions" published in the 18th vol. of the same" Proceedings". Other 
deductions of these formulae have as yet not eaught my eye; neither 
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are any others mentioned in the article referring to it of the 
nEncyklopädie der mathematischen Wissenschaften" (Teil I, Bd. I, 
p. 449-479). However, it being not impossible, that one might 
wish to read about these relations in the elementary algebraic lessons, 
where either no use can or will be made of the differential operators, 
I will communicate in the following lines a proof founded upon 
another completely elementary basis, which has moreover another 
advantage of being entJrely analogous to the other one, which is 
usually given for the special case m=l (NEWTON~GIRARD formulae). 

1. The NEWTON ~GIRARD formulae are generally deduced by 
comparison of the coefficients of the different powers of x in the 
two members of the equation 

. . . . • (1) 

-
where f (x) is a polynomium of degree n and Xl, X2, ••• ,Xn are its 
roots. For the sake of simplicity we shall take the coefficient of 
XII equal to 1. This proof is based on the double representation of 
the first derivative of a polynomium. In quite an analogous way 
the general relations can be found by means of a double represent~ 
n.tion of the mth derivative of sueh a polynomium. 

By differeniiating the eq uation according to Xl we obtain 

or with the aid of (1) 

>=I 

I" (x) = ~ 11 (Z; ZA) 
"=1 

, A, f/=7I 1 (:ç) A, f/=7I ( > ) f' (IV) = ~ = 2 12 (3' j teA, a',..) J. <ft . }" ,.=\ (al-X},) (x-X,..) }" f'=l 

By successive differentiation we arrive at last at 

N ow we find that 
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- 11 (a: + XA + ... + :rA ) + 12] .:cn- m- 2 + 
A, 2 '" 

• • • • • • • 4 • • • • • • • • • • • • • • • 

Effeeting in ibis equation tbe indieated summation aecording to 
the quantities Àl' À2 •••• ,Àm, we find that of every single term on the 

right side n ! terms are formed; amongst the group of those, 
(n-m) ! 

whieh form the eoeffieient of xn- m- p-", eaeh term neeessary for 

the representation of the symmetrie function S~t.. presents itself 

(n-q) I m! 

( 
Î , times alld so we obtain the relation 

n-m) . (m-(J) . 

(m) 
f (.v) 

n I n-m r-=n-m 
'--- X + ~ .vn- m-" 
(n-m) I -=1 

['2 (n-k)! m! (Sk _ f fi +!: Sk - ••• + (_l)a-Tc r .. -kSTc)l 
1=0 (n-m) I (m-k) I" 1 r-1 2 "-2 Tc ~ 

when we substitute 

This leads to the relation 
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(n-6) I l=m. (n-k) I m! k . lc .' 
(-1)" 1 .. = :2 (S -lIS + 

(n-m-l7! 1=0 (n--:-m) I (m-k)! .. - .. -1 > 

whieh ean be writteÎl as follows 

_ (-I)m+r ~ (n-m-T) I 1=m-l ('I1---:k)! 1n! 
- Im+r- JE . 

mI (n-2 m-r) t 1=0 (n-m)! (m-k)! 

by making 17 = m + rand by séparating the term for k = m on the 
l'ight side from the sumo . '0.' 

. , 

2. Now, if the MACMAHON relation exists for all the values 
of the superior index from 1 to in~l inclusive, this equation trans
forms itself into 

S m f Sm +!J Sm I ( 1)'J: Sm - , - ••• -J-, - 1 r = m+r 1 m+r-l, 2 7IIfr-2 . , m 

(- L)m+rj (n-m-T) I l=m-I , (n-k) I m! (m+r)! ~_' = - 2 (_I)k Jm+r' 
m! (n-2 m-r) I 1=0 (n-m)! (m-k)! (m+T-k)1 kl , 

whieh by introduction of the symbol 1) , 

A ma m(m-l)Ä(I..-I) 
cp (m, ,n) = 1 - I! n + 21 n (n-l) ( ) 1 

(n:"- m) ! Ä ! + -l m- -':""'--
.. , ',' n!(À-m)! 

takes the form of 

1) In relation to the facts suppOsëd to be known before the demonstratioll is entered 
upon with a view to the previously mentioned nim, we remark .that the circumstnnce 
of qJ Cm, À, n) being finite hypergeometrie series with unity ns fourth argument nt 
infinity is not mnde use of. . , 
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(_I)m+rl (n~m-r)! '. (m+r)! n!' . j 
--- -=------ +( -l)m - cp (m,m+r,n) fm+r(2) 

m!/(n-2m-r!) .r! (n-m)! . , 

3. Wefind at on ce for tbe functioncp (m, Ä, n) the ~quation 

. Jo 
cp (m + I, À,ll)= cp (m, Ä, n) - - cp (m, À-I, n-I), 

.' . . n' 

by which it is entirely determinated for all the values of n>], if 
moreover . the equation 

is' added. 
The q uaIItity 

cp (0, a, (1) = 1, 

(n-m)! (n-À)! 

, n! (n~m-À)! 

satisfying tbe same functional equation and having likewisefor 
m = 0 the value 1, we' Bnd 

, . , (n-m)! (n-À)! 
, (p (m, À, 11) = (n-m-Ä)I nl .' 

which equation holds good, as is easely shown, as long as 11. > m, 
when fOl' 11. < m + À the rightside is replaced by nought. ~articular 
attent ion is dràwn to the fa ct, that 11, mand 'A are supposed to be 
integers. . ' .. 

4. Ths equation, (2) therefo~e tl;ansforms itself into thc following 

In mmm '(m+r)' 
S ' -j S' . ",' + .f S - +(-l)r-l' S - (~l)r . f' 

m+r 1; m+r-l J2 m+r-2. ••• . Jr m - .ml r! m+r 

. , 

which ,teacbes us, that tbe MACMAHON relations are true for a 
definite ,m for any integer value of l' and for 11 > m + 1', if tbey have 

already been proved for all the minor values of m.Tbis beil1g the 
case, according to ths NEwToN-GmARD formulae for m= 1 theyexist 
in genera!. , 

It would be difficult to give a demonsh'ation of these relations 
more simple in conception. 
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Bacteriology. - 11 On different forms of hereditary variation of 
microbes". By Prof. M. W. BEIJERINCK. 

The interesting lecture of Prof. HUGO DE VRIES in the last meet
ing of the Academy on the origin of new forms in higher plants, 
induces me to drawattention to some observations regarding the 
same su~ject in microbes. 

Tbough the culture of microbes, compared to that of higher plants 
and animals is subject to !flany difficulties, it cannot be denied 
that, these once mastered, microbes are an extremely useful material 
for the investigation of the laws of beledity and variability. The 
starting from the single individual, which of course is required here, 
is commonly almost as simple as for the higher organisms, and it is 
want of practice only which makes it appeal' so troublesome. The 
generations succeed each other quickly; huudreds, nay thousands of 
individuals can be very easily surveyed in their posterity; far remote 
classes of the natural system are represented by microbes; in many the 
variability is great 1). Even the difficulty of df'termining the species and 
varieties, which is frequently only posslble by means of biochemical 
investiga.tion, can become an advantage, for the very reason that 
biochemical methods of distinction are very accurate, can be extended 
in various directions and compared by measurement. Thus the species 
and varieties of lactic-acid fermf'nts are distinguished by titration, 
alcohol ferments by means of the saccharometer, while different 
carbohydrates can be selected as the base of lactic-acid aud alcohol 
fermentation. To all this is added the circumstance that it is ea':ly to 
perform with microbes experiments of competion, which is difficult or 
impossible with higher plants and animalR, and it is well-known how 
delicate the- distinctions are which are tbereby revealed. 

In comparing the results obtained with microbes to the rul es found 
in higher organisms, account should be kept, flrst, with the want 
of sexuality, by which the variatlOn of microbes becomes compal'a.ble 
to the bud-variation of the higher plants, and, second, with the uni
cellularity of the microbes. As ta the flrst point the experiences with 
the bud-variants of higher plants seem to prove that an essentIal dif
ference between bud-variation and seed-variation does not exist. As ta 
the uni-cellularity of the microbes, it is my opinion that by it the phe
nomena of variatlOn are rendered clearer but are not changed, when 

1) Compnre RODET, De la variablllté dans les microbes, Paris 1894 Blbliogr.lphy 
wants in thlS book und not all data are trustworthy. 
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compared to the multi-ceUular orgallisms. According to the point of 
view, the individual microbe can be compared to the whole indi
vidual of the higher organism, or to a single tissue-ceU of it, -
both comparisons are correct 1). 

1. Degenemtion. 

In bacteriological laboratories it is weU-know that by prolonged 
culture many microbe'! undergo slow, but great changes, even in 
bO much, that certain long rontinued cultureb do not agree any more 
with the descriptions giv(ln of them by the discoverers, short af ter 
their first jsoJatjon from nature. In some cases the way in which 
the change takes place can be rather minutely traced; three forms 
of variability are therein more salient: degen eration , transformation 
and common variation. 

A Apecies is isolated from nature and it is found that at the 
culture during the first series of inoculations, in which hundreds 
or thousands of cell-generations succeed each other, it develops weIl, 
so that in the beginning the impression is obtained of a thorough 
knowledge of the nutrition and other conditions of life. But by and 
by it becomes more difficult to make the new inoculations thrive and 
at lac:;t the culture-material grows troublesome and uninteresting and 
would be quite unrecognisable if not the various phases of the 
degeneration-process had been exactly observed. Prolonged cultivation 
above the optimum temperature of the growth, and a too stroug 
concentlation of the nutriment are in some cases the cause of degener
ation. In some microaerophilae, for instanee thc bactery of the 
"lange-wei" (St1-eptococcus hollandiae) 1), the irrational regulation of 
the oxygen tension causes a rapid, in few days complete vanishing 
of the slimeformation; while af ter a much longer time, by the 
same cause, the vegetative power of the bactery completely disappears. 
In other cases, for instanee witb a phosphorescent bactery, very 
common in the sea (Photobacter degenemns FISCHER), the degener
atioll is accomplished without known cause, anJ in a vel'y short time, 
so that, within a few weeks the cultures may cease to exist. The 
degeneration goes not by leaps but continuously and affects all the 

I) An l\ltere~ting VIew 11elewIth oonneoted IS found lil WHJTMAN, The inadequaoy 
ot the oell-theory of developrnent. BlOlogionl LeotUles at the Vl'ood's Holl LaborntorYI 
1893, pag. 105, Boston 1894. 

~) Used in Holland for oheese-making. 
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individuals in culture equally, so that it cannot be checked by 
colony -seleotion. 

2. Transformation. 

At the transformation all the individuals brought in culture lose 
a characteristic, while cither anotber C'omes in its place, or a new 
characteristic arises, or, lastly, the charactelÏstic disappears without a 
distinct substitute. Thus the cultures of Photobacter l1.tminosum grow 
dark in the course of some _months hy a slow process of transform
ation, whereby they change into a more rapidly growing form, 
which acts more strongly on the nutriment than the normal form. 
Here, thus increase of vegetative power has supplied the decrease 
of phosphorescenre. 

It is remarkable that the transformation in this phosphorescent 
bactery sometimes suddenly ceases and is replaced by a process of 
variation where, beside a completely dark form (the variant), the 
phosphoresC'ent form with the full primitive phosphorescent power 
again springs up. This is not the same as common atavism, where 
the stock which throws off the atavist does not change further, but 
it is probably comparable to the splitting of a bastard into the two 
componelJts. Very slow cell-partition, caused for instance by culture 
at a low temperature, furthers this phenomenon. On the other hand, 
thc cause of the transformation may be a too rapid process of cell
partition in which the photoplasm, which srems to grow more sIowly 
than the rest of the protoplasm, remains behind in its development. 

In another phosphorescent bactely of the sea, common on our 
coast, Ph. hollandiae, I hitherto only saw transformation, so that 
this species quickly disappears from the cultures as a phosphol'escent 
bactery. 

In a pigment bactery (Bacillus viridis) I saw, apparently without 
any othel' change, the at first very strong power of liquefying 
gelatin, by and by get lost in all the individuals. 

On the other hand, I have seen in same vibrions, in a cOrl'e
spon ding way, from non-gelatin-liquefying individual" co me forth 
liquefying ones. 

The new forms, thus calleel into life give, at superficial examin
ation, quite the impression of new comtant species. They cannot, 
ho wever, be valued as such as they differ only by one or very few 
characteristics from the mother farms. This is the cause why they 
must be classified as variants, quite like those of the following ca5e. 



- 374 -

( 355 ) 

3. Oommon val'iation. 

The third and most frequent form of variability is common 
variation. Here the normal form continues unchanged, but nowand 
then throws off individu als, the variants, which, from the beginning, 
are likewise constant and rem aiD so, but which every now and 
then again throw oif other variants, among which the normal form 
may occur as an atavist. These variants probably correspond with 
many well-known so-called varieties or races of culture plants and 
domestic animais, and likewise, I should think, with the interesting 
new forms obtained by Prof DE VRIES from Oenothera lamarckiana 1). 

They remind us in some respects also of the Pleomorphy in the 
Fungi, which especially in the Ustilaginae, can easily be observed 
in the laboratories and about which, in particular BREFELD, has 
made many researches 2). 

The names variant and sub~vari~nt I have chosen, because in the 
here discussed products of hereditary variation, which differ appar
ently very much, bui in fact only httle from the normal form, I 
think to see the lowest degrees of the natural system following above 
the individual, and to them are given those names according to the 
rules of botanie nomenclature 3). 

Regarding tb.e di visions above the species, DE C.A.NDOLLE does not 
think it necessary to give definitions, in whirh I quite agree with him. 
But singularly enough he does try to do it for the mnks bentJath 
the species, where he takes the greater or lesser. constancy at 
sowing as a eriterion for the differenceE.. This is not logical, here 
too, definitions arc unneressary. 

Probably various ca us es give rise to the production of variants. 
Lengthened growth at insufficient nutrition, and thE' prolonged action 
of the own secretion products of the microbes may, with some 
probability, be considered as such causes. 

The variant seerns seldom, perhaps never, hy one single cell~ 
partition to result from the mother-form, but only aftel' some inter
mediary partitions, rapidly accomplished. With these latter pal'titions 
con'espond the sub~variants, with a disposition for atavism or further 
variation, and only keepable by colony-selection. 

I) These PlOceedine;s. Meetmg of 29 Sept. 1900 pag. 246. Comptes rendus. T.131 
pag. 124 en 561, 1900. 

2) Botani.sche Untelsuchun~en ubel Refenpilze. Heft 5, 1883. 

J) A. DD CANDOLLE, LOlS de Ja nomenclllture botanique, 2e Ed. pag. ]5,1867, and 
Nouvelles lem.trques, pag. 48 and 63, 1883. 

l'rocecdlllgs H.oyal Acad Amstordlllll. V 0 1. Hl. 24 
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I will now describe same instances of common variation; first a 
few cases of the originating of hereditary-constant variants, which 
seem unable to return to the stock, then the more eomplicated case 
of constant and variabIe variants, among which some with a great 
disposition for atavism, which case I have nearer investigated in 
the West-Indian phosphorescent bactery and its relatives. 

I might augment these instances with many more,~ for most of 
the microbes with wbirh I occupied myself for a length of time, 
produced in my cultures more or less hereditary-constant variants. 
Extremely variabIe are the mycelia of the Fungi, for wbich I refer 
to the complicated relations of the aethyl acetate-yeast, which I 
described and demonstrated in 1895 1), and where transformatioll and 
common variation both occur. 

4. Variation in Schizosaccha'j'omyces octOSp01·US 2). 

This curious maltose-yeast I detected in 1893 on -dried orient-fruits 
as currants, dates, raisins, and figs. I found a good method to 
separate this species from the other microbes, by which it is possible 
as of ten as desired to bring it from nature into culture. It proved 
to be a generally spread organism, which is found in Greece, Turkey, 
!taly, Asia Minor and Java in one and the same variety. Af ter many 
isolations I found in 1897 3) a new variety on dates from N.-Africa. 
The culture is effecteu iu the like way as of beer-yeast on wort
gelatin. Maltose, like glucose and levulose, undergoes a vigorous 
alcoholic fermentation, cane-sugar not at all. 

As weIl the usual form as the new variety produce 8-spored spo
angia, the spores of whieh colour intensely blue with iodium. During 
the growing a small quantity of diastase is seereted. The vegetative 
condition whieh precedes the spore-formation, as also the vegetative 
variant, which produces no more spores, of whieh more below, 
multiply by partition (not as in other yeasts by budding) and eolour 
ye110w by iodium; ~lyeogene wants completely in it. Àecordillgly 
it is possible, by treating a culture with iodium, from thousands 
of colonies, instantly to recognise those eontaining spores, and from 
the intensity of the blue eolouring with some celiainty to make out 

1) Handelingen van het 5e N atuur- en Geneesk. Congres te Amsterdam pag. 30 I, 1895. 

2) Centralblatt fur Bacteriologie Bel. 16 pag. 49, 1894 and Ibid. Abth. 2. Bd. 3 pag. 
449, 1897. ln 1897 I put t1IC variant on a level with a "vegetativc race", but as I 
now think, in doing so I rated its systematic vnlue too high. 

3) Together with a new quite different species of Sclzizoaaccft,aro1ltl/cea. 
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the number of spores present. The variety of dates differs from 
the main form by the sporangia of the latter being e1lipsoidal and 
thickest in the middle, while in the variety, on the other hand, they 
are just in the middle constringed, and moreover by several other little 
salient characteristics, which only become discernible by practic€'. 

Both, main form as weU as variety produce, as the cultures grow 
older, a variant so mueh deviating from the normal forms, that, if 
these variants were met with in nature, they would celtainly be 
procIaimed a new species if no new fl;enus. The eeUs are globular, 
and not as in the normal form elongated, but the muJtiplication 
is here also exclusively effected by partition. Spores are not at all 
formed. 

This variant springs, so far as I have been able to find out till 
now, at once form the normal form, which for the rest propagates 
unchanged, and can constantly anew throw off the variant. The 
first variants are faund in cultures which have eontinued growing 
a few weoks without re-inoculating, and they go on some time 
multiplying on the nearly exhausted culture medium, aftel' the 
Dormal farm does na more do sa. Thi8 points to a gain of vegetative 
power, at least in the conditions that prevail in the aId culture
medium, but in new nutriment I eould obberve nothing of this 
differenee. 

Tbe variant aftel' repeated re-inoculation, at present already during 
more than three years and consequently aftel' thousands of cell
generations, has remained perfectly constant; never could even a single 
sporangium be faund, which, with the help of the iodium reaction, 
can be seen at a glance in the microsrapic pl'eparation. Whether in 
the variant the faculty of formi;!g spores continues latent is possible, 
even probable, but not proved. 

In thc variety, isalated from dates, alsa occur sub-variants, that 
IS intermedIary farms between normal form and variant, while in 
that of currants I have faund na sub-variants. The sub·variants still 
produce same sporangia, mosti)' 8-spored. Without much trouble I 
eouJd isolate from a thousand colonies three sub-variants, belonging 
to two types; both types prov€'d at re-inaculation to be constant, 
but growing older they throw off, in the habitual way, the asporgene 
variant, so th fit, in order to be preserved, they must be pL'opagated 
from the spares. This ean be done by pastenrising the sowing 
material at 55° 0., by whieh the vegetative eeUs die and the 
spores alone sUl'vi ve. 

In continuing this manipulation I have obtained ncw sub-variants. 
Oue of these produces 4- or 8-sporcd globular sporangia aud is at 

24* 



- 377 -

( 358 ) 

first sight a new species. eens and sporangia remind of the vegetative 
variant which sbould have regained the power of producing spores. 
But all the characteristics are limited between those of the normal 
form and the asporogene variant. So that, although this form too is 
hereditary-constant, I cannot see a new variety in it, but only a new 
variant. 

It is noteworthy in this case, that the variants of tue same ge
neration, that is those which result from the same sowing, always 
differ by distinct breaks in the tint of the iodium reaction, and form 
no flowing series between main form and main variant. But I tbink 
this to be the consequence of the limited number of colonies which can 
be overseen at each experiment, and amount to no more than one 
or two thousand,' and th at it will be possible to fill up the gaps 
with sub-variants from other cultures, which perhaps grow rarer as 
thc leaps are smaller. The question why sub-variants are so much 
rarer than main variants, I cannot as yet fuUy answer,' but the 
existence of sub-variants proves that the great and sudden leaps, observed 
in the variability everywhere in the vegetable and anima} kingdoms, 
are no necessary attribute of variability. Furthermore these sub
variants prove thitt even slight deviations may be in high degree 
hereditary-constant 1). 

I 

5. Variation in Bacillus prodigiosus. 

This well-known red pigment-bactery js cultured by me in three 
distinct natural varieties. One of them does not liquefy the 
the culture-gelatin 2), of the two others which do, one 3) has the 
power of causing various carbon-hydrates to ferment under pro
duction of hydrogen, the other not 4) • .All three produce, in older 
cultures, a variant whieh is completely colourless, but' in all other 
respects possesses the properties of the normal form whence it has 
taken birtb, so that there are non-liquefying and fermenting, and 
liquefying non-fermenting colourless variants . .All these variants have 
remained hereditary-constant in my experiments and produce 110 

1) For the more complicated phenomenn of varintion in some species of Saccltal'o
mVC8a, I refer to my paper "Sur la régénération des spores chez les levilres etc., Ar
chives Néerlandaises, Sér 2, T. 2 pag. 269, 1899. 

2) J solated from potatoes grown hollow in the soil and gi ven me by Prof. RITZE:\H Bos. 

S) Isolated fro tn tubercles of red clover. 

4) Isolated from bones kept at the open nlr on the bone-hill of the gelatin- nnd 
glue-factory at Delft. 
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atavists like to the mother form, i. e. red-coloured colonies. There 
is no doubt but, if these variants were met with in nature, not 
accompanied by the normal form from which they arise, they ~\Tould be 
taken for as many new species. Still it would be an error to admit 
them as species into the system, as a more minute investigation 
shows that, except in the power of forming pigment, they correspond 
in all other respects with the normal forms, and one single point 
of difference determines only a variant. 

I doubt by no means that B. prodigio8'llS can also vary in other 
àireetions; this follows already from the faet that I could find three 
very different natural varieties, which all produce red pigment I). 
But I have nnt taken pains to trace other variatiens. 

Sub·variants between the norm al forms and the said colourless 
variants are, or at least seem rarer than the main variants. They 
are rose-coloured and at colony-selection almost aA constant as the 
normal form. They also produce like the latter the constant colourless 
main-variant, and moreover show a propensity for atavism. In each 
natural variety I have found only one or two rose-coloured sub
variants. 

6. Variation in Photobacter indicum. 

This phosphorescent bactery was isolated by Prof. FISCHER of Kiel, 
from seawater in the vicinity of the isle of 8anta Cruz, one of the 
Antillies, on January 10, 1886. I received material of it in May 
1887 and have without interruption cultured it till now. Already 
in J 887 I perceived, that with the growing older of the cultures, 
two main variants urise and even in e,o great a number that the 
normal form can be supplanted by them for the greater part, though 
not quite. One of these is either completely or al most completely 
dark, the other grows much more slowly than the normal form 
and is almost motIOnless, while the normal form is extremely 
motile. I will caU these variants Ph. indicum vnt. obscurwn and 
Ph. indicum vnt. parvum. Later I found some more variants which 
are leas common. There are besidea sub-'Varianta of which I have 
examincd those standing between tbe norm al form and obscu?'um; 
they pro duce now and then atavists, and vary also towards ObScu1'Ztm, 
but can be kept constant by colony-selection. 

1) The red pigment of .8. prodz'gio8U8 is a product of excretion found hetween the 
living anel paltly accumulllted ]U dend bncteria. lt is in my opimon tbe product 
of speeifie chlOmoplasm, which forms a smaIl pllrt of the protoplosm in general. 
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N otwithstanding this gren.t variability it has been possible, likewise 
by means of colony-selection, during the more than 13 years con
tinued laboratory culture, to keep up the stock unchanged, which 
is remarkable, wh en thinking of the place where it was first found. 

The variants and sub-variants always spring from the stock in 
the same way. They ruay be reduced to two types: variabie and 
unvariable. All phosphorescent variants are more or less variabie. 

The variant pa1'vum shows an extreme disposition for atavism, so 
that already aftel' its first re-inoculation on a new culture-medium, 
various normal forms spring _from it. 

The ObscuTum-variants are more constant They are either perfectly 
constant, so that, as it seems, phosphorescent forms never again 
arise from them, (Ir imperfectly, so that aftel' going th:r.ough a few 
rell-partitions, answering to as many sub-variants, the normal form 
returns with the full phosphorescent power. Dark variants, in this 
way producing luminous cultures, prove that progr~§8ive variability 1) 
al80 occurs in the laboratory cultures 

The variant is not the product of a single heterogene cell-partition, 
but of the passing' through some preparatory cell-partitions, answer
ing to as many sub-variants. I was able without difficulty to 
distinguish two of thec::e leaps or sub-variants, but it is possible that 
there are more, too slightly differing for my observation. It is also 
probable that by the cf\nditions of cultu~e, these preparatory cell
partitions, and with them the sub-variants, existing between the 
normal form and the main variant, will grow more or leAS numerous. 

Fig. 1. The Obscu1'um-variant is probably produced 
/:/_< in accordance with the scheme of Fig. 1-

'7? ~ For the sake of simplicity here is only 
" ". / .... figured one intermediary stadium (sub~variant) 

~ -- by the dotted rodi the dark main variant is drawn 
Probable COUlse of develop- • • 
ment of the dalk vauant by black, the normal form whIte. ThlS scheme 
dÎlect heterogenecell.paltit~on answers to what may be called the development 
Ol' evolutlOn. The first partltlon. . • 
produces from tlJe smgleluml- of the cell-Val'lallt by heterogene cell-parbtlOn 
nons baCIllus one of the same, or evolution. 
and anothel' oflessened lumlD- L bbl' h d 1 f th . t 
OSlty. The second paltitlOn ess pro a Je IS t e eve opment 0 e vanan 
Ploduces from the latter ag.ain by transformation or epigenesis represented in 
one ot the same lummoBlty. F' C) 

and another quite-dal'k. 19.... 

1) Distinction can be made between : - retrograding or analytic varinbility, in which 
n characteristic disappears entirely or partIy, - replacing variability, in which a 
characteristic is wholly or pnrtly supplHnted by auotller, - and progressive or synthetic 
variabilitYI in WhlCh a new chmacteristic is added to those already exiating. 
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Fig. 2. Tbe preparatory cell-partitions at the atavism 
X of tbe luminous, normal form from tbe dark 
~ - ~ or feebly luminous sub-variants still liable to 
/ .... ,/ '-" retrogression, probabJy answer likewise to the 

.... ... schema of Fig. 1. 
Less probable ~oUlse of ~eve. If the normal form is indicated by • the 
loproent of vanant by mdlrect. ' • 

hetelogene ceIl.partltion Obscu1'um-Vanant by -, and the parvum-varrant 
/or epigenesis. by +, unreckoned the sub-variants, the pe-

digree of the normal form of Ph. indicum can be represented hy 
Fig. 3. Fig. 3, which means, that at the two first re

inoculations only the normaJ form is produced, 
and that at the third likewise ooscurum- and 
parvUrn-variants have orginated, but from eelIs 
which were subject~d to particular conditions. 
1'he numbers 2 and 3 for the generations are 

Pedigtee of Ph. indicum, 
norroal form. cho~en arbitrarily, for the nu mb er of gene-

rations, af ter which tbe variation occurs, can be regulated at will, 
for by early re-inoculating the young cultures on fish-broth-agar (not 
on fish-broth-gelatin) tbc variation can be kept back for a long time 1). 

For the variant parvum the pedigree becomes somewhat different 
from that of tbe norm al form, there being much atavism (Fig. 4). 

Fig. 4. Thc pedigree of obscurum can, as to the 
"'':;:* constant form, be represented by a single mark . 

•... ::t:::.":i:" _* Thc variable, ooscurum, again produces ata-•... q;:::t?~:~ vists, but less thanparvum, and besides parvum-
•... ::p::;:y+ variants (Fig. 5). 

Pedigree of parvum. 
In these three last bchemes are, as said] the 

sub variants left out. 
Fig. 5. I have not succeeded from Ph. indicum to 
.... ::;;~::~ obtain a perfectly constant luminous form, that 

-"-.... -' -:::::;t" is, one which pro duces no variants, though I have 
---::f':::~":.J. tried for years to do this by selection. It is 
-""~:::;~~;:l evident that the conditions of culture inavoid-

Pedlglee of valiable ably give cause to the rise of variants. That 
obscurum. for the rest the faculty of -varying in a very 

detormined way, is deeply l'ooted in thc nature of the eeU, is proved 
hy the following observations. 

A. few years ago Mr. FISCHER at Kiel again sent me some material 
of Ph. lndicum, which had thus during many years been cultiv-

I) To these relatiou; I hope to refer at another occnsion. 
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Jlted in his laboratory. There was a considerable differenc_e, compared 
to my stock, but tbe normal form and the two variants obscurum 
and parvum, I couid still obtain from it as constant forms by means 
of colony-selection. -

At the examination of numeraus samples of seawater in all the 
seasons, taken near Scheveningen, Bergen op Zoom and den Helder, 
partIy far from the coast 1), I have never found Ph. indicum itself, 
but, even three times, forms which, with a broad conception of the 
species, might be considered as varieties of it, and else as very e]ose1y 
alIied species. I eaU them Ph. splendidum and Ph. splend01' maris. 
Short af ter the isolation aiready they produeed variants, one of which 
is quite dl1rk and muitipiies in such a number that in cultures which 
are negligently re-inocu1ated the normal form, and with it the pho. 
togenie power, wholly disappear. 

Thus, a culture at 22° C. of spZendor maris, going out -from a 
single phosphorescent colony, aftel' being in 12 days six times re
inoculated on fish-broth-gelatin, produced 1800 dark variants on 22 
colonies of the normal form. The culture re-inoculated six times in 
the same space of time on fish-agar did not yet contain any variallts, 
whilst at the 12th re-inoculation on agar their number was also very 
great. The first not further re-inoculated cultures on gelatin, 
which accordingly had only had little opportunity to grow, af ter 12 
days did not contain variants, in accordance with the rule that at 
eessatioll of growth no variability is manifested. 

The parvum-variant also is in Ph. splendidum and Ph. splendol' 
ma1'is as distinctly recognisable as in Ph. indicum itself, and here 
too, frequrmtIy pro duces the primitive forms as atavists. 

Basing on these experienees I think it probable, that the cause 
which eaUs forth the variants is not exclusively active in our arti· 
ficial cultures, but can also be aeti ve in the sea itself, so that in 
this case there is a chance that dark forms, isolated from the sea 
will at first be taken for particular species, but af ter more minute 
observation, will prove to be variants of known phosphorescent 
bacteria. 

By observing certain general conditions the production of dark va
riants can, as said, be greatly slackened, but not wholly prevented. 

I) Mnny of these samples I owe to the kindness of Dr. HOEK. Vnrious species of 
luminous bacteria have been found in them to the amount of 0.1 to 5, even 7 pCt., 
of aU present bllcteri:l. Especially Pit. Zumino8um, and n species difficult to distinguish 
from it, but still quite different, Pit. hoZZandiae, occur very often. Pit. deflene1'ans also 
is frequent. 
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.Among tbese are: strong nutrition and vigorous growth a little below 
the optimum temperature, free access of oxygen, such as can be at
tained in cultures on agar-agar, and total exclusion of the influenee 
exerted by the secretion-products of the bacteria themselves, which 
is attainable by re-inoculating the young cultures very of ten on a 
new medium. 

7. Oonclusion. 

I will begin with pointing to the fact that hereditary variability 
is a function of Igrowth, in particular of slackened growth, but that 
at cessation of growth 110 change takes place. And furthermore 
that variability attacks only one independent characteristic at a time. 
In the sub-variant one characteristic of the normal farm is partly, 
in the main-variant it is wholly changed. In new varieties and 
species more characteristics are varied. 

Furthermore resuming the above given statements I come to the 
following conclusions. The here discussed farms of hereditary varia
bility belong to three types: At degeneration all individuals, by a 
slow process of variability, lose their vegetative power, so that the 
species may ce ase to exist. At transfm'mation, which seems to ap
pear more seldom, all individuals 10se a specUic characteristic and 
acquire either or not another instead. At the common hereditary 
variability or va1'iation, the norm al form, probably by heterogene 
ceU-partition, throws off some individuals, the variants, mostly differ
ing from it by a strongly salie nt characteristic. The normal form 
itself propagates beside it quite unchanged. The variants are constant 
in a way corresponding with independent species; sometimes this 
cons!ancy is perfect, in other cases atavists are produced, like to the 
normal form. Subvariants i. e. intermediate forms between normal 
form and variant, are 1ess found than the variants themselves, but 
they are perhaps never wanting, and are in the same way constant 
as the normal forms. Whether the sub-variants are a1so original1y 
formed in smaller numbel' than the main variants is uncertain; 
what is seen is that they rapid1y disappear from the cultures and 
are supplanted by the norma1 form and main variants if they are 
not fixed by colony-selection. Besides, each well-defined degree of 
variation, however slight, seems to be fixabie. 

The rare occurrence of the sub-variantFl throws some light, Fil'St, 
(by the comparison of the individual microbes with the individuals 
of the higher organiams) on the marked distinctness by which in 
higher plants and animals most variaties and species are separated, -
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for they originate by repeated variation pl'ocesses, relative to different 
characteristics- anel the chance that the common and distinctly discern
able variants will partake therein anel not the rare sub-variants, more 
difficult to distinguish, is accordingly greatest 1). 

Second, (by the comparison of the individual microbes with the 
tissue-celIs of the higher organisms) on the no less marked conanes 
between the tissues alld the organs of one and the same individual, 
- for these are constituted of as many cell-variants of the embryonal 
celIs, cell-variants, which will supplant tbe cell-sub-variants. 

That many so-called new ~species will prove only variants of other 
species alld no "good species", is not improbable. Especially in the 
microbes, where the want of crossing must strongly favour the 
prolonged continuing of the once formed variants, it is to be foreseen 
that in nature wiU of ten be found variants, which willl~ng maintain 
themselves at their habitat. If they are isolated, the discoverer will 
at first be almost sure to see new species in theU}, and only aftel' 
an accurate investigation recognise them as variants of another species. 

The sub-variants of the microbes prove, that the characteristics 
which in the main variants are quite wanting disappear by little 
leaps from the norm al forms. In other cases, ho wever, the main 
variants seem to appear suddenly, whence it would follow, that a 
characteristic can also vanish at a single leap at the ceIl-partitionj 
but here the sub-val iants may have escaped from observation. 

'fhe variants of the microbes, regal'ded as ceIl-variants, prove that 
out of a ceIl daughtel'-cells may spring unlike to the mother-cell. 
Though lhe way in which this IS effected is still insufficiently 
known, it proves the existence of heterogene cell-formation, whether 
by direct heterogene cell-partition (fig. 1), or. by the less probable 
transformation (fig. 2). 

1) 1 perfectly agree with Professor DE VRIES, that the origin of species should of ten 
be sought in the almost suddenly produeed variants, or mutants, as he eaUs them. 
Tbis is also the conclusion to which GALTON has come regarding the races, and to 
whieh he referred repeatedly since 1892, the last tlme, 50 far liS 1 know, in Nature 
T. 58, pag. 247, 1898 in these words: "1 have frequently insisted that these sports 
or "aberrances" (if 1 may coin the word) !lre notahle factors in the e'l1olution of races. 
Certainly the sueeessive improvements of breeds of domeatic animals generally, as in 
those of horses in particular, usually make fresh starts from decided sports or 
aberrances and are by no means a1ways developed slowly through the accumulation 
of minute and favourable variatiolls durmg a long succession of generations." AlonS\' 
quite distmct WdyS GALTON, DE VRIES and myself have thus arrived at the same 
eonclusion regarding the probable origin of many races and species. But the great 
difficulty which lies in the explanation of the adaptions, has not been removed, 
neither by GALTON'S lIaberrants", DE VIDES' 'mutants", nor my "variants". 
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In order to show how decidedly heterogene cell-formation is still 
considered as impossible, so that it is not superfluous to afford a 
new evidence for its existence, I refer to the weI1-known book of 
O. HERTWIG "Die Zelle und die Gewebe", p. 64 Bd. 2, Ed. 1898, 
where we re ad as follows: "Die Theorie der heterogenen Zeugung, 
wo sie aufgestellt wmde, ist als grober Irthum bald beseitigt worden. 
80 gilt als ein alJgemeines Grundgesetz in der Biologie der Ausspruch 
nGIeicher; erzeugt nur Gleiches" oder besser "Art erzeugt stets seine 
Art" Bei allen einzelIigen Lebewesen ist erbgleichc Theilung ihres 
Zellenorganismus die einzige die vOl'kommt und vorkommen kann. 
Auf ihr berubt die Constanz der Art. Wenn es moglich wäre, dass 
bei irgend einem einzelligen Organismus die Erbmasse (Idioplasma) 
durch Theilung in zwei ungl8JChe Componenten zerlegt und auf die 
TochterzeIlen ungleich ilbertragen werden könnte, dann hätten wil' 
den Fall einer he1erogenen Zeugung, den Fan der Entstehung zweier 
neuer Arten aus emer Art. Wie indessen alle Beobachtungen lehren, 
werden auch bei den Einzelligen die Arteigem,chaften so streng und 
bis ins Kleinste ilbediefel t, dass eÎlllelIige Pilze, Algen, Infusori1:'n 
auch noch im millionsten Gliede, ihren weit entfernten Vorfahren 
genau gleichen. Der Theilungsprocess als solcher erscheint daher 
aur,h bei den einzelligen Organismen nie und nirgends als Mittel 
urn neue Arten ins Leben zu rufen." 

Tbe preceding page!'! prove that this view is erroneous, so that 
the far reaching conclusions, drawn from it in relation to ontogeny 
vanish at the same time. 

So far there is thus no reason in contradiction with observation, 
whieh farbidf:> admitting, that the ontogeny of the higher organisms 
consists in a regular course of valiation processes, and that full
grown plants and animals are built up of as many eell-variants 
of the embryonal cells, as they contain different tissues eomposed of 
identie eells. 

Botanics. - - "On the development of Buds and B1td-val'iations 

in Oytisus adami". By Prof. M. W. BMJERINCK. 

Cytisus adami is a hybrid between the eommon laburnum, Oytisus 
labu1'num, and a little shrub from Styria, O'ljt~sus pU1'pureu8, with 
purple flowers. Now and then are found on Oytisus adami buds 



- 385 -

( 366 ) 

of both species as bud-variants 1). The experienee that these buds 
appear in particular on ol,] er parts, and have, probably without 
exception, passed one or more years in dormant condition before 
budding and changing into the primitive forms 2), induced me to cut 
down all the hranches and the main stem of four speci~ens of C. 
adami in order in this way to excite the development of the very 
old buds which were, since years, in dormant condition on the old 
trunk. My expectation, that by these means I should obtain a great 
number of bud-variants, proved right: in few years I saw, together 
with earlier observations, ~ppear more than a hundred buds of 
laburJ1um and about twenty of purpureus. I was thereby enabled to 
establish a few particularities about buds anel bud-variations which 
follow here: 

~ 

1. The ordinary axillary buds of Cytisus adami spring not from 
single eeUs but from cell·groups. They grow on by means of a 
plurieellular meristem, and not by means of one terminal cello The 
latter faet was long known already and is here anew confirmed. 

2. The bud·variants, also, originate from eell-group~ and not 
from single eeIls, so that the cause whieh is active here in produeing 
variability, must extend over many eeHs at a time. 

That this cause is in some or other way related to unfavorable 
conditions- of nutrition cannot be doubted. 

Of course the possibility is not excluded that for O. adami buds 
and burl·variants can spring from single eeUs. I think this even pro
bable as regards some of the many buds whieh develop from the 
"bud-crown" S). Herewith is meant the sheath ofvigorously vegetating 
cambium-eells whieh is found in the callus and the bark, just in 
the prolo~gation of the procambium- or cambium-eells of truncated 
or throwll aft' buds or branches, which sheath is all active centrum 
for the originating of new bwk For the rest, it is not the springing 
forth of a bud or new individual from a single een which is remark
able, but the fact that this eau take place from au already cODsti
tuted eeJI-group. That this really oceurs, and also, that a meristem 

1) The word "varinnt" is here used in a sense somewhat different from that in the 
preceding paper on the variants of microbes, "component" might perhnps be more 
precise in this case. But I keep to the usage, as the meaning is clear. 

2) This does not bold good for tJle flowers, which have no dormant period but 
constantly develop in the 2d yenr, and of which tbe different parts are still more 
subject to return to tbe components thnn the vegetative bnds. But the flower may, 
even unreckonecl the process of fertilisation, be caUed the organ of variability. 

3) Translated from the Gel'man "Knospenkrone". 
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constituted of many eeUs may be subject to the proeess of variation, 
is proved by the following observations. 

At about ninety labu1'num-buds which 
had developed as variants, nothing partic
ular was to be seen, but at eight or nine 
w€'re found at the base a greater or smaller 
llumber of bud-scales whieh could with 
certainty be recognised as bud-scales of 
adami (ad Fig. 1 A). 

This observation is easy and convineing, 
as all parts of laburnurn, bence tbe bud
seales too, are covered with silverwhite 
hairs, especially at the under- or back-sïde, 
while the full-grown portions of adami are 
always devoid of hairs. In all the casps, 
which I examined more minutely, the line 

Fig. L of demarcation between the adami- aud 
Two laburnum bud-ynriunts laburn~lm-portion rap in an oblique direction, 

on u bruuch of 0l/tiSU8 adami; so that the whole meristem belonged evi
the lower bud ..d benrs at its 
base aaami bud-scules, but is dently to laóu1'num. This was constantly 
in the higher portion pure confirmed by the experience at the budding, 
la3urnum; the upper bud B is as always pure laburnum-shoots grew from 
precisely for one half adami. th b d 
fol' the other laou1'?lllm. ese u s. 

In 1898 an extraordinarily great number 
of laburnum-variants were formed on my adami-trees. In consequenee 
of the early prnning all the buds were situated low enough to be 
easily examined with the magnifying'-glass. Two of them presented 
themselves as in Fig. 1 B. The line of demarcation went precisely 
over the middle of the bud-scales and not obliquely as in th<;l eight 
cases above. The supposition that the sald demarcation would also 
continue precisely over the middle of the meristem, proved right at 
the budding, for both the branches whieh sprung from these buds 
in 1899, were exactly for one half, lengthwise, adam i, for the other 
half labwrnum. 

One of these "mixed branches" has attained a length of about 
1 Metre, and produeed more than 30 leaves with axilJary lateml 
buds, of which about 15 belonged to labur!lum, the other 15 to 
adami. At its extremity was in the autumn of 1899 an open 
"summpr-bud", still for one half adami, for the other half labltrm,f,m; 
this summer-bud was not closed with bud-sealcs, and died in the 
winter of 1899-1900. 

The second branch has become about 1/'1. M. long, and bore more 
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than 12 leaves with axillary buds, again belonging for one half to 
laburnum, fol' the other to adami. In the autumn of J 899 a closed 
»winter-bud" with bud-scales was formed at the extremity. Though 
the line of demarcation seemed also to go over the middle of this 
terminal bud, a laburnum-branch dcveloped from it in the summer 
of 1900, which only at the base bore same adami-Ieaves, so that thc 
separation within tbe bud must have run obliquely and divided 
the meristem into a larger laburnum- and a smaJler adami-portion. 

Thls description proves th at the two halves of the "mixed branches" 
have each growll from an jndependent half of the meristem, which 
half cannot conóist of less than one ceH, sa that the continued growing 
of the branches with one terminal cell is out of question, accordingly 
it is certain that the branches of Cytisus adami grow with at least 
2, and probably many more meristem eelIs. ~ 

The two separating lines between labtwnum and adami-which 
are seen over the full length of the "mixed branches", easily dis
cernible on the bark as the confines between a portion set with 
hairs and another without, ran in 1899 for tbe greater part of course 
between the leaves, but in some pI aces also through the leaves 
themselves. Some of these "mixed leaves" we re situated exactly 
for one half on the labu1'num- for tbe other on the adami-portion 
of the branch. In this case the trifoliate leaf was as exact1y for 
one half an adami- and for the other a labttrJZum-Ieaf, and over 
the whole length of the petiole and the midrib of the terminal 
lea:flet the line of demarcation was distinctly diseernible. This 
would, if neeessary, be sufficient to prove that also each leaf takes 
birth from at least two, and probably more meristem celIs. But the 
pluricellular origin of the leaves of the higher plants has, so far as 
I know, never been called in question, though this has been the 
case concerning the origin of the lateral buds. 

Sa, it was of importallce to establish whether the axillary buds 
of these "mixed leaves", exactly placed on the confinC', would 
likewise produce "mixed branches", by which the question would 
be answered if one .bud might spring forth from two or more celIs 
at a time. The answer was not dubio us: all the buds, placed in 
the axils of the Ieaves, which were for one half labtwnum, for the 
other adami, produced, in thc summer of ] 900, as weU laburnum
as adami-Ieaves, and in this case, too, same leaves again were mixed, 
namely partly adami- partIy labu1·num-Ieaves. 

In most cases the line of dem~trcation went very obliguely 
through the "mixed buds" of this srcolld gene!ation, sa that tho 
whole melÏstem early in the year consisted of only adami or 0111y 
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laburnum. In one of these buds however the boundary line went 
precisely through the middle, but this bud contained an infiorescence 
of which the summit had died of!' in the winter of 1899-1900. 
At the base ,vere however pure laburnum- and pure adami-fiowers, 
and one fiowel' was precisely for oue half laburnum, fol' the othel' 
adami, sa that also fiowers evid€'ntly spring not from one een, but 
from a cell-group. 

The pre ce ding description proves that in the springing forth of 
the laburnum-variant from Oytisus ailami, aq weU a whole meristem 
may be concerned as half of it, and that the cause which gi-ves 
rise to the appearance of a bud-variant is active whl:'n the me
ristem is cornpletely formed, and not in the far-back moment 
when the cell-group, which later manifests itself as a mel'istem, was 
still a single cel1. For if this W8re the case it could not be possible 
that a portion of the bud, which produees the variant, continued 
to belong to C. adami itself. 

Rence it follows that the bud-variant is not produced by variation 
of a single eeU but by that of a cell-group. 

FI!!. 2. 

One year's pUl'pW'CU8,pS, sprung as a bucl-vminnt, from a clol'mllnt ada1lZ~-bud, 
at the extremity of a "short-ohoot" ad. On the left a "long-sllOot" 

of adami, at the ell..tremity of ft "sholt-shoot", 
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To show that also tbc purpureus-variant is produced by the vari
ation of an already constituted adami-meristem, and not of a single 
cell, far-back in tbe evolution of that meristem, I refel' to Fig. 2. 

Here we see a one year's p1{rpureus-shrub (ps) placed at the 
extremity of a "short-shoot" of Cytisus adarni 1). Commonly the 
pU1pureus-variants. quite like those of laburnurn, spring from com
cam buds, whence the exact moment of their birth is not clear. 
But the peculiarity of the case figured here is that the "short
shoot", terminating in pUlpureus, had al ready Igrown for a number 
of years as adami, and that _consequently it is not possible to doubt, 
that purpureus has come forth from the whole adami-meristem. As 
this meristem is pluricellular, the cause, which led to produce the 
purpureus-variant, must thus also have aft'ected a cell-group and not 
have been confined to a single cello -

In a few cases the purpureus-bud was not found alone, but also some 
adami-buds ofthe nearest surrounding were changed into purpureus. ~o, 
this summer, in my garden, of six quite independent, dormant, three 
real's) burIs at the summit of a "long shooe' of Gytisus adami, separ
ated from each other by relatively short internodes of the long
sboot, no less than four are changed in to purpureus, and besides, 
the two unchanged adami-buds are placed between the higher and 
lower situated purpureus branchlets. Accordingly the influence which 
caused the variation must have been active simultaneously in four 
meristems, the distances between which, at the time of the variation, 
must certainly have amounted to some tenth parts of millimcters. 

Hercwith I think to have made good the two statements expresseu 
at the beginning of this paper, aDd I only wish to add that already 
before, but at quite another occasion (Céeidiogénèse du Cyuips eaU
eil:!. Archives Neêrlandaises, Sér 2, T. 2, 1897, pag. 436), I came 
to the opinion that variability, though habitually going out from 
a single cell, is not necessarily always bound to it, but some
times has a cell-group as starting point, sa that there can be question 
of uni- and pluri-cellular variability. • 

1'he relatively great number of bud-variants of adami, which 1 
have examined, consisted, as usually, on]y of pure labu1'num- and 
pure pU1pureus-branches. Hybrids, in which bath factors occur, but 
one preponderant as compared to its part in adam?', seem never to 
be produced, Still I believe that in the cell-Iayers of the bud-

1) A "sbort-sboot" consists of a closely cl'owded sucaessiou of nodes, between whioh 
tbe internodes are not developed; tbey grow very slowly and point to unfnvorable 
conditions of nutrition. 
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meristem, which form the separation between adami and one of the 
variants, there must occul' transitory eells, whieh, could they be 
independently developed and cultivated into new individuals, would 
produce sueh derivated hybrids. Perhaps the "supplanting" of these 
transitory cells by the completely varied ceHs, may be compared to 
tbe rarity (discussed in the preceding paper on the variants of 
microbes) of the sub-variants as compared to the normal form and 
the main variants, by which it seems pos si bIe to explain, on the 
one hand the existence of distinctly marked bounds between the 
species, on the other hand, the not less marked bounds between the 
different organs and tissues of the higher organisms. 

Physiology. - Cl On the permeahility of tlle j'ed bloodcorpuscles 
fOj' NOs- and S01,-ions". By Dr. H. J. HAMBURGER. 

The questioll whether eells are permeable for eertain substances 
and if so, to what extent, is not only important for our knowledge 
about metabolic and otber vital processes, but is also of great im
portance from a pharmacological point of view. Here again the red 
bloodcorpuscles are found to be the favourable test-objects to study 
this question accurately. It is only natural that these cells are in 
this case equally ,serviceable as in many other problems of a general 
scope. In the first place they are met with in the isolated condition 
(in contrast with most other eeUs) and they can therefore be procured 
without being injured; in the second plaee the influenee of different 
ageneies can in them be better traeed than in other eens, thanks to 
their change of form and dimension as weIl as to the extrusion 
of red colouring matter, and in the third place the reeiprocal influence 
between the contents of the ceU and its natural surroundings ean 
be studied in detail by chemical analysis. 

It is through the study of the Iaws of the isotonic coeffieients 
(RUGO DE VRIES) of the red blood-corpuscles that the problem of 
permeability was first bróugbt into the foreground 1). 

I will not here enlarge on what has hitherto been investigated 
and written on tbis subject. I on]y wish to point out tbat it bas 
been agreed that there are: 1°. substances whieh penetrate thl'ough 
the bloodcorpuscles and destroy tbem (for instance NH1, Cl); 2° sub-

• 1) HAMBUBGER, De permeabiliteit der roode bloedlichaampjes in verband met de 
1sotonische coëflicienten. Versl. en Meded. d. Kon. Aklld. v. Wetenseh., 1890, bI. l~. 
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stances which permeate them, but are harmIess (for instance urea); 
whereas there is a great number of substances, amongst othel's salts 
as Na Ol, Na2804 etc., which are likewise harmIess, but concerning 
whose permeating capacities opinions drffer. 

Some assert that alkali-salts as such can penetrate into the blood
corpuscles, others say that they are a bsolutely impenetrable to 
these salts. 

Formerly I ag-reed with the former opinion; now I am convinced, 
considering the theory of the electrolytîc dissociation, tbat the truth 
lies half-ways and that the~bloodcorpuscle is not permeable for the 
alkali-salt as such, nor for the metal-ion either, but for the acid-ion. 

Wben 002 is mixed with blood the following symptoms will be 
observed: tho bloodcorpuscle becomes richel' in chlorme, richer in 
water and poorer in alkali. The serum undergoes just tbe reverse 
cbange, an exchange of substances has thus taken pI ace. -

The h,al~um- and natnum-contents of blood-corpuscle and serum 
have nothing to do with tbis, these are unchanged (GuRBER). 

There ir:, now no difficulty in explaining these sympto~s_ 
Through the influence of 002 carbonate appears in the blood

corpuscles. A part of the bivalent electronegative OOI/s-ions leaves 
the bloodcorpuscle and is replaced by the double number of electro
negative Ol'-ions. Therefore increase of the Ol-rontents of the blood
corpuscles and lncrease of the alkali-contents of the serum. 

As two OP-ions are needed to replace one 003"~ion and every ion, 
be it mono- or bivalent, represents the same power to a.ttl'act water 
(osmotic pressure), the power of water-attraction in the bloodcor
puscle·contents must increase more than that of the serum and the 
bloodcorpuscle attracts water, it swells. 

The following experiment confirms this proposal. 
The serum is removed as thol'oughly as possible from defibrinated 

blood and the bloodcorpuscles are then washed with a solution of glucose, 
until all tbe serum has been removed. The intracellular liquid now 
reacts neutrally. The passing of OOz through tbe fluid suspension of 
the bloodcorpuscles in glucose does not ma.ke the liquid alkaline, 
although the bloodcorpuscles have taken in 002, and K 2 003 has 
been formed; but as such it does not extl'ude. 003 however can 
leave the bloodcorpuscle, provided an equivalent quantity of another 
ion of the same name takes its pI act'. Thus, when the glucoso-solution 
is substituted by a Na Cl·solution isotonic with the bloodcorpuscles, 
the latter becomes immediately alkaline and the bloodcorpuscles 
swell. The reason is this that COs"-ions have left the bloodcorpuscles 
and the double number of Ol/-ions have taken their place. The 
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kalium and natrium of thc bloodcorpuscles and snrrounding have 
in the meantime remained unchanged. 

Tbe question may DOW be considered what the result will ber 
when in a suspension of bloodcorpuscles in glucose not a solution 
of Na Ol is added, but a solution of Na NOs isotonic with the 
blooucorpuscles. Then the Na NOs-solution also becomes alkaline 
through natrium-carbonate, very weak when na 002 was made ta 
pass through the suspensian, but pretty strong when tbis had been 
the case. And in accordance with what is observed in Na Ol, 
swelling is also found here aftel' addition of the isotonic salt
solution to the 002-suspension of the b100dcorpuscles in g1ucose
solution. This iq self-evident, for, when it is admitted that (NOs)'-ions 
enter the bloodcorpuscles and OOsl/-ions extrude, then every OOsl/-ion 
WhlCh extrudes must be replaced hy two (NOs)'-ions, and as one (NOs)'
ion represents the same osmotic pl'essure as ODE' OOs/l-ion, the power 
of the bloodcorpllscle to attract water (osmotic pressure) must increase 
and the 1atter will swell. 

lf the experiment is performed with Na SOçsolution, theu this 
solution wiU likewise be seen to became alkaline, weak, wh en no 
CO2 was mixed with the suspension of the bloodcorpuscles in 
gh!cose-solution, rather strong when this had been the case. The 
volume of the bloodcorpuscles did not inrrease however. This is 
evident; against one S04,"-ion which enters the bloodcorpuscles, one 
CO"s-i:m extrudes; the power of water-attraction of the bloodco r
puseles-contents remams the same during this exchange. 

From these experiments tbe conclusion may be drawn that the 
red bloodr,orpuscles are permeable for NOs'- and S04"-ions; which 
was hltherto not accepted even hy those who did not doubt a 
permeation for chlorine, as based upon direct quantitative analysis. 

Meanwhile our conclusions in regard ta the permeability of the 
red bloodcorpuscles for SO;l, and NOs-ionq, also find their confirma
tion in direct quantitati ve chemical analysis of the added sulphat e
and nitrate before and af ter the mixture with the hloodcorpuscles. 

Not for all acid-ions however quantitative chemical analysis can 
be performE'd with sufficient accuracy required for the purpose. 

For, such cases we now find in the described method a means 
which enables us to judge about the permeability of the bloodcorpuscles 
for ~uch jona. It only requirea to be noted whether alkaline reaction 
appears, or if already present, increases, in the bloodcorpuscles washed 
with glucose, aftel' addition of the salt-solution C'ontaining the ion 
which must be examined. A preceding treatment of the sUf:>pension 
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r~lfll of bloodcorpuscles in g]ucose-so]ution with 002 is much to be re-i " 11 I ril j commended, as the number of OOs-ions in the bloodcorpuscles 

~'li increases thereby and therefore a better opportunity offers itself for 

ï~11 the acid-ions (anions), which are to be examined, to change places 
I I r wlih OO"s and to enter. Oonsequently the alkaline reaction of the 
IUlli11 li ll 
ilill solution about to be examined will become stronger. That 002 is 
JIIII'I able to promote the entrance of ions into eeUs seems to me of 
11

11
11 great importance for the economy of the human body. 
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KONINKLIJKE AKADEMIE VAN WETENSOHAPPEN 

TE AMSTERDAM. 

PROCEEDINGS OF THE MEErl'ING 

of Saturday November 24, 1900. 

------~·~o~-------

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 24 November 1900 Dl. IX). 

CONTENTS : "Review of the l'esults of a comparative study of the thlee dinitlObenzenes." By 
Prof. C. A. LOBRY DE BRUYN, p. 375 - "The W ESToN-cadmium cell." By Dl' ERMT 

COllEN (Communicated by PlOf H. W. BAKHUIS ROOZEBOOM)". p. 380. - "On the 
plOteids of the glandula thymus". By Plof. C A. PEKELHARIl-G. P 388. - "Contn
butions to the knowledge of some undescnbed Ol lmperfectly known fungt" (4th Part). 
By PlOf. C. A. J. A. OUDEMANS. p. 386. tWlth one plate). - "A new kind of 
fOlmal-(methylene-)compounds of some oxy·acids." By PlOf. C. A. LOBRY DE BRUYN 
and W. ALBERDA VAN EKENSTEIN. p. 400. 

The following papers were read: 

Chemistry. - "Review of the results of a compal'ative study of 
the three dinitrobenzenes." By Prof. C. A. LOBRY DE BRUYN. 

(Read October 27, 1900). 

As the comparative \ investigation of the three dinitrobenzenes, 
whirh was started some considerable time ago and the results of 
which have already been partly published 1), has now practically 
been brought to a close, a short and systematic review of the prin-

I) Rec. 2 205, 236, 238. 13. 101. 15. 85. 18. 9. 13. Ber. 24:. 3749. 

25 
Proceedlngs ltoyal Acad. Amsterdam. Vol. 111. 



- 395 -

( 376 ) 

cipal results may be gi VOIl. The partieuldrs of the part which is 
not yet published will appear f~lly in the "Recueil".-

ortho 

DleIting point 
apecific gravity 
boiling point 

116°.5 
1.59 

319° (773.5) 

89°.72 (Mills) 
1.575 

302°.8 (770.5) 

para 

N02 
_]72°.1 

1.625 

299° (777) 

The speeifie gravities inerease with the melting points; o-dinitro
benzene has the highest, p-dinitrobenzene the lowest boiling point. 

The solubilities decrease with the ri se of thc melting points; this 
applies to all of the ten solvents employed. The three dinitro
benzenfls like most isomerie substances, behave therefore conform 
to the rule of OARNELLEY and THoMsoN which states that of two 
or more isomeric bodies those with the highest melting points show 
the smallest solubility and vice versa. 

The heat of combustion of the three isomers has al ready been 
determined in 1891 by BERTHELOT and M.A.TIGNON with samples taken 
from my preparations 1). Tt has been shown that this is largest for 
orthodinitrobenzene and smallest for paradinitrobenzene. 

The following' tables show tbe different behaviour of the three 
isomers towards reagents. 

Ortho. 
Quantitatively in 

o. COH4N02.O Na+NaN02 

LAUBENHEIMER 2) 

1) C. R 113. 246. 
2) Ber. 9. 1826. 

AQUEOUS ALKALIS. 

Meta. 
Chief reaction: 

reduction to m.m. dinitro· 
azoxybenzene 

oxydation to oxalic acid. 
Brown amorphous sub

stances and HaN as bye
products. 

Pala. 
Almast quantatively in 
p.COH4N02·ONa+NaN02, 

very little p.p. dinitroazo· 
and azoxybenzene. 
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ALOOHOLIC AND METHYLALCOHOLIC SODIUM. 

Ortho. 
Quantitatively in 

o. OsR4N02 • 0 OHs(002Hs) 
+ NaN02 

Meta. 
For the greater part in 
02N-OoH4-N~N-OsH4 NOg 

,,/ 
o 

MICHLER I), KLINGER en 
PIXSCHKE 2) 

Para. 
Quantitatively in 

p.OsH4·N02·OOHs.(002H6) 
+NaN02 

ALOOHOLIC AND AQUE0!JS AMMONIA. 

Ortho. 
Quantitatively in 
o. 06H4 • NOg. NH2 

L.A.UBENHElMER Sj. 

Ortho. 
chlorine. 0.00 H4 Olglittle, 

or no 
06 H4 01.N02 

bromine. o. 06 H4 BI'. NOg 
and 00 H4 Brg etc. 

iodine. o. Os H4 I . N02 

Meta. 
No action up 

to 250°. 

HALOGENS. 

Meta. 
m. 00 H4 Ol . NOg 

and 
m. 00 H4 01g 

Same as ortho. 

m. 06 H4 I . NOg + 
00 H4 1g etc. 

Para. 
p.06H4·NOg.OOHs·(002H6) 

+ p. CSH4 NOg. NH2 

in varying proportions. 

Para. 
Exclusively 

p. 00 H4 Ol . NOg 

HYDROOHLORIC (and Hydrobonlic) AOm. 

Ortho. 
o. 06 H4 01g 

o. 06 H4 Brg 

Ortho. 
1 mol. to 1 mol. of Nag S: 
CSH4NOo. SNa+NaNOo 
2mols. t~ 1 mol. ofNa2 S: 

02N OoH4-S-CoHl NO,+ 
2 NaN02 

1) Bel'. 'i. 423. 
2) Bel'. 18. 2551. 
S) Bar. 11. 1155. 

Meta. 
mi. C6 H4 Olg + 

C6 Hs CIs 

SODIUM MON'OSULPHIDE. 

Meta. 
Ohief product: 

02N Co H i -N-N-CoH4N02 
'-./ 
o 

+ Na
2
Sps besides brown, \ 

amorphous substances. 

Para 
p. C6 H4 01g 

Para. 
Chief product: 

02N -C6 HçN: NC6H4NO, 

25* 
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Ortho. 
Ca H4 . N02 . NH2 1) 

02N 06 H4 S-C6 H4 NOg 
02N C6 H4 S-S-C6 H" N02 

Ortbo. 
Quantitatively in 

02N CG Ri-S-S-CG B4 N02 

+2NaN02 

( 378 ) 

AMMONIUM SULPHIDE. 

Meta. 
Chief product: 
C6 H4 N02 • N H2 

(HOF.MANN. MUSPRATT.) 

SODIUM DISULPHIDE. 2) 

Meta. 
Quantitatively in 

O2 N-CsH4-N-N-CoB4N02 
""'-/ o 

+Na2 S2 0g 

Para. 
Chief product: 

Co H{ N02 • N H2 ') 

Para. 
Quantitatively in 

02N CaH4-N: N-CoH4N02 

+Na2 S2 Os 

POTASSIUM CYANIDE IN AQUEOUS SOLUTION. 

Ortho. Meta. 
Reduction to amorpbous Dark amorphous reduc· 
products. A good deal of tion products CO2 , ~H3N 
O. C6H4.N02. OH and HCN and nitrite. 

Para. 
Reduction to 

02N-CS H4 N-N-C6H4N02 
'-,j 
o 

f also KCNO which yields 
ammonium carbonate. 

SOLUTION OF POTASSIUM CYANIDE IN ALCOHOL OR 
METHYL ALCOHOL. 

Ortho. 
No action up to 1700 • 

Tarry products at higher 
temperatures. 

Meta. 
Nitrile of nitromethyl
(ethyl)salicylic acid: 
CaRsO CBg (C2H5). CN.N02 

1. 2.3. 
besides amorphous reduc
tion products and KN02• 

Para. 
On boiJing, chiefly 

Ca H4 NOJ • OCHs (C2H5) 

+HCN+KNOJ 

Trace of azoderivative. 

VELOCITY OF SUBSTITUTION OF THE N02-GROUP BY 
o C2R5 AND 0 CRs sl. 

Na OC2 H5 
Ortho Para 
0,0260 0,211 
0,0786 0,707 
0,233 2,21 
---~~ 1: 8.1 à 9.5 

NaOCHg 

Ortho. 
0,0170 
0,0484 
0,139 

Para 
0,0442 
0,143 
0,474 

1: 2,6 à 3.6 

1) !tJNNE nnI! ZINCKE Ber. 7. 869. 1372. - Kön:-<ER Gnzz. chim. 1874. 
2) BLANKSMA.. Rec. 19. 121. Proc. Royul Acad. of Sc. of Amst. Nov. 189\). 
3) ALPlI. STEGER. Rec. 18. 13. 
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The close~ examination of tbis review gives rise to the following 
remarks. 

It is ,only towards hydroch1oric acid and the halogens 1) that 
the three isomers behave in tbe same way; in all three, chlorine 
(bromine) is Rubstituted for the N02-group. But as regards Cl (Br) 
the ortho-derivative differs from the para-compound in 80 far that 
both its N02-groups are repltwed by chlorine or bromine whilst in 
the latter only one N02-group is acted on; wiih the meta-compound 
the -dichloro- and nitro-ch1oroderivative have been obtained. 

Moreover the meta-isomer always behaves difl'erently from the 
ortho- and generally a180 from the para-isomer. These latter, there
fore do not al ways behave idcntically, or simiJarly. They do so in 
the case of aqueous and alcoholic alkalis which readily cause sub
stitution fol' one of the nitro-groups, whilst with meta-dinitrobenzene 
tt reduction to the azoxy-compouml takes place. A difference exists in 
the behaviour of ortho- and para-dinitrobenzene towards ammonia; 
whilst the ortho-isomer readily yields nitraniline at a low temper
ature, this is formed with difficulty from the para-compound at a 
higher temperature together with the corresponding nitro-oxyalkyl. 
The latter is formed in greater quantity when the concentration of 
the HsN be co mes less. Jt seems to me that from these observations 
the conclusion muy be drawn that alcoholic ammonia does not only 
contain the HsN mol. but also the H4NOCH, or H4NOC2H5 

molecule. 
Na2 S and Na282 act on the ortho-dinitrohenzene and form the 

substitution prodllcts nitrothiophenol or the mono- or disulphide 
whilst th~ two other dinitrobenzenes are reduced. It is a peculial' 
fact th at meta-dinitrobenzene is reduced to the azoxy- and para
dinitrobenzene to the azo·compound, whilst in the second place 
attention must be called to the circumstance that when applying 
Na282 the reductions take place quantitatively 2). That Na2 82 Os is 
also formed when Na2 S is used, points to the intermediate production 
of Na282. 

The action of ammonium sulphide on ortho dinitrobenzene has 
DOW become quito clear; (H4 N)zS acts by reduction and substitution; I 

the liberated sulphur then farms (H4N)2S2, which gives rise to 
the disulphide by direct substitution. 

Potassium cyanide in aqueous solution causes reduction and is 

1) Also partly towards ammonium sulphide. 

2) Nn~ S~ as a <leoxidising agent will be further investignted. 
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itself oxidised to potassium cyanate which of course, yields imme· 
diately Hs N and CO2 • It is by no means such a handy deoxidising 
agent as Na2 82 , Only in the case of para·dinitrobenzene, was the 
azoxy-compound obtained as a properly crystallisable product; in 
tbe case of the two other isomers brown amorphous sub stances are 
formed; the ortho-compound yields a decided quantity ofnitrophenol 
owing to KOR being set free by hydrolysis. -

The action of potassium cyanide in alcoholic solution is of much 
more importance. It is first of all remarkable that it does not act 
on ortho-dinitrobenzene whilst it behaves towards para-dinitrobenzene 
as if its solution we re dissociated into KO CRs (C2 lis) and HCN. 
This difference in behaviour is not easy of explanation. In the 
second place, the behaviour of meta-dinitrob~nzene is interesting. The 
formation of the two substances CoHs• OOHs (C,9H5). CNNO,91. 2. 3. 
may be best eXplained by assuming that the CN-group first takes 
up a position between the two N02,groups (while_H and K reduce 
another portion) whilst further on one of the N02-groups is replaced 
by oxyalkyl owing to the formation of potassium alcoholate. 

An account of the researches of Dr. A. STEGER on the substitution 
velo city of a nitro-group in ortho- and para-dir:itrobellzene by an 
oxyalkyl and the peculiarities observed has already been given 1). 

Chemistry. - "The WESTONwcadmium cell." By Dr. ERNST COREN. 

(Communicated by Prof. H. W. BAKHUIS ROOZEBOO}{). 

(Read October 27, 1900). 

1. In a paper on this ceU (compare this vol. p. 217-228) it was 
stated that cadmium amalgam with 14.3 per cent of cadmium may 
occur in two forms which pass into each other at 23° C. The 
existence of these forms was assumed on two grounds: 

15t. From the fact that the E.M.F. of ceUs, constructed according 
to the scheme Cd-dilute solution of cadmium sulphate-Cd amalgam 
with 14.3 per cent of Cd, is not always the same function of the 
temperature but that this function may be represented by the curves 
shown in the subjoined figure at I, III and at H. 

1) Proc. Royal Acad. of Amsterdam. Oct. 29, 1898. 
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Fig. 1. 

2nd• From the fact that the àmaJgam of the cells which follow 
tbe curve I, In showed astrong contraction in the dilatometer 
at 0° C. 

The amalgam of tlle eeIls I, IH was ealled by me tbe metastable 
(below 23° C.), that of the ceU II the stabIe one. 

Dr. W. BÖTTGER of Leipsic has now been so kind as to eaU my 
attention to the fact that the idea about the supposed metastability 
of the amaJgam of the eelIs I, III is incorrect. 

That this cannot really be correct may be shown as follows. If 
two cells for instance I and Ir of tbe previous paper, are linked in 
opposition (see fig. 2), and it is assumed that tbe E.M.F. of the eeIl 
with tbe metastable amalgam is greater than that with the sta bIe 
Olle (at a certain temperature below 230 C.), then as in both eeUs 
the amalgam.electrode forms the positive pole, metallic cadmium 
would be deposited on the passing of the current, at the Cd-pole 
in II; stable cadmium amalgam would tberefore pa~s into solution 
in Ir, wbilst metallic cadmium would dissolve in I while rnetastable 
amalgam was being formed. 

+ I Cd·amalgam 
metastable 

dilute solutioll of 
cadmium sulphate 

-I Cd 
I. 

+ I Cd'amalgam 
stabie 

dilute solutioll of 
cadmium sulphate 

-I Cd 
Il. 

Fig. 2. 
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The result, therefore, would be that (below 23°) the metastable 
system would form at the expense of the stable one hy electrical 
action and this, according to known principles, is impossible. 

Dr. BÖTTGER is, therefore, right wben he says that the curve 
I, lIL (in fig. 1) relates to the stabIe and the curve II to the 
metastable cadmium-amalgam and that consequently according to 
the electrical measurements, the celIs of J.Ä.GER should have contained 
stable amalgam. 

2. Against this result obtained hy electrical means stands the 
result furnished by the dilüîometer, which shows that the amalgam 
of the cells land 111, (which according to the electrical measure
ment ought to be stabIe) is not in equilIbrium at 0° C. and undergoes 
a change accompanied by contraction. 

I ('annot at this moment reconcile these two apparently contrary 
results, but hope that the researches of Mr. H. C. BIJL on the 
behaviour of cadmium-amalgams wiII throw light on th is subject. 

3. Meanwhile another new contradictory matter arises, which 
has been duly pointed out to me by Dr. BÖTTGER. 

If the ceU II contains the metastable amalgam as positive pole, 
then a WEsToN-C(~ll cOJlHtructed with this amalgam as negative 
electrode (lIa of the previous communication) must possess an 
E.M.F. which is Rmaller than those of thc celIs (Ia and lIla), which 
contain the stabie amalgam as negative electrode. 

Tbe measurement however, gave as result that Ha has actually 
a greater E.M F. at 00 C. (1.0231 Volt) than Ia and lIla (1.0197 
Volt). 

Actua1 repetition and extension of these investigations will only 
be possible when we know the circumsiances during which the 
metastflble amalgam is produced, namely when the researches on 
the behaviour of the cadmium-amalgams shall have been practically 
brought to a close. 

On account of these contradictory facts I desire to postpone for 
the present any further conclutlions aF! to the suitability of the 
WEsToN-cell. 

Amsterdam, October 1900. 
Chem. University Laboratory. 
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Physiology. - Prof. C. A. PEKELHaRING "On the proteids of 

the glandula thymus". 

Some time ago I have in this place given an account of certain 
researches concerning the fibrin ferment, which led me to the con
clusion that this enzym should be looked upon as a nucleoproteid, 
in this sense, that nucleoproteids of different origin, are capable of 
inducing the formation of fibrin out of fibrinogen, nucleoproteids 
from the thymusgland and the testis, as weIl as from the cells that 
are suspended in the blood 

These substances however only become an active fibrin ferment, 
when they have had the opportunity to form a combination with 
lime. 

On various grounds I suppased that the fibrin ferment should 
yield lime to the fibrinagen for tbe formation of fibrin. I can bow
ever no langer hold tbiq view, since HA:MMARSTEN has proved, that 
fibrin, when it is prepared in the highest possible degree of purity, 
contains so little lime, that this substance cannot be considered to be 
a lime-combination. Moreover I have cnnvinced myself of the accuracy 
of HAMMARSTEN'S criticism by my own experiments. It cannot be 
said that fibrin is a lime combination and originates by the fact of 
lime passing from the ferment into the fibrinogen. 

Meanwhile this does not alter my opinion about the nature of the 
ferment. This opinion is yet further confirmed by a research by 
Mr. HVISKAMP about the proteids of the glandula thymus, of which 
the fuil description will soon appear. 

It is well-known, that out of thymus, by extraction with 
water, two nucleoproteids can be obtained of which one has been 
specially studied by LILIENFELD, who has given to it the name of 
nucleohiston. 

Mr. HUISKAMP now found that the nucleohiston as weIl as the 
ather nucleoprnteid can form compounds with calcium, of which the 
solubility in water depends upon the greater or smaller quantity of 
salts of alkali or alkalic-earths, which it contains. Nucleohiston is 
quite insoluble, the other nucleoproteid incompletely soluble in water, 
which contains 0.1 to 0.5 pCt. chloride of calcium, but by increasing 
tbe amount of lime-salt of the Huid, or by adding other neutral 
salts, both proteids dissolve easily. 

The substances that are precipitated from an extract of the thymus 
by the addition of the necessary quantity of chloride of calcium are 
ta be considered as salts of calcium, in which the nucleoproteid 
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plays the part of an acid. They can be decomposed by acetic acid j 
then the protcid is left behind as a substance insoluble in water. 

By treatment of tbese compounds of proteid and lime with 
oxalate of kalium, oxalate of calcium and the kalium-compound 
of the nucleoproteid is formed. The latter is like the natrium
and ammonium-compound easily soluble in water. Tbe magnesium 
and the baryum compound however are just as the calcium-compound 
hardly solubie in pure water, but they do dissolve in water, to 
which a very smaIl quantity of ammoma is added. The alkali- as 
weIl as the alcalic earths compounds of the nucleohiston are preci
pitated from the neutral or extremely weak alkalic solution by tbe 
addition of so mucb salt, that the f1uid e. g. for Na Ol contains 
0.9 pCt., for K Cl 1.13 pCt., for Ca C12 and for Ca C12 0.1 pCt., for 
Mg 804 0.2 pCt. The othel' nucleoproteid can be precipitated, always 
incompletely however, by tbe salts of alkalic earths, namely by the 
addition of salts so that tbe concentration is the same as for the 
precipitation of the nucleohie,ton j by alkabsalts lt is not precipitated. 

Mr. HUISKAMP succeeded in preparing bC'th proteids each separately, 
with great purity. The results of the elementary analysis of the 
different preparations, wbieh very '\\ ell agreed, proved this. 

The composition of the lime-compounds appeared to be tbus: 

C. H. N. P. 8. Ca. 

Ca-nucleohióton 45.3 6.5 17.1 3.75 0.51 1.34 

Ca-nucleoproteid 49.8 7.3 15.9 0.95 1.19 1.34 

Either lime-compound now can act as a fibrin ferment. The in
vestigation on ihis point brought to light thc:tt this ferment act ion 
is influenced by the amount of hme salt of the fluid, in which tbe 
fibrinogen and the ferment are dissolved and in su eh a way, that 
the action is most powerful, ,,,hen the solution contains 0.1 à 05 pCt. 
Ca C1 2 , namely with such a eoneentration, by ",hich either nucleo
proteid is least soluble in f1uids, which contain hardly any other 
salt. When the precipitate, obtained by adding to a pure solution 
of one of the nucleoproteids, which contains litHe salt, so much 
Ca 012 , that tbe fluid contains 0.1 pCt. of this salt, is mixed with 
a solution of fibrinogcn in chloride of natrium, it is dissolved readily. 
This solution coagulates in the quickest anil most complete way, 
whenever so much chloride of calcium is added to it, that the 
amount of thai substance is again brought to 0.1 pCt. 

When the amouut of Ca 012 reaches 0.5 pCt., the coagulation is 
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already incomplete, when it comes near to 1 pCt., thE' coagulation 
does not take place. 

A few years ago HORNE 1) has found, that the coagulation of 
blood can be interfered with or quite prevented, by mixing it with a 
solution of calcium-, strontium- or baryumchloride, in such a way, 
that the mixture contains 0.5 pCt. of the added salt. 

Mr. HUISKAMP, before he was acquainted with HORNE'S result, 
had come to the same conclusion, at least with regard to chloride 
of calcium and baryum. He has investigated, whether also the nu
cleoproteid of thc bloodserum, the fibrin ferment sensu strwti01'i, 
Just as the nuc1coproteids of the thymus, depends in its action on 
fibrinogen upon the amount of lime-salt contained in the ftuid and 
he has received an affirmatIve answer to that question. 

The substance was prepared in the way, before described by me, 
by treatment of the dJluted bloodserum with acetic acid and, dis
solved in water, wIth the aid of very litt1e ammonia. N ow it appeared, 
that out of this solutlOn this nucleopl'oteid could also be precipitated 
by chloride of calcium and here also in the most satisfactory way, 
when the amount was brought to 0 1 pCt. 

Now 900 cc. oxblood fresh from the animal were mixed with 
100 cc. 10 pCt. Ca C12 • Tbe blood, whirh now contained 1 pCt. 
Ca C12 (apart fl'om the salts already present in it) did not coagulate 
and was centrifugated. The plasma showed a slight beginning of 
coagulation, when it was diluted with 2fs of its volume of water, but 
coagulated completely in a quarter of an hour's time, when it was 
diluted with 3 parts of water, by which the amount of Ca Ch was 
reduc€'d to 0.25 pCt., a concentratlOn, which causes the lime-compound 
of the nucleoproteid to be insoluble, at least when no other salts 
are present in a quantity worth mentioning. 

Some time ago I have communirated in this meeting, that mag
nesium-su1phate ean prevent the eoagulation of the blood by inter
fering with the combination of nucleoproteids with lirne. Mr. HUIS

KA:r.rp now found that chlOlide of baryum acts in the same way 
but yet more strongly. When blood is added to a solution of BaC12, 

the baryum combines with tbe nucleoproteld i in consequence of this 
the coagulation is prevented and the plasma, separated by means 
of the centrifuge, does not coagula,te spontaneously, not even aftel' 
being dlluted with water, but it does sa, when not on1y the amount 
of Ba C1 2 is reduced by dilutmg with water but also the amount 
of lime is increased by the addition of Ca C12 • 'l'his plasma again 

1) Journalof PhySlOl., Vol. XIX, p. 356. 



- 405 -

I 

'I 
I1 

I 

1
1 

( 

I 

1 

( 386 ) 

coagulates in the quickest and most complete way, when aftel' diln
tion with water, the amount of CaCl2 is brought from 0.1 to 0.5 pUt. 
When yet more lime-salt is added, so that by this alone without 
the aic1 of other salts; the nucleopl'oteid-lime-combination might be 
dissolved, then the coagulation does not take place at all. 

The arguments which I have on a former occasion brought for
ward in order to defend the view, that the nucleoproteids them
selves and no ad mixtures, act, with the aid of lime, as a fibrin 
ferment, havE' been confirmed, I think, by the investigation of Mr. 
HUISKAMP • Chloride of calci_urn influences the action of fE'rment, at 
those very degrees of concentration, which ren der it capable of 
altering thc state of the nucleoproteids. 

Tbe supposition, that that influence should be in relation with 
perfectly unknown admixtures, which should occur in tlîe now very 
purely prepared nucleoproteids of the thymus, is, I tbink, not con
firmed by a single observation. 

The supposition, suggested by SCHÄFER 1), in connexion with 
HORNE'S results, that the interference with the coagulation by cal
cium-, strontium- and baryumsaIts is fuunded on the capability of 
salts of dissolving fibrin, is disproved by the observations ofnumerous 
investigators, also by those of Mr. HUISKAMP, from which it is 
evident, that a corrE'sponding quantity of chloride of natrium does 
not bring about any delay or incompleteness of the coagulation. 

Botanics. - uOont1'ibution8 to the knowledge of 80me unde8cribed 
01' imperfectly known Fungi" (4th Part and end) 2). By Prof. 
C. A. J. A. OUDEMANS. 

tt HELi\.NUONIEi\.E. 

a. R Y alo 8 p 0 l' a e. 

GLOEOSPORIUM Desmazières et Montagne.' 

Fig. 2. 

Gl. Allcllbae Oud. 
Upper face. 

85. GLOEOSPORIUM AUCUBAE Oud. n. sp. -
On the leaves of Aucuba japonica. - Bussum, 
J uly 1900. - Mr. C. J. KONING. 

Epigenurn. J n foliis necatis nigrefactis globuli 
vel cirrhi subtilissimi, dilute straminei, conspicui 
fiunt, qui, orificia epidermidis minima obturantes 
et e cavernulis infra·epidermoidalibus, 500 fllatis, 

1) Textbook of Physiol., I, p. 170. 
2) For 8rd Pud see these Proceedings p. 882. 
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200 u altie, propulsi, statimque 
coag'ulati, ex mere conidiis con
sistUllt. Sunt baec conidia ellip
tica vel parum oblongata, 4-7 X 
2-3 p, hyalina, continua, biocel
Iata, basidiisque acicularibue, 35 p 
altis, estrato proligero fuligineo 
oriundis, fulciuntur. 

id. on velticnl section. *GLOEOSPORIUM .A.NTHER.A.RUM 
Fig. 4. Oud. n. sp. N. K . .A. 3, I, 506 and Hedw. 

0~"o.~ XXXVII (1898) p. 179. - On weakened 
\2J antbera of Calystegia sepium. - Leimuiden, 

July 1894; Mr. L. 'VUYCK. 
id. Bnsidia. wlth conidla. 
nnd conidia separntcly. 

MYXOSPORIUM Link. 

*MYXOSPORHJM CORYLI Oud. n. sp. N. K. Aroh. 3, I, 507 alld 
tab. VI f. 10. - On branches of Oorylus Avellana. - Nunspeet, 
March 3, 1898; Mr. BEINS. 

86. MYXOSPORIUM JUGL.A.NDINUM Oud. n. sp. - On tbe branches 
of Juglans ?'egia. - Scheveningen, 1894. 

Pustulae prominentes, sub peridermate occultatae, tandem, perider
mate irregularitel' rupto 1 hiantes glebulamque griseam exponentes. 
Continet haec conidia fusiformia, hyalina, continua, ad polos anguste 
rotundata, biocellata, 8-10X2-21/s P, primitus basidiis tenerrimis, 
20-25 X 1 ft, suffulta. Differt a Myxosporio Juglandis Allescher (Ber. 
Bayel'. bot. Ges. V (1897) p. 21 et Sacc. SyIl. XIV, 1015) con i
diis biocellatis, minOl'ibus (8-10X2-21/S u contra 10-14X31/ 2-

41/2 p) et basidioruDl, bene evolutorurn praesentia (PI. IV, fig. 14). 

[j. Scoleco-A llantospo1'ue. 

CRYPTOSPORIOM Kunze. 

87. CRYPTOSPORIUM SIPHONIS Oud. n. sp. - On branches of 
Al'isfolochia Sipho. - N umpeet, April 12, 1898 j 1\1 r. BEINS. 

Pustulae numel'osae, inaequalitel' distributne, parum prominentes, 
sub peridermatis portiunculo nigrefacto, postl'emo centro perforato, 
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occultatae, 1/5 mill. in diam. Oonidia hyalina, bacillaria, ad polos 
rotundata, continua, 10-20 X l/S ft. 

LIBER TEL LA Desmazières. 

88. LIBERTELLA AUC.A.P.A.RIA.E Oud. n. sp. - On branches of 
Sorbus Aucuparia. - Naaldwijk, Dec. 1866; the late Dr. J. E. V.A.N 
DER TR.A.PPEN. 

Pustulae valde numeros!!e, dense aggregatae, peridermate velatae, 
difform€'s, saepe confiuentes, p.m. infiatae, intus nigrae. Oonidia valde 
tmbtilia, falcata, 14-16X P/6 ft, ad polos acicularia, hyalina, bJsidiis 
aequilongis et aequilatis, hyalinis, rectis suffulta. 

Differt a Libertella Ariae Allescher, Ber. Bayer. bot. Ges. IV 
(1896) p. 37 et Saccardo Syll. XIV, 1035, pustularum colore neuti~ 
quam rubente, conidiorumque Iongitudine paullo majore (18-25 X 
1 ft contra 4-16XP/a ft). -

89. LIBERTELL.A. OPULI Oud. n. sp. - On the young branches 
of Viburnum Opulus. - Nunspeet, April 3, 1899. 

Acervuli sparsi, peridermate velati, paullo infiati, aurantiaci, elliptici 
vel oblongi, 1/2-11/2X1/2-3/4 mill. Conidia cylindrica, botuliformia, 
ad polos rotundata, continua, singula hyalina, aggregata pallide 
aurantiaca, basidiis aequilongis suffulta. 

~-

90. LIBERTELL.A. SYRING.A.E Oud. 
n. sp. - On branches of b)l'i'lga 
vulgaris. - Bussum, J uly 1900; 
Mr. O. J. KONING. 

Acervuli numerosi, quoad for
mam, et dimensiones maxime va
riabiles, nigri, saepe confluentes, 
nunc poro, tunc vero rima dehis
centes, lateque aperti. Oon :dia 
cavernulas septis SpurilS radmn
tibus varie divisas, periderrna in-

Llbertella Syringae Oud. ter et parenchyma corticale 0(1110-
a. cOlk.layel. 
b. balk. catas, implentia, filiform ia , llUr-
c. bllSldm and comdlll. vata vel fiexuosa, hyalina, utIim-

que rotundata, eguttulata, 20-24X1.4 p. Basidia acicularia, 10-12 
X 1.5 ft, estrata proligero fuligineo oriunda, post conidiorum lapsum 
hamato-curvata. 
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*LIBERTELL.A. ULMI SUBEROSI Oud n. sp. N. K. A. 3, I, 507 et 
Hedw. XXXVII, 180. - On branches of Ulmus suberosa. - Sche
veningen, Dec. 1894. 

r. Phaeosporae. 

MELANCONIUM Link. 

*MELANCONIU~I PERSIC.A.E Ond. n. sp. N. K. A. 3, I, 508 et 
Hedw. XXXVII, 180. - On thc youngest internodes of Persica 
vulgaris. - the Hague, April 1889. 

o. Didymosporae. 

MA.RSONIA. Fischer. 

*M.A.RSONI.A. SEC.A.TJES Oud. n. sp. N. K. A. 3, I, 509 et Hedw. 
XXXVII, 181. - On the leaves of Secale cereale. - Winschoten, 
June 1897. -- Sent by Prof. RITlEM.A. Bos. 

SEPTOMYXA Saccardo. 

91. SEPTOMYX.A. ARI.A.E Oud. n. sp. On the branches of Sorbus 
Aria. - Scheveningen 1894. 

Pustulae numerosae, dense aggregatae, peridermate velatae, eoque 
rupto hiantes et globulum conidiorum fuliginosum exponentes. Co
mdia fusiformia, ad polos rotundata, bilocularia, non constrieta, 
hyalina, 8-11 X2-21fs ft, basidiis brevibus suffulta. 

92. SEPTOMYXA CORNI Oud. n. sp. - On the branches of Oornus 
alba. - Nunspeet, March 5, 1899; Mr. BEINS. 

Pustulae valde prominentes, orbiculares vel ellipticae, irregulariter 
dispersae, lougitudiuem 2, latitudinem 1 mill. attingentes, primo 
peridermate velatae, postremo, peri dermate secundum longitudinem 
fisso, fissuraque usque ad circnitum dilatata, hiantes, conidiorumque 
glebu]am gl'iseam, humectatam caseosam, in parenchymate corticali 
immersam, exponentes. Conidia simlOse ordinattt, fusiformia, hyc:tlina, 
bilocu]aria, ad palos anguste rotundata, 14-19 X 21/ 2 ,lt. 

*SEPTOMYXA NEGUNDINIS Oud. n. sp. - Of. N. K. A. 3, I, 510 ; 
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Hedw. XXXVII (1898) p.180. - On the brapches and petioles of 
Negundo fraxinifolia. - Apeldoorn, Aug. 1896; 0.-

E. P hragmosporae. 

CORYNEUM N ees. 

CORYNEUM POPULI Oud. n. sp. - Cf. N. K. A. 3, I, 510; 
Hedw. XXXVII (1898) ~p. 181. - On branche8 of Poplars:-
Scheveningen, Oct. 1894. 

SEPTOGLOEUM Sacc. 

93. SEPTOGLOEUM CORNI Oud. n. sp. - On branches of Cornus 
sanguinea. - Naaldwijk, April 1867 j the late Dr. J. E. VAN DER 
TRAPPEN. - On branches 'Of Cornus alba. - Nunspeet, March 8, 
1899; Mr. BEINS. 

Pustulae valde numerosae, dcnse congestae, 1/4 mill. in diam., paullo 
prominentes, primo peridermate velatac, postremo perforatae, in cor· 
tice immersae. Conidia solito robustiora, 40-50 X 21/8 ft, cylindrica, 
curvula vel flexuosa, pluriseptd.ta, ad polos rotundata, hyalma. 
Cirrhi albi. 

t tt U(J()EDINEAE. 

a. A In er 0 spo r a e. 

OOSPORA Wallroth. 

*OOSPORA ABIE'l'UM Oud. n. sp. - Zittingsversl. Kon. Akad. v. 
Wetenseh. Januari 1897; N. K. A. 3, T, 511; Hedw. XXXVII 
(1898) p. 181. - On the leaves of Abies excelsa and other species 
of this genus. - Apeldoorn and Laren, Oct. 1896. - O. and Prof 
RITZEMA Bos. 

SPOROTRICHUM Link. 

94. SPOROTRICHUM HELLEBORI Oud. n. sp. - On dying leaves 
of Hellebo1'us foetidus. - Hortus bot. at Amsterdam, Febr. 1890. 
- Oud. 

Maculae amphigenae, valde extensae, fuligineae, fertiles in utraque 
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pagina. Conidiorum conglornerationes orbiculares, albsE', 1/2 cent in 
dJam. Hyphae suhstrato applicatae, valde ramosae, laxe intertextae, 
septatae, ramulis ultimis suhtilissimis. Oonidla solitaria, fusiformia, 
continua, hyalina, ad polos acuta, 3-3.5 X 2 u. 

MONOSPORIUM Bonorden. 

*MONOSPORIUM GALANTHI Oud. n. sp. - Zittingsversl. Kon. 
Acad. v. Wetenseh. 21 April 1897; N. K. A. 3, I, 5]4; Hedw. 
XXXVII (1898) p. 181. - On rotting bulbs of Galanthus nivalis; 
Tessel, Febr. 1897; Prof. RITZEMA Bos. 

BOTRYTIS Micheli et Link. 

*BOTRYTIS PAEONIAE Oud. n. sp. - Zittingsversl. Kon. Akad. v. 
Wetensch. 21 April 1897; N. K. A 3, T, 516; Hedw. XXXVII 
(1898) p. 182. - On young sprouts of a cultivated Paeonia. -
Rtiewijk, April 14, 1897. 

OVULARIA Saccardo. 

*OVULARIA RANUNOULI Oud. n sp. - N. K. A 3, 1,521; Hedw. 
XXXVII (1898) p. 182. - On the leaves of Ranunculus ace!'. 
Apeldoorn, Sept. 1897; O. 

(3 . .D i dy mos por a e. 

HORMIACTIS Preues. 

*RORMI.A.CTII:! HEMISPHAERIOA Oud. n. sp. - N. K. A. 3, 1,521; 
Hedw. XXXVII (1898) p. 182. - On the weakenerl anthers of 
Iris Pseudacorus. - Leiden, June 1894; }\{r. L. VUYCK. 

r. Ph rag mos por a e. 

FUSOMA Corda. 

*FUSOMA GALANTHI Oud. n. sp. - Zittingsversl. Kon. Akad. v. 
WeLensch. 21 April 1897; N. K. A. 3, T, 522; Tessel, Febr. 1897; 
Prof. RITZEMA. Bos. 

26 
Proceedings Royal Acad. Amsterdum. Vol. lIl. 
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95. FusolfJ. BIi:B.l.CUI Oud. n. Bp. - Ou 
tbe leavas of Htracleum Sph01ldylium. -
NIIUijpeet, July 8, 1899; Mr. Blns. 

Epipbr1ill . .Maenlae apal'SM, pBrvae, Mape 
uulam eouftuentts et majorem superficiei partem 
occupaute6, niveae , el roseo-variegntae, absque 
mree1ii veatigio. Basidia DuUa. Conidia iu ma-

_ o.....a.. 00<1. culll! oon~ta. , larie !>.CCumulnta, fusifofmes, 
cunata, basi truncata, vertiCll Muta, primo continua, protoplruiluate 
gra.nutoio repiata, deinde seri e longi!ucliuali guttularum omnta, p<ietre-
000 8€ptata (P), 45-60 X 4.,.. Panas dexlronmm et siniatrOTSum a 
eunatura. divergeute3 quoad loogiludinem diaimilell. 

SEPTOCYLINDRIUM Bonord.m. 

"'SBMOO'YLllfOlll'C lf MOllCnLL.l'i Oud. n. sp. -"- N. K. A. S, I, 
522; Bed.... XXXVII (1898) p. 183. - On pulri6eà Moreltella 
eseuknta, Leiden, April 24, 1894 ; :M.r. L. VUYOB:. 

96. SIi:l"T'OCTLl!D1I.IUJl S~C;'L18 Oud D. sp. - On Ibe lea.'f'II_of 
germinating rye-plantll (&:a lt cerwlt). - Diepenheim, Marcb 30, 
1899. - Sent hr Prof. Rrr:mu. Bos. 

Maculae palJescenteil in parte dimidia anteriore foliorum viridium 
vel rubeecemium. Ryphl\8 81bae, 18te e.teIlSl\8, hyalinae, raIllO!!16, 
eeptatnc. Conidia ~ylindrica, ad polos roluudata, 20-50X2V" primo 
conlinu~, postl1'mo 3- 1· \\epta!&. Hace in nxempÜll junioribus in 
mI'S ailllplioes vel ram.- ordinala oHendun tur. 

'" ,. 

P..,.....,..... __ 0.<1. 
r,,,~.l, .. ,111 fHo ... ~ .. _·lWo •• lO. 

97. PlrY.Il.ATOTRlCli\IJl B"-CCJ.· 
AUM Oud. n. apo _ In !h~ neatly 
tipE' fruila of Rihes GrO$litllaria. 
- Wormerveer, l nly 1000. -
Sent by P rof. Dr. 1. RITZEn Ros 
n d Mr. C. J. J. v u B'J.LL . 

Thi. Muw:linea begina $oud 
eloaeB ita life iu Ule fruit·ft.eh of 
tbe jus! now mentionoo shrnb, 
IInd thu! forma Uil =pliou to 
tha oOllllllon mie for ,H MUI»
diueae that \he oonidia-beariug 
byphaa do nol fruetify before tbe 
moment Illay have coma beyOlld 
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the surrounding in which their myce
lium filaments developed. 

The greenish but not quite lipe 
berries, manifest their less favorable 
condition by the forming of light ocre
yenow spots, mostJy close to the 
insertion of the fruit-stalk, by whieh 
tbe supposition gots some probability 
that the point of attack of tbe fungus 
is at the base, and not at the summit 
of the fruit, notwithstanding tbe latter, 
by tbe prebence of a little hole at 
that place, surroundtld by tbe renmants 
of the calix, migbt justify tbe idea 

Idem. Fructlfylng mould·filaments 
sepalately. tb at this would be the very place to 

Fig. 9 cause tb€' conidia of an earlier generation 

I
j." to germinate. 

J1 :,( ~ ( Tbe yellow spots soon become brown 
f ~ and seem by preference to follow tbe course 
~ ~ A ~ of tbe nerves or vascnlar bundIes ; still it 

/ 

is not welI possible to state whetber tbe 
surrounding parenchym a would be spared 
by the fungus. 

Tbe expectation that the hyphae bidden 
ldem Gcrmmatmg comdlU in tbe frmt-flesh, shortly af ter tbe a:ffected 

Fig 10 fruits had been removed under favorable conditions 
ö to a glass-bell, would produce fertile little cushions 

~
Ut9 {} 

at the surface, was by no means realised. There eS appeared indeed Blits which gave tbe sap within an 
Comdla sepalately: opportunity to come out in drops charged with inde

pendent conidia, but instead of the expected cm,hions there appeared 
nothing eIse but very common moulds and these soon took hold of 
the greater part of the surface of the berries. 

This result induced Mr. VAN HALL to set in a l'enewed examin
atIOn of the hyphae hidden in the fruit, whence arose the certainty 
that the conidia were exclusively produced within the fruits, between 
the parenchyma-cells and remained confined in the epidermis of 
the berries. 

The hyphae which amid the fruit-pulp cross in all directions, have 
a SlDUOUS course and are, by rather clm,ely succeeding partitions, 
divided into celIs of various sizes. Mostly they are in tho middle 
or thereabout a little swollen. The lower branches, springing from 

26* 
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the main hyphae, appear at different heights and resem bIe tbe former, 
with this difference however, that they degrade Ül width. Higher 
up they become shorter and bifurcate so as to form branchlets 
which are either both fertile or sterile, or one fertile and the other 
sterile. In the latter case the sterile branch is now t:!traigbt, now 
crooked, and besides, mostly surpasses the fertile one in length. 
The fertile branches always end in a vesie]e-shaped reIl eharged 
with the task of forming the conidia. The latter repose on short 
basidia whose number varies from 3-10. Thfly are oblong, eolour
less, 7-12 X 21/3-5 p, alld undivided. When ripe they let go hold 
of the basidia, which then remain sticking as little pricks io the 
vesicles. 

,The eonidia ean be very weIl cultivated in a moist chamber. 
Af ter a shor.t time Mr. V.A.N H.A.LL saw them germinate, i. e. either 
without the intervenience of a mycelium form new eonidia; or at one 
extremity produce secondary eonidia and at the other a sterile my
celium; lastly, a]so: at one pole form secondary conidia, and at the 
other push forward a fertile mycelium, of whieh the top-eeU swells 
up into a vesicle, which gives birth to a certain number of tertiary 
conidia reposing on short basidia. It may be conceived that in this 
way the number of conidia must sa prodigiously increase that the 
exuding drops can be partIy filled with them. The mother-spore 
always remains recognisable by its 1 or 2 large vacuoles. 

D i ag nos ~ s: Caespitibus nullis, sed hyphis in ipsis baccarum 
parenchymate succulento frurtificantibus, intt'icatis, hyalinis, valde 
flexuosis, septatis, ex articulis utplurimum eurtis, saepe p.m. torulosis, 
compositis; infra vage ramosis, sursum semel vel pluries bifurcatis; 
ramis ultimis nune ambobus, tune alterutro sterilibus; ramis fer
tilibus apice globuloso-inflatis, muriculato-conidiophoris; stfrilibus 
apicem versus angustioribus, obtusis, reetis vel eurvatis. Conidiis 
oblongis, utrimque obtusis, hyalinis, continuis, 7 -12 X 21/3 - 5 ft, 
protoplasmate denso, guttulisque 1 ad 2 voluminosis repletis. Arti
culis hypharum 7-10 p crassis. 

t t t t DEUil.TIEil.E. 

a. Didymosp orae. 

FUSICLA.DIUM Bonorden. 

98. FUSICL.A.DIUM C.A.RPOPHILmr Oud.; Cladosporium carpophilum 
Thüm. Oest. bot. Zeits. 1877, p. 12; Thüm. Wiener Landwirthseh. 
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Wocbenblatt 1877. p. 480 i Tbüm. Fgi pomicoli 1855, p. 13; Sace. 
Syll. IV, 353. -- On tbe young fallen fruits of Persica vulgaris, 
in company of Monilia fnwtigena. Raamsdonk, June 25, 1898. -
Sent by Prof. J. RITZEMA Bos. 

Maculae ol'biculares, 1/2 cellt in diam., primo sub epidermidis 
]anugine oecultatae et impereeptibiles, postea vero, eo]ore magis satu
rato fncatae, faeilius distinguendae. Obsorvantur in iis hyphae ereetae, 
curtae, reetae vel flexuosae, fusceseentes, 1-3-septatae, ex myeelio 
superficiali repente sursum tendentes. Conidia acrogena, ovoidea vel 
fusiformia, vulgo continua, rarins bilocularia, eonidiophoris pallidiora, 
20X5-6p.. 

*FuSICLADIUM FAGOPYRI Oud. n. sp. Zittingsversl. Kon. A.kad. v. 
Wet. 26 Juni 1879 i Ned. Kr. Arcb. 3, I, 524; Hedw. XXXVII 
(1898) p. 183. - On ]eaves of Fagopyrum esculentum. - Goor, 
June 26, 1837 i sent by Prof. J. RITZEM.A. Bos. 

In Hedwigia Pisum sativum was a180 mentioned as the foster
plant. This name should however be blotted out. 

(j. 'Phr ag m osp orae. 

CLASTEROSPORIUM Scbweinitz. 

*CLASTEROSPORIUM IRIDIS Oud. n. sp. - Hedw. XXXVII (1898) 
p. 318. - On the leaves of Iris xyphoides, by gardeners mostly 
called I. anglica. - Leiden J une 17, 1898. - Sent by Prof. 
J. RITZEMA Bos. (PI. IV, fig. 16). 

99. OLASTEROSPORlUM LINI Oud. n. sp. - On tbe roots of 
Linum ~tsitatissimum. - Wageningen, Febr. 1900 i sent by Prof. 
RITZEMA Bos. 

Fig. 11. 

Olasterosporium lridis 
Oud. - Conidin. 

Conidia superficialia, solitaria, cylindrica, satis 
regulariter distributa, a mycelio in telis internis 
abscondito producta, pallide umbrina, recta vel 
eurvata, ad polos rotundata, versus basin in pe
dicel1um breve (7-10 X 2 - 3 p), hyalinum, con
tinuum attenuata, vulgo 4-septata, vix constricta. 
Conidia 4-septata mensuris respondent 35-40 X 
10-12,t1 eompartimentaque ostendunt fere aequa
lia. Membrana conidiorum ad septorum cireuitum 
profundius tineta. 
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CRYTPOCORYNEUM FuckeI. 

, 10,0;. CRYPTOCORYNEUM OBOVATUM Oud .. n. sp. -On mouldering 
wood of Quercus Robur. Valkenburg (L.), April, 1900; Mr.:J;RICK. 
-. Caespituli suborbiculares, 1/8-lfo mill. in dja~.,- nunierosi~ p. m: 
dense congesti, ater~imi. Conidia .1ate~obovata, 4.;septata, fuligin'ea, 
fere opaca, ad septa non constrieta, 35~46X161fs-18% ft,' cellula 
basilari minima prorsus' hyalina aucta.· . . ',' _. '. ' 
. Cellularum omriiumtinctarum, '-: numero 4 .--duae supremae in 

corpus late-ellipticum vel .late obovatum conjunctae, maximae,' dtiae 
infimae contra, cum cellula basilari hyalina in pedunculum brevem 
quasi colalitae. Septum supremum conidium vesiculifórm~ prop rio 
dictum in partes 2, valde inaequales: superiorem ne]llpe minorem, 
iriferiorem contrá niajol'El:In dividit (PI. IV, fig: 15). ~ . 

HELMINTHOSPOEIUM Link: 

101. HELMINTHOSPORIUM GRAlIlI~~UM Rabh~ et Oud.- Cf. Zit
tingsv. Kon . .A.k. v.' Wet. 26J uni 1897; ·Hedw.· XXXVII (1898), 
p. 183. - Synopymous with H. teres Sacc. Fgi ital.· del. tab. 833 
and Syll. IV, 412, and with H. gramineum Eriksson "Ueber eine 
Blattfleckenkrankheit der Gerste" aO; 1885, taken over as. aD èxtract 
Botan. Centralblatt XXIX, .. 1887, p. 83 and in Frank, "Die Krank· 
heiten der Pflanzen" 2e Ed. p: 316 (o.0. 1895). ,- Rabenhorst's fungus, 
published in 1857, in his Herb. inycologicum Ed. 2a no :332, does 
Dot dHfel' from the two othermentioned and, accordingly, the name 
given by him must be preserved by right of priority~ 

BR.A.CHYSPORIUM Saccarào. 

*BRACHYSPORIUM FIS! Oud:;ri:,sp. -' Cf. N. K:A"'S, T, 527; 
Hedw. XXXVII (1898) p. 183. - On the leaves of Pisum sati· 
vum; Warfum, June 17, 1897. Sent by Prof. ,J. RrTzEMA Bos. 

CERCOSPORA Fresenius. 

102. CERCOSPOR.Á. Sl>INACEAE Oud. n. sp. - On t.he leaves of 
. Spinacea oleracea. - Nunspeet, June 9, 1899. _. Mr. BEINS. 

Maculae amphigenae, 'utrimque fertiles, pallide viridescentes. vel 
stramineae, variae extensionis (1-10 mill.), saepe confluentes; hyphae 
simplices, fere bacilliformes, continuae vel versus apicem l-sèptatae, 

, " 
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fuligineae,ad polos rotundatae, 40 -:-70 X 3% p. Oonidia acrogenà, 
primo elliptica, denique ohlonga vel 'bacillaria, nodosa; postremo 
cylindraceo-fusiformia, curvata, ad polos rotundata vel acuta, medio 
septata, hyalina, 16-20X3 ft. 

Differt a O. dubia Wint. cOllidiis mu1to brevioribus et angustio
ribus (16":"-20X3 ft contra 60--70X8~9 ft) et a O. betieola conidiis 
multo brevioribus (16-20 contra 70-120 I-t) et l-neque dense 
septulatis. 

HETEROSPORIUM KIotzsch. 

103. HETEROSPORIUM ALLII Ellis et Martin, Journ. of Mycol I, 
100, var Polygona-ti, Oud. n. v. - On the leaves of Polygona
tum multiflorum. --.;:' Nunspeet" Oct. 2, 1899; Mr. BEINS. 

Caespites amphigeni, i1'1'egularite1' distributi in pa1'tibus foliorum 
polymorphrs, satis extensis,zona.p~rpurascente variae latitudinis ci1'
cumscripti; hyphae simplices vel ramosae, septatae, p. m. nodosae, 
1-10~ 190 X 7 ft, oli vaceo-fuliginosae. Conidiä ac1'ogena, primo h y alina, 
ovoidea, continua; denique elliptica vel ob1onga, pallide-fuliginea; 
post1'emo oblonga, 2- vel 3-septatu., subWissime muriculata, pallide 
olivàcea, 28 X 11--12.u, ad septorum altitudinem leviter constrieta. 

104. HETEROSPORIUrtI A VENÀE" Oud. Hedw. XXXVII (1898), p. 
318. ~ On the leàves of A~'ena sativa (Ulrum) and HOl'deum vul
gare (Dordl·echt). - Sent by Prof. J. RITZÈMA. Bos. - Though in 
a letter to Prof. RITZEMA. Bos, I changed the above name into B. 
Cerealium (see his account concerning the, informations given in 
1899, issued from the 'phytopathological Laboratory WILLIE COM
MELIN SCHOIJTEN at Am::;terdam),' because the fungus was found, 
besides on Oats, later also on Barley, I have still come back to ' 
my first denomillation by, reason of rights of priority. 

*HETEROSPORIUM SYRINGA.È Oud. n. sp. -, N; K. A. 3, I, 529; 
Redw.XXXVII, (1898),p. 183., - On branches alld, fruits of Sy-
1'inga ,vulgari8. N unspeèt, ,Nov. 1896; Mr. BEINS. 

r. ,'Die ty 08p orae. 

'. 'CONIOTHECIUM Corda. 

*CONIOTHECIUii JTUGIII Oud. 11. sp. Hedw. XXXVII (1898) p. 318, 
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-- On the. peltate summits of the fruit-seales of Pinus Mugkus. -
Nunspeet, April 11, 1898; Mr. BEINS. 

105. CONIOTHECIUM PSAMMAE Oud. n. sp. - On the leaf-sheaths 
of Psamma littoralis (Ammophila arenaria). - Downs near Brielle. 
Sept. 1871; Oud. 

Caespites mini mi , punetiformes, in sulcis foliorum longitrorsum 
seriati, solitarii vel eonfiuentes. Conidia plurieellularia, h.e. in varias 
directiones divisa, polyrnorpha, variae dimensionis; cellulae eompo
nentes glebularurn globulosae vel multangulares, ferrugineae, 42/3-7 p 
in diam. 

t t t t t STILDEi\.E. 

HYALOSTILBEAE . 

.A. mer 0 spo r a e. 

STILBUM Tode. 

106. STILBUM TOMENTOSUM Schrad. Journ. 1799, lI, p. 65 et 
tab. UI, fig. 2; Grev. Scott. Cr. Fl. tab. 281\; Stilbum parasiticum. 
Ditmar in Sturm. Cr. Fl. Bd. I, 93 eL tab. 46; Sace. Sy11. VII, 
566. - Valkenburg (L.) 1899; Mr. J. RICK. - On Hemia't'cyria 
clavata, sticking to mosses and liverworts. 

Myxomycetis sustentaculum praebentis color naturalis non distin
guendus, quippe qui tota planta fungi parasitantis mycelio involvitur. 
Stil bi exempla omnia e pedunculo et capitulo terminali composita, 
cum ipso tegumellto concolaria. Pedunculus et capitulum a se invieem 
distineta persistunt. Superficies pedunculi tomentosa ad nomen speci
ficum constituendum a Scbradero adhibita est, neque vero fila tenuia 
quae ex eo assurgunt cum glandulis comparanda, uti passim ab 
auctoribus factum est. Sistunt enim hyphas periphericas a corpore 
axili extrinsecus divergentes, singulas conidio minimo terminatas. 

Pedunculos longos invenimus 1/2 mill., crassos 35 ft; capitula vero 
120 fI in diam. Conidia perfecte globosa, hyalina, continua, P/a ft 
in dJam. Hyphae pedunculum constituentes filiformes ad capituli basin 
divergunt, corpuseulumque formant globosurn, cujus superficies farina 
quasi obducta, conidia innumera ostentat. 
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PHAEOSTILBEAE. 

Ph rag m 0 sp 0 r a e. 

ARTHROBOTRYUM. 

107. ARTHROBOTRYUM COPROPHIIJUM Oud. 
n. sp. - On horse-turds. Amsterdam, Oct. 
1899. - Mr. C. J. J. VAN HALL. 

Laxe gregarium. Stipites conidiophori cylin
dracei, alti %, ad 3/4 mill., lati 60-80 P, stricti, 
laeves, glabn, nigri, ex hyphis filiformibus pallide 
fuscis, septatis formati. Capitula globulosa, lactea, 
1/6-1/4, mill. in diam. Conidia catenulata, cy
lindrica, hyalina, ad polos truncata, excepto 

Ärthlobotrgum coprophdum tarnen polo anteriore conidIi ultimi omnia 3-Oud. - a. Stalk Wlth capl" , 
tulum, b.8 chamed cODldm, septata 16-28X4-51/!'.l 
c. cODlwum separately. , 2 • 

t t t t t t TIJDERUIJLMlIE1l.E. 

TUBERCULA.RIEAE MUCEDINEAE . 

.A. mer 0 sp 0 r a e. 

HYMENULA Fries. 

*HYMENULA PSAMMAE Oud. n. sp. Cf. N. K. A. 3, I, 532; Hedw. 
XXXVI (1898), p. 184. - On the sterns of Psamma litto1'alis 
(Ammophila arenaria). - Loosduinen, 1894. 

Ph rag mos p 0 'J' a e. 

FUSARIUM Link. 

*FUSARIUM OPULI Oud. n. sp. Cf. Hcdw. XXXVII (1898), p. 318. 
- On branches of Viburnum Opuhts. - Nunspeet, JUlle 15,1898; 
Mr. BEINS. 
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TUBERCULARIEAE DEMATIEAE. 

Am e r 0 sp 0 r a e. 

CHAETOSTROMA Corda. 

*CHA.ETOSTROMA. CLIVIAE Oud. n. sp. Zittingsversl. - Kon. Akad. 
v. WeteDsch. 28 Nov. 1896, p. 226; Ned. Kr. Arch. 3, I, 533; 
Hedw. XXXVII (1898), p. 184. - On the leaves of Olivia 
nobilis. - Hees near Nijmegen; October and November 1896.-
Prof. RITZEMA. Bos. 

t t t t t t t UTfJELIJl. STERILIJl.. 

108. ECTOSTROMA. TRIGLOCHINIS Oud n. sp. - On the sterns of 
Triglockin pa lustre. - Nunspeet, Oct. 8, 1899; Mr. BEINS. 

Maculae nigrae, juxta longitudinem ad Ruperficiem caulium exten
sae, structurae parenchymaticae, e seriebus cellularum partim longio
rum, partim breviorum, nUDc alternatim tunc vero absque ordine 
dispositarum, semper véro arctissime inter se cohaerentium, stomatibus 
exceptis sine meatuum 'intercellularium vestigio contextae. Maculae, 
vel potiua membranae longitudinem attingunt 3 centim. internodiaque 
vel caulem perfecte involvunt. Sporulae non visae. 

Chemistry. - Prof. C. A. LOBRY DE BRUYN presents, also on 

behalf of Mr. W. ALBERDA. Y A.N EKENSTEIN a paper entitled: 

"A new kind of formal-(methylene-)compounds of some 

oxy-acids. " 

In the preparation of the formal-compounds of polyhydric alcohols 
and of oxy-acids it has been necessary up to now to caU in the 
aid of astrong mineral acid to effect the condensation. The change 
which then occurs takes place between the formaldehyde and the 
hydroxyl groups which possess an alcohol function; in the case of 
the oxy-acids the carboxyl groups take no part in the reaction so 
that the formed compoullds still remaill aeids. 

In the case of several oxy-acids, Ilamely those which cOlltain in 
their molecule only one alcoholic hydroxyl group, the efrorts to prepare 
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formal.:.compounds have 'only: given', a negative result. Even with 
tartaric acid which contains two hydroxyl groups" WEBER and 
TOLLEN::! 1) only succeeded withdifficulty in getting ,a very small 
quantity of. a ,compound ,of which they are still.in doubt whether 
it may be really derived from the, unaltered aci~. ' 

We,' have ,found, some time ago that formaldehyde' reacts with 
tartaric,' citric, ,malie and lactic' acids when operating in purely 
aqueous 'solutions. ,The compounds found happen to be extra
ordinarély sensitive, towards acids; ,these at once restore, the com
ponents. 'rhe new formal~compounds also différ, from those already 
known, becaus~, at their formation, the carboxyl group takes part 
in the reaction. , In the case of tartaric acid a, compound is formed 
w hich no ,longer possesses acid properties ; the trib~sic citric acid 
becomes dibasic and, the dibasie malie ,acid becomes monobasic. 

The new compounds are formed by repeated evaporation of the 
solution of the acids with an excess of formaldehyde. As the acid 
itself prevents ' 'its reaction "with formaldehyde and the compound 
already undérgoes a 'slight- decomposition ·in the presence of warm 
water, i(' is not' astonishing that each time, only' asman quantity 
(ab out 5 per cent) is formed which must be' extracted by shaking 
withether 'or better still, with, chlóröform or benzene. Sometimes 
the compound crystallises slowly from the concentTated syrup. When 
removed by' shakingotit, thG r~sidue may be againtreated with 
formaldehyde in ordf\r toobtain à fresh quantity. We are, therefore, 
dealing here with, aD equilibrium. " " , 

From d-tartaric aCid was obtàined a white substanc~ crystallising 
in needles 'with a nielting point of 117° and a rotatory power of 
+ 112°. Acco:t:ding to the analysis and ,the determination of the 
number ,of inethylene groups by means of phloroglucjnol and hydro-
chloric acid, tbe c~mpound is O~ H~ 0 6,01' : ' 

00" 0 It is neutral. The compositiori was also deter
, I /0 >CHz ' mined by warming with' a known quantity of 
HO normal alkali and titrating the excess. On evap-
H6,,-, 'oratin~ the subst~nce with pure water, or very soon 

I O>OHz 2) by ,aClds or alkahs, the components are reformed. 
00/ 0 " In quite a, similar mannel' ,is' formed from anti-

',< • 

~ 

1) Ann,' d. Chem.299. 335. 
2) Attempts will be mnde to determine the mol. weights of this !lnd the following 

substances .• ' '",':';'" '" ",' ",', ,', 



- 422 -

( 402 ) 

tartaric acid a compound melting at 1060 which, as might be 
expected, is inaetive. 

Tt seems very peculiar that we have not succeeded in preparing 
a formal-compound from uvic acid. This again crystallises unaltered 
on evaporation even af ter heating above 1000. It, therefore, seems 
that the tendency of d- and l-tartaric acid to unite in concentrated 
solutions to molecules of uvic acid is greater than tha( which causes 
the formation of the very unstable formal-compounds. We will 
investigate this point more closely as soon as we have the formal-
compound of l-tartaric acid -at oul' disposa!. ~ 

Oitric add yields a readily crystallisable compound melting at 
200°, which contains only one methylene group. From the analysis 
and the determination of the formal follows the composition 0 7 HS0 7; 

the most probable formula beillg: 

fH2 000 H This substance may be first titrated as a dibasic 
0< 0 >OH but aftel' warming as a tribasic acid. Malie acid 
I 000 2 also reacts wHh formaldehyde; this is already ap-
OH2 000 H parent from the change in the rotation. By shaking 
with benzene an oily liquid may be isolated from the syrupy reaction
product whieh still remains liquid when strongly cooled. It is 
nearly insoluble in water, has an acid reaction and is laevorotatory. 
According to a determination with the aid of phloroglucinol and 
hydrochloric acid it contains one methylene group. The formula 
is therefore, probably 000 H-OH2-OH - 0 = 0 

I I 
0.OH2·O 

With salicylic and oxalic acids no change occurs when they are 
treated with formaldehyde in the manner described. Other oxy
acids, of which it is already known that they yield formal-compounds 
by treatment with formaldehyde in the presence of an add, will 
be more closely investigated. 

It may be further observed that sugars also react with formal
dehyde in the absence of an acid. This is shown by the very 
important changes which take place in the rotations; that of glucose 
is nearly doubled whilst those of galactose, fructose, arabinose and 
mannose are considerably lessened; rhamnose which is dextrorotatory 
becomes laevol'otatory. The new compounds are, however, of a syrupy 
nature; attempts to obtain from them cl'ystallisable substances have 
therefore not yet been successful. On evaporating them a few times 
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with pure water, the combined formaldehyde is volatilised and the 
unchanged sugars crystallise; the combination is consequently a 
very feebIe one 1). 

The investigation is beillg continued. 

1) We observe that benznldehyde aI80 rencts when beated with nqueous solution8 
of tartaric acid, anti-tartaric acid, citric acid and glucose; the products are ho wever, 
all liqUld, syrupy and very unstable. Tartaric aCId becomes Ieft-handed and the rotatlOn 
of glucose is much diminished. 

(December 19, 1900). 
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KONINKLIJKE AKADEMIE VAN WETENSOHAPPEN 
TE AMSTERDAM. , 

PRQCEEDINGS OF THE MEErrING 

of Saturday Decembe~ 29, 1900. 

---_o.::)'lO ..... .:....' ---

(Translated from: :V~rslag va~ de gewone verganering der Wis- en Nat~urk~n~ge 

, Afdeelingvan Zaterdàg 29 December 1900 Dl. IX). ' 

CONTENTS': Dr. J. F. VAN BEMMELEN: "Third note concerning certain details of the Monotreme
aknll" (Communicated by Prof. A. A. W. BUBRECHT), p. 405. - Dr. E. VAN EVER' 

" DINGEN JR:' "On 'thc BALL-effectand the resistance 'of crystals of bismuthwithin 
and without the magnetic ,field" (continued) (Communicated by Prof. B. KÀMERLINGH 
ONNES), p. 407 (With one plate) - J. C. SCHALKWIJK : "Precise Isothermals" . I. (Com
municated by Prof. B. 'KAMERLINGH ONNES), p. 421 (With one plate). - Prof. H. A • 

. , LORENT2.:: "The theory, of. radiation arid. the, second law of Thermodynamics", 
p. 43~. - Dr., .P. VAN BOMBURGll: "On the essential oil fl"Om the leaves of Alpinia 
malaccensis Bosc." p~ 451. - Dr. P. VAN BOMBURGH: "On 'thc action of nitric acid 
on the ester~ of methyl-phenylaminoformic acid", p. 451. -:- Dr. P. VAN RoMBURGH: 
"On the essential oil from Ocimum Basilicum L.", p. 454. 
, ".", \'.' ' 

The following papers were read: 

ZoologY., -' '" Third note concerning certain details of the Monotreme
skull." By Dr. 'J. F. v A.N BEMMELEN The Hague. (Commu-:-
nièated by Prof.À. À., W. HUBRECHT.) , 

Ethmoïd and Max,illo-turbinale .. 

In the· structilre of thèir ethmoïd-bone Ornithorhynchus and 
Echidna present 'great differences: the former having only one single 
opening 'for tbe olfactory nerve and furthermore differing from all 
otbermammals, by the exceptionally low number of only th ree 
ethmo-trirbinals; the látter on the contrary showing a' lamina cri
brosa of· uncommori Bize, wbile by thevery high number of eigbt 
primary and a number of secondary ethmo-turbinalsit occupies an 
equally . exèeptional b.ut opposite posiÜon. ... . .. 

Comparing the two Monotremes among themselves, the conclusion 
27 

Proceedings Roya.l Acad. Amsterdam. Vol. IIl. 
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8eems to be justified that the structure of the ethmoïd in Echidna 
may have developed from a starting point like that of Ornithoryn
chus by the conchae increasillg in number, and thereby necessitating 
the higher differentiation of the lamina cribrosa. 

The question then arises: where have these new conchae made 
their appearance: before or behind the primary th ree ? The answer 
must be in the lat ter sense, as there is no space 1eft at the anterior 
side of the primary conchae for the intercalation of new ones, 
because in both animals the naso-turbinal and maxillo-turbinal are 
placed immediately in front of the first ethmoïdal concha in an 
absolutely ideniical position. 

I am strengthened in this view by the observation, that in both 
forms the foramen sphenopalatinum is situated j ust _ beneath the 
third concha: thus, while in Ornithorhynchus it is found at the 
back side of the conchal area, in Echidna it occupies the interspace 
under the third and fourth concha. 

This opinion harmonizes with the coneinsion, wbich SEYDEL 1) 

has arrived at by inveRtigating the development of the nasal area 
in Echidna. He found the first rudiment of the ethmo-turbinalR as 
one single protuberance on the laieral wall of the nasal cavity, 
which afterwards became di vided into three parts by vertical grooves. 
SEYDEL makes reference to tbe observations of W. N. PARKER 2), 
on a young of Echidna, which showed six ethmo-turbinals, decreas
ing in size from befare backwards, and thereupon gives as his 
opinion: (p. 515): "This gives certain evidence of a successive 
formation of new (olfa.ctory) knobs behind the first-formed." 

In most mammals the increase in number of the conchae in a 
caudal direction goes hand in hand with the cxcavation of the body 
of the spbenoïd bone, i. e. the development of the sinus sphenoï
dalis, by means of which the necessary space is obtained for the 
lodging of the new conchae. Echidna is among these mammais, 
for at the bottom 'of the hindmast five canchae a horizontal bony 
plate is to be faund, taking its origin from the underside of tbe 
floor of the seUa turcica, and stretching forward towards the 
level of the foramen sphenopalatinum, where it ends in a sharp 
concave border. 

1) SEYDEL. O. Ueber Entwicklungsvorgange an der Nnsenhohle und urn Mundhbhlen· 
dache von Echidna nebst Beitragen zur Morphologie des peripheren Geruchsorgans 
und des Gaumens der Wirbelthiere, in R. SEMON, Zoologische l!'orschungsreisen in 
Austrul1en und dem Mnlayischen Archipel. Bd. III Lief. 3. 

2) PARKER. W. N. On some points in the structure of the young of Echidnll 
aculenta. Proc. Zool. Soc. London 1894. 
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In other mammals this bottom-plate of the sphenoïdal sinus has 
been called by SEYDEL lamina termina1is or "untere Schlussplatte " 

Though in Ecbidna it is weU deveJoped and easily visible in a 
paraseptal section through the macerated skuII, its occurrence in 
this animal hitherto seems to have escaped notice, fol' not only is 
it absent in the figure ZUCKERKANDL has given in 1887 in his 
"Geruchsorgan der Säugethiere", but it is equally omitted in the 
more recent illustration of GEGENBAUR'S new Handbook of Vertebl'ate 
comparative anatomy (1898). 

The structure of the maxillo-tul'binal is the same in both Mono
tremes; it corresponds to the "verästigte" (ramified) type of HARwooD
WIEDEMANN, tbe only difference between tbe two forms being that 
in Ornithorhynchus it is somewhat larger and more complicated. 

ZUCKERKANDL'S - statement, that there exists a difference in this 
respect between Ecbidna and Ornjthorhynchus, tbe first having a 
doubly-coiled ("doppeltgewundelles"), the latter a folded Cngefaltenes") 
maxilIo-turbinal is erroneous, and it is all the more desirabie that 
tbis mistake should be elucidated, as it has found its way unaltered 
into GEGENBAUR'S new handbook. Yet, as far as regards Ornitho
rhynchus, the veracity of the statement had al ready been challenged 
by SYMINGTON 1), and for Echidna, by W. N. PARK ER (l.c.) who, 
though agrecing with SYMINGTON, yet came to the conclusion, that 
Echidna 's "maxillary turbinal apparently belongs to the folded 
(" gefaItene") and not to the doubly-coiled ("doppeltgewundene") 
variety." 

Transverse sections through the organ, in the preserved as weU 
as in the macerated state, leave no doubt that there exists a complete 
agreement between Ornithorhynchus and Echidna, both showing a 
well-marked branching type. 

Physics. - Dr. E. "VAN E"VERDINGEN JR., "On the HALL-effect 
and the resistance of crystals of bi.'lmuth within and without 
the magnetic field" (Communication N°. 61 (continued) from 
the Physical Laboratory at Leiden, by Prof. H, KAMERLINGH 
ONNES). 

,t, Oomplete 1'esults for the HALL-coefficient. Tt was mentioned 
in § 2 of the Rrst part of this Communication 2) that the relation 

1) SYMINGTON, J. On the nose, the orgun of Jacobson and the durub-bell-shnped
bone in the Ornithorhynchus. Proc. Zool. Soc. London 1891, png. 575. 

~) Versl. d. Verg. Kon. Ak. v. Wet. 29 Sept, 1900, p. 277. Corum. Phys. Lab. 
Lelden, N°, 61. 

27* 
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Ijllillt found before between the HA.LL-Coefficient and the position of the 

I
JlilirIl principal axis with respect to the lines of magnetic force was con-
ill firmed in these recent experiments. The bar N0. 1, with its longest 

I.~II:II:I dimension parallel to the principal axis, and N°. 2, 3 and 5, with 
ti their longest dimension and two sides perpendieular to the principal 
rl
1
1f11 axis (for the position of these bars compare fig. 1 in }he first part 

~ll of this paper) were each tested in four positions. In these the 
11: 1: longest dimension (also direction of current) was always horizontal 
"il 11 and perpendicular to the lines of force of the horizontal electro-
1'1

1111 
I N magnet, while each of the- four sides consecutively took the upper 
;1

1
1 1 i horizontal position. Hence with N°. 1 the principal axis was always 

1111' I perpendicular to the lines of force (position .L), with 2, 3 and 5 
!jlf 11 alternately perpendicular to and parallel to the lines of force (po-
~llll sition 11). For the sake of simplicity the differences between the 
11111: results in the four positions of N°. 1 and in the two positions .L 

\1' or /1 of the other hars will not be mentioned, and only mean values 
I11 will be given. Very likely these differences are caused by smaH .JII I 

Illt
l irregularities in crystaIlisation and smaU deviations from the exact 

I
1 

I 

!III:I position in the experiments, and they are not to be compared to 

1

1 the differences between positions II and .L. 
II1 
1I1 I All observations have been reduced to the same magnetic fields 1) 
I' 1 and to the same temperature (15 0 C.). 
I 1 
11'1 
11) 
1 I 

i' 1 

~I [11 

1 fll 
,11 

11

1

11 I 

I1

I1
1 

'I 
1111' 

N°. 

1 

2 

3 

5 

HA.LL-Coefficient R. 

Magnetic field 

4600 2600 

.L II .L Ij 

- 8 0 -102 

-106 -02 -126 -0.7 

- 8.8 00 -11.1 -0.4 

- 8.2 +0.6 -106 -0.1 
~II : 
!I!i 
Ijl i The small value of the coefficient in the position II and the 
1)11 reversal of sign with N°. 5 were first pointed out in § 2 of the 
! I'rl first part of this paper. 
II11 

1\ : I} The numbelS given in § 2 for the magnetio field appeared afterwards a httle 
II I too high. Eor this rens on nnd on account of the correction for temperature the num-
\ 11 

1 bers for 2, 3 and 5 dIfier slightly from those given before. 
i I 
I1I 11 

1
11

'1 
1" ~ I ilill 
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From the numbers in the Ilolumns headed ol it appears that the 
experiments afford no reason for making a distinction between the 
positions in which the current is parallel (as with 1) and those in 
which the cur1'ent is perpendicular to the principal axis (as with 
2, 3 and 5). This Booms to indicate that, as was admitted before, 
only the angle between the principal axis and the lines of force 
determines the value of the HALL-coefficient. 

In order to find the form of this relation the bars N°. 4 and 6, 
in which the principal axis makes an angle of 60° with two of the 
sides and is parallel to the other sides, were also tested in two 
positions. 

In isotropic substances the HALL-effect for currents in an arbitrary 
plane V is determined by the product of "thp" HALL-coefficient into 
tbe component of tbe magnetic force perpendicular to that plane. 
This may however al"o be l'egardeà as the product of the whole 
magnetic force into aspecific HALL-coefficient tor the plane V. 
This coefficient would be obta.ined by multiplying the coefficient for 
a norm al magnetic force by the eosine of the angle between the 
actual direction of magnetic force and the normal to the plane v. 
We sha11 apply this principle to the HALL-effect in a crystal of 
bismuth, and for this purpose resolve the magnetic force into the 
direction of the principal axis and the transverse direction. Let us 
assume that we found for currents in a plane ol to tbe principal 
axis and the magnetic force a HALL-coefficient Rl' for currents in 
a plane II to the principal axis and ol to the magnetic force a co
efficient R2 • The simplest supposition in the ca.se of a magnetic 
force M in a direction inclined at an angle a to the principal axis 
is then, that the BALL-effect in the plane ol to J1. now consists of 
two parts, one caused by the component M cos a, II to the principal 
axis, one caused by the component M sin a, ol to the principal axis. 
The HALL-coefficient R in this case is then given by 

In this deduction for simplicity Rl and R2 are taken as constante 
and not as functions of the magnetic force, as is the case with 
bismuth. As we aim only at an approximation this will not be 
open to objection ; we remark only by the way that with an isotropic 
substance where R was a function of M, this method might lead 
to wrong results. 

As appears from the table the value of Rl for crystalline bismuth 
is very smaU as compal'ed with R2, so that we may Olnit the 
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term with Rl (which moreover is rather uncertain) except for 'Very 
smaH values of a. Then R becomes equal to oR')" sin2 a. 

We give here the values, observed with the bars N°. 4 and 6 in 
a magnetic field 4600 for 1l'}, and Rl and the calculated values 
R2 sin2 a, where a is 30°. 

NO. IJ R; R ~ sin2 C1. 

4 JO.3 2.5 2.6 

6 12.2 3.1 3.1 

1'he agreement between the observed and calculatedcR is as good 
I 

as one eouId wish, sa that the simple supposition leading to the 
formuia for R is confirmed. The values for R2 do not differ too 
much from those found with the bars 1, 2, 3 and 5. 

If the equation for R is written in the following form: 

(_1_)2 cos2 a 
1= VR 

(v1R) 
2 

it appears that R may be obtained by the oonstruction of an ellipsoid 
of revolution with V Rl as axis of revolution parallel to the prin
c~pal axis, and V R')" as perpendicular axis. The radius vector in the 

'1 
direction of the magnetic force gives the vaIue of - for the plane VR 
perpendicular to the magnetic force . 

.A.lso with a view to the results, mentioned below: obtained for 
the tesistanee in the magnetie field it appeared useIess to conneet 
the H.A.LL·eoefficient with the magnetisation (M.A.XWELL'S vector .:5), 
as has been done befare 1). 

5. Besistance of the bismuth crystals. 
The first object of these measurements was to test whether in 

regularly crystalJised bismuth an increase of resistance would occur 
when the current flows in the direction of the lines of magnetic 
force. For irregular (cast) bismuth-plates this qUflstion had been 

l) Vers!. der Verg. 21 April 1897, p. 501; 26 Juni 1897, p. 611. Comm. N°. 37 
p. 18; Comm. N°. 40. p. 3. 
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answered in the affirmative by the experiments of GOLDHAMMER 1) 

and others. The result of the investigation with three bars of bisllluth 
from MERCI:{ and mentio~ed in Communication N°. 37, likewise 
gave an answer in the affirmative. The increase of resistance, though 
smalI, was comparable to that found in positions II when the current 
was perpendicular to the lines of force. 

It was now considered desirabie to carry out a set of measure
ments so complete that for an arbitrary relative position of principal 
I:I.xis' and magnetic force the resistance in any direction would be 
known. The bar of which the greatest dimension was parallel'to 
the principal axis, MERCK N°. 3, was however hardly longer than 
the' distance between the "resistance-electrodes", so that for this 
research other material was required. I found this in the crystal 
of bismuth put at my disposal by Mr. PERROT and shall now 
publish only the results obtained with that. 

In these experiments we must take into account the relative 
positions of three directions : principal axis, magnetic force and 
current. In the figures 2a, band c (PI. I) the principal axis is 
always represented by a single arrow, the magnetic force by a 
double arrow, while the direction of the cUl'rent, always coinciding 
with the longest dimension of the bars, is indicated by radii vectores 
Oa, Ob, Oe etc. 

The experimellts in the magnetic field may be divided into th ree 
groups: 

I. Magnetic force .1. to principal axis. 

lI. 

lIl. » 

» II » 

» and 

» » 

» » at an angle of 60°. 

For group I and H, and for the resistance without magnetic 
field it was very probabie that the resistance in any direction with 
respect to tne principal axis would be found by the aid of an 
ellipsoid with its axis coinciding with axes of symmetry of the 
crystal. For, these axes will remain axes of symmetry, BO that the 
relation between electromotive force and current density can be 
expressed by equations like: 

X=rlU Z= ra 'W. 

1) Wied. Ann. 3), p. 360, 1887. 
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When a current 1 flows in a direction determined by _ the aJlgles 
a, (1 and r with, the axes Oa, Ob and Oe,. -- -

u = 1 cos a, v = 1 c08/3, 'W = 1 eosr, 
, , 

",hile the potential gradient, E in the direcÜon -(a, (i, r) which 
measures the resistance, is given by 

,E -:- X cos a + ,Y e08 (i + Z C08r "," 
, , 

I 
" .... ~ 

hence 

E = 1h cos2 a +1'2 e082 (i + 1'3 C082 r) " 1'1 

and 
' •. (*) 

This written in the form 

( 
1 2 ( 1 )212 ' 

, -, ) cos2 a -, C~82 (i (-) Cos2 r 
1 _ V l' 11'1', ' Vr , 

- 1 2 + 1)2 + 1 2 

',' C/1'J , '(V1'2 ' '(1/1'3)' 
indicates that l' may be found by the construction of an ,ellipsoid 
with the square roots of the, conductivities in three principaldirect
IOns as axes, 

Themeasurements iD;dicate, that very likely also the resistances 
,in group IU can be found by means of sueh an ellipsoid. 

We will treat now successively of: 
lat, the resistances without the magnetic field j 
2nd, the resistances along the axes in the three groups in the 

magnetic field j -' . . -

, 3rd • ,the ,resistances in other' directions,compared with 'values 
ealculated from the results ,of 2nd by means of the above formula (*). 

6. The resistance.s without the~agnetic field, 
, ,Witb ,each of the six' bars the resistance was measured at' least 

four times, i.e, with the resistance eleetrodesat.,least once ,on each 
,of the four sides (af ter the method desqribed in Oommunication 
N°. 48) and mean, values were calculated from the results. 

The results are given her6; l' is, expressed ,in the unit 10-5 

O.G.S., the conductivity }.. in the uni~ 10-6 O.G.S., V}..in,the 
unit 10 3 a.G.s. ' 
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Plate I. 

E. VAN EVERDINGEN Jr.. On the HALL. effect and the resistance of 

crystals of bismuth whithin and without the magnetic field." 

I 

P,!!. 2a.. 

H 

Hl 

~ 

~ 
'\ 

" 

.' 
" :: 

Prooeedillgs Roynl Aend. Amsterdam. Vol. Hl. 
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NO 1 2 3 5 4 6 

r 3.48 229 232 207 250 285 

).. 2 87 4 37 4.31 4.83 3.86 3.51 

V À 1 70 2 09 2 08 2.20 1. 96 1. 87 

It appears that the resistance of N°. 1, that is the resistance in 
the direction of the principal axis, is considerably larger than that 
in the transverse directions with 2, 3 and 5. As irregularities in 
crystallisation can only diminish the ratio of these resistances we are 
lead to assume that the ratio of the resistances of N°.1and 5, 
3,48 : 2.07 or 1.68 : 1 approaches nearest to the ratio for a perfect 
crystal. (Also according to the results for HALL-effect 5 was the 
most regular bar). For the whole prism PERROT found as ratio of 

thermo-electric farces !i 2.00 as a mean, hence a ratio of the same 
.L 

order of magnitude. 
The mutual dlfferences between 2, 3 and 5 are relatively smaIl. 

Rence we may assume that these differences woulel vanish in a 
perfect crystal, sa that the ellipsaid of conduction without the 
rnagnetic field would be an ellipsaid of revolution. As axes for this 
we take the values of VÀ obtained with 1 and 5, that is 1.70 and 
2.20. With these values in the figures 2a, 2b and 2c the lined 
rircles and ellipses have been drawn, all dimensioDs parallel to thö 
principal axis (~) being reduced in the ratio 2 : 1. 

For the direction of N°. 4 and 6 a value of the resistance may 
now be calculated. We have C( = 60°, /3 = 30° and r = 90° or a = 60°, 
(3 == 90° and r = 30°, hence for both r is found from 

r = 3.48 cos2 60° + 2.07 cos'), 30° = 2.42 

This value is smaller tban bath the observed values. If conversely 
from the numbers 2.59 and 2.85 a is calculated, tben for N°. 4 
53° is found, for N0. 6 42°, instead of 60°. It is not certain however 
that the differences are only caused by deviations fr om regular 
crystallisation. For, PERROT faund for the density of his four best 
prisms numbers from 9,809 to 9,887, when the bismuth was always 
from the same souree and had always been subjected to the same 
treatment; even in one ana the same casting different densities 
were found. Hence it is possible th at in the prisms toa the density, 
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and with it the l'esistance, varies in different points, as has been 
suggested by PERROT himself 1). Accordingly the results with N°. 6 
are only partially less satisfactory than those found with 4. 

From the remainder of the crystalline pieee anotber or seventh 
bar was cut, corresponding in original position as much as pOBsible 
with N0.6. The resistance of this appeared to be 2.74, only slightly 
differing from No. 6. Nevertheless in the further experiments this bar 
usually gave bettel' results than N°. 6. 

7. The resistances along_the axes in the magnetic field. Without 
the magnetic field in the plane perpendicular to the principal axis 
all sets of two lines at right angles may be assumed to be axes. 
In the magnetic field a difference is possible between tbe direction 
which lies at the same time in the plane through principal axis and 
magnetic force and the perpendicular direction. We choose the original 
directions of the hars 2 and 3 as axes. In order that these directions 
shall remain axes also in the magnetic field, it is only necessary to 
suppose that the crystal revolves about the principal axis untill these 
directions coincide with the planes of symmetry determined by the 
magnetic force j nothing is thereby altel'E'd in the properties of the 
crystal as described with respect to the principal axis and the 
magnetic force. In the experiments the bars 2, 3 and 5 can then 
be used indiscriminately, for instanee for measurements in the posi
tions Ob and Oe, proviued that care is taken to obtain a correct 
adjustment of the relative positions of principal axis, magnetio force 
and direction of ourrent. 

We first give only percentage inol'eases of resistance, always lD 

a field of 4600 C. G. S., and at 15° C. 

Group I. Fig. 2a. Magnetic force J. principat axÏ8. 

NO. 
Oa 

L3.0 

2 

3 

5 

Position 

Ob 

51 

5.0 

45 

Oe 

9.9 

84: 

8.0 

1) Arch. d. Sc. phys. et na.t. (4) 6. p. 255. Septembre 1898. 
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Each of the numbers under Oa and Ob is a mean of four, each 
of those under Oe of two corresponding positions, which usually 
showed only small differences. 

For the construction of the new ellipsoid (dotted) the values for 
1 and 5 we re used. These give for the new aris the values: 

(Oa) g~O = 1.60 (Ob) g~O = 2.16 (00) g90 = 2.12. 
3 

Rence the ellipsoid of conduction has now three unequal axes. 
In the plane perpendicular to the magnetic force the rcsistances are not 
proportionally increased. The simple hypothesis, formulated before 1) 
and reconcilabIe with the former imperfect material, which assumed 
a proportional increase of rC:'sistance in this plane, must now be 
abandoned. However for thc explication of the dissymmetry of the 
HALL-effect in blsmuth, which was originally the object of this 
research, and for the description of the increase of resistance in 
the magnetic field this is a simplification. According to tbe researches 
of LEBRET and of myself the unequal increase of resistance in 
two perpendicular directions causes the dissymmetry. It has now 
become superfluous to take the direction of tbe magnetisation (~) 
into account in order to explain this inequality. As will appear 
from what follows, in each case where the principal axis is not 
perpendwular to the plate a disproportional increase of resistance, 
and with that dissymmetry, will be found. 

In the figure the differences bet ween the new axes and the old 
on es are drawn on a twice magnified scale in order not to render 
the drawing indistinct. 

Group IJ. Fig. 2b. Magnetic force /I principal axis. 

Positlon 

aiJ Oe or Of 

1 ~.'i 

2 5~ 

3 4~ 

5 2.9 

1) Yersl. d. Verg. 21 Apri : 897, d. 501. Comm. NO. 37. p. 18. 
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The number under Od is a mean of four observations, the other 
numbers of two observations. 

As there is no theoretical difference between N°. 2, 3 and 5 or 
the positions Oe and Of the latter are united in one column. 80 
the ellipsoid remains one of revolution, while the whole variation 
is murh smaller than in the preceding case. With the values for 
1 and 5 the new axes become 1.68 and 2.17. With the value for 
1 and the mean for 2 and 3, 1 68 and 2.15. For the figure we 
chose as new axes 

(Od) D~ = 1.68 (Oe, Of) gg = Dg = 2.16. 

In order to keep the drawing distinct it was bere neressary to 
draw the variations to the scale of four. 

Group lIJ. Fig. 2c. Magnetic force and p1'incipal axis 
at an angle of 60°. 

Og 

1 11.2 

2 

5 

Position 

Ok 

41 

40 

Ok 

9.1 

7.6 

Here also the three axes of the ellipsoid are unequal. With the 
values for 1 and 5 as a basis, the new axes become 

(Og) g~O = 1.61 (alt) g~O = 2.16 (Ok) 9:0 = 2.12, 

hence only slightly differing from those in group I. 
In the figure the differences are drawn on a double scale. 

8. Resistances along other directions in the magnetic field. With 
regard to the differences between the results for corresponding bars 
even without the magnetic field, mentioned in § 6, it would not be 
allowable to directly compare resistances observed in the experiments 
of this § with calculated resistances: as in most ca8es the calculation 
will be based upon experiments with othpr bars. More is to be 
expected from a comparison between observed and calculated increases 
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of resistance in the magnetic field and we will make the comparison 
in this manner. We should not however expect more than an approx
imate agreement. 

For the calculation the following method was used: for each direction 
of experiment the resistance was calculated by means of the formula : 

in which for 1'1' 1'2 and 1'3 the values applying without and in the 
magnetic field we re consecutively substituted. From the two results 
a percentage increase of resistance for the direction a, (3, r was 
deduced, and this was compared with the percentage increase directly 
observed. 

As an example of calculation: 

Magnetic force .L principal axis. Direction On (fig. 2a). 
IX = 60°, (3 = 90°, ,,= 300

• 

1'1 = 3.48 1'2 = 1'3 = 2.07 
1'90 = 3.93 1'290 = 2.16 1'90 = 2.24 

1 8 

l' =1'1 cos2 60° +1'3 cos2 30° = 2.42 

1'90 = 1'90 cos2 60° + 1'90 cos2 30° = 2.66 
1 8 

. f' 0.24 9 9 0/ Percentage mcrease 0 reslstance 2.42 =... o' 

Here follow the results for the three groups; the indices of the 
r's correspond to those, of the g's. 

90 
r~ =216 

Pero. inorease of resistance. 

Direction (t, (3, ,- N°. along the axes 
observed oaloulated of the corresponding ellipse 

greatest 
1 

smallest 

Ol 600, 300, 900 4 10.2 7.5 ]3.0 4.5 

» 6 9.2 l) 

» 7 6 6 » 

Om 900 , 450 , 45° 5 5.5 6.3 8 0 4.5 
J 

a,t 600, 90, °30° 4 8.7 9 9 13.0 8.0 

» 6 10.2 » 

» 7 9.4 ~ 
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The most important deviations occur with the direction Ol where 
the increase of resistance for the axes is most different and accor~ 

dingly a deviation of the direction of the axis has the largest infiu~ 
ence. In each case the observed increase of resistance lies between 
the values of the last two columns. 

Group IJ. Fig. 2b. Magnetic force Ij prlncipäl axilJ. 

As there exists here no theoretical difference between the directions 
Oe, Of and Op and also bétween tbe bars 2, 3 and 5, for experi~ 
mental purposes ollly the aequivalent directions 00 and Oq are left. 

Pere increase of resistance. 

Direction et. {3, r NO. along the axes 

observed calculated of the correspondiug ellipse 

greatest I smallest 

0. " Dg 1600, 30°, 90° 4 3.5 3.5 3.8 I 2.5 

6 5.1 1/ 

I 7 4.0 " 

Group lIJ. Fig. 2c. Magnetic force ut an angle of 60° with 
the principal axis. 

As mentioned before in § 7 in this case a doubt might arise 
whether the resistances will allow of a deduction from an ellipsoid 
and whetber casu quo the axes will still be in the same directioDil 
as in both the former cases. An experiment which throw~ some 
light directly upon this question i,S the comparison of tbe increase 
of resistance in the directions Or and Ov. For tbe ellipsoid these 
are aequivalent; but for one of them the current is parallel to the 
magnetic force, for tbe otber one the current fiows at an angle of 
60° to the magnetic force. The resuJt of this experiment was: 

\ 

» 6 

» 7 

Or 

9.3 

6.8 

6.8 

Ov 

9.3 

7,9 

6.0 
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Hence with N°. 4 the agreement is perfect; with 6 and 7 the 
deviat\ons are in opposite directions. Therefore tbis re sult may be 
considered as cOllfirming the supposition of an ellipsoid. 

The results of the further experiments were: 

6D 
r, =3 87 

60 
rs= 2.23 

Pero. inorease of resistance 

Directioll :t, (3, r 1'\0. along the axes 

observed calculated of the corresponwng eIlipse 

greatest I sruaJlest 

Or or DIJ 60 0
, 300

, 900 4 7.7 6.6 11.2 4.0 

H 6 6.9 " 
7 6.6 

, 

" 11 

Os 900
, 60 0

, 300 5 6.7 6.8 7.6 4.0 

Ot 60°, 900
, 300 4 7.3 9.1 11.2 7.7 

I 7 8.5 
I I 

The deviations in this case are certainly not greater than in the 
other groups, so that they may be considered as not contradictory 
to the supposition th at in this case also the resistances in all 
directions can be found by means of a conduction-ellipsoid on the 
axes of symmetry. 

9. This result would at ollce be explained if we were allowed 
to assume that, üi the case of a magnetic force inclined with respect 
to the principal axis, tbe increase of resÎstance for each axis would 
be found as the sum of two increases, one caused by the component 
of tbe magnetic force parallel to, the second by the component 
perpendicular to the principal aX1S. 

In order to test this hypo thesis by means of the experiments it 
was necessary to know tbe function connectillg the increase of 
resistance with the magnetic force in this bismuth. For this pur
poee I could use the formula deduced before 1) 

-
I) Versl. d. Verg. 25 Mnnrt '119, p. 485. Comm. NO. 48, p. 4. 
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As in most positions the increase was somewhat small for a 
reliable determination of the constants in this formula, I assumed 
that Cl would have sensibly the same value for the various posi
tions and axes, and on1y made somA experiments for the direction 
Oa, in magnetic fields 2300, 3750 and 5800. These furnished for 
tbe constants the values 

01 = 0.19 O2 = 1.29. 

In the experiments of gtOUP 111 the component of the magnetic 
force /I principal axis was 4600 cos 600 = 2300, the component ol 

principal axis 4600 sin 600 = 3980. Accordingly the increases of 
group 1 will have to be multiplied by 

3.982 1 + 4.60 X 0.19 4 
4.602 X 1 + 3.98 X 0.19 = 0.800 or "5 

and those of group 11 by 

2.32 1 + 4.6 X 0.19 1 
-- X = 0.326 or about -. 
4.62 1 + 2.3 X 0 19 3 

80 we find, using the values for N°. land 5 

4 1 
Direction Og 

5 
. 13.0 + 3" . 2.5 = 11.2, ouserved 

Oh 
4 1 
S· 4.5 +"3.2.9= 4.6 

4 1 
Ok S· S.\) + - • 2.9 = 7.6 

3 

11.2 

4.0 

7.4 

The agreement here may be considered very good, it is however 
favoured by the fact that in this case the same two bars cou1d be 
used for calculation and experiment. Hence the observations do not 
aff'ord any reason to doubt the validity of the principle of super
position in this case. 

10. The results of this research may be summed up as follows: 
In crystalline bismuth the HALL-coefficient is large for a magnetic 

force ol principal axis, very small for a magnetic force II principal 
axis (same order of magnitude as in other metals), while the coeffi
cient for a magnetic force in any direction can be deduced from 
those in both principal cases with the aid of an ellipsoid of 
revolution. 
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Without a magnetic field the resistances in crystalline bismuth 
can be found for all directions by means of aconduction ellipsoid 
of revolution on the principal axis. (Axes in the ratio of 5 : 3). 

In a magnetic field Ij principal axis there is an ellipsoid of 
revolution with comparatively slightly varied axes. 

In a magnetic field J.. principal axis there is an ellipsoid with 
three more varied unequal axes. 

In an arbitrary magnetic field there is an ellipsoid with three 
unequal axes which can be obtained by superposition of the varia
tions of the axes in the principal cases.-

'rhe resistancet:. in two directions at right angles in a plate of 
bismuth will generally increase unequally in the magnetic field, 
which explains the dissymmetry of the HALL-effect. 

Physics. - J. C. SOHALKWIJK: "Precise isothermals. I. Meas
urements and calculations on the cOlTections of t/w met'curymenis
cus with standm'd manometers" (Communication N° 67 from 
the Physical Laboratory at Leiden, by Prof. H. KAMER
LINGH ONNES). 

1. For the accurate investigation of isothermals of gases by means 
of piezomcter tubes, into which mercury is forced, it is desirabie to 
work with pretty large quantities of gas and to take care that the 
surface of the space it occupies is as small as possible with regard to 
its volume. For a given range of pressures we therefore desire to read 
the mercury meniscus in a tube the section of which is as large as is com
patible with the accuracy of the adjustment and with the pressures 
which the piezometers have to resist. The correction for the capil
lary pressurE' to be applied to the pressure observed can only be 
applied with sufficient certainty when the piezometer tube is suffi
clently large. 

For such tubes, the volume of the meniscus mar not in general 
be supposed to be equal to that of a spherical segment as it 
may allowably be considered in verry narrow tubes. This is the less 
permissible as the desired accuracy in the determination of the 
enclosed volume of gas is greater. 

To attain in the measurements with the standard gasmanometers 
described in Communication N° 50 of the Physical Laboratory at 
Leiden, the high degree of accuracy for which they are designed, 
an investigation of the volume of the meniscus which shuts off the 
gas is indispensable. For, these piezometers are made to accurately 
detel'mine togetner with the standard open manometers, des cri bed in 

28 
Proceedings Royal Acad. Amsterdam. Vol. lil. 
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N°. 44 of the Communications mentioned above, isothermals to within 
1/5000 - the manometer mentioned allowing absolute measurements of 
pressure to within 1hoooo. 

Only when this aeeuraey is reaehed, we can arrive at some eer· 
tain knowledge of several interesting questions in the theory of 
~~. -

As with these piezometers the normal volume can be determined 
to within 1/10000' so the volume of the compressed gas must also be 
exactly obtainable to within 1/10000' 

We will now demonstrate th at in order to attain that accuracy 
the volume of the menisci in certain rases must be known to within 
3 percent, while it will appear below (§ 9) that the deviation of the 
real volume from that of a segment of a sphere may amount to 
20 percent. 

The pressures of 4-8, 8-16, 16-32, 32-64 atmospheres are 
measured (see Communication N°. 50 p. 8) in tubes of 0.4, 0.28, 
0.2 and 0.15 c.m. radius, each provided at its upper end with a 
widened reservoir. The tubes are calibrated by placing them enti
rely filled with mercury in a space of constclnt temperature (Cam
munication N0. 50 p. 20) and by drawing oif repcatedly a small quan
tity of mercury through a glas-cock, rea.ding every time the level of 
the mereury in the tube and weighing the quantity run out. 

During the calibl'ation we must reverse the position of the tube, 
for in its proper position, owing to the large dimensions of the 
reversoir occupied by the gelS at a pressure of 1 atm., it would farm 
a gigantic thermometer, so that a smaIl variation oif temperatUle 
would bring about a perceivable displacement of the mercury surface. 
The displacement would infiuence mogt of all the ealibration of the 
upper reservoir and the stem, which thereby as will be shown) would 
become less accurate than 1/10000' and this upper reservoir is just 
the space in w!Iich the quantity of gas is to be compressed. 

In the most favourable case - i. e. with the largest tube - the 
volume of the gas can become 20 c. c. And then ouly an error of 
0.002 c. c. may remain, and as the volume of the large reservoir 
is 160 c. c., this error may already be caused by the expansion of 
the mereury, when an error of lh5 deg. C. has been made in the 
temperature. .As in the calibration of a tube longer than a meter, 
these diiferences of temperature cannot be avoided without very spe
cial precautions, it il:! even in this most favourable case advisable 
to calibrate the tube in a re verse position, so th at each time the 
mercury occupies chiefly that volume, which afterwards will be 
filled by the gas. 
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Bui it is more necessary for the nal'row tubes: in the fourth, for 
instance, the volume of the gas may fall to 2.5 c.c., while a 
volume of 175 C.c. is occupied by the mercury in the large reservoir 
of the tube. 1f the volume was measured in the upright position, 
the volume afterwards to be occupied by the gas would be measured 
as the difference of two mercury-volumes about 70 times as large, 
and in order to avoid an error of more than 1110000 in the gas-volume, 
we should have to be certain of the temperature to at least 1h25 

deg. C., a thing very nearly impossible for a tube of this length: 
therefore the calibration in the reverse position is absolutely necessary. 

But in order to derive the volume of the gas above the mercury 
from the calibration of the tubes, we must know the exact volume 
of the m~niscus i this is a fortiori necessary when the calibration 
has been made in the reverse position. For during this the meniscus 
points to the large reservoir, but during the observations to the 
small one. And so an error in the determination of the volume of 
the meniscus is felt doubly in the volume of the quantity of gas. 
Take for instanee again the first tube, for which the volume of 
the meniscus is tbe most important and use in it the of ten oc
curring height 0.14 e.m., then the meniscus at a first rough 
approximation taken as a segment of a sphere would have a volume 
of 0.0365 cc. While we saw that an error in tbe gas volume may 
not excced 0.002 cc. in this tube, an error largel' tban 3 percent 
may not be allo wed in the volume of tbe meniscus. 

In the following pages are communicated measurements, calcu
lations, and graphical representations, whicb render it possible to 
determine the volume of the meniscus "ith the desired accuracy and to 
enable us to make the intended step forward in the accurate deter
mination of isothermals. Successive ('alibrations of one tube which 
without the correction for the meniscus, faiIed to sufficiently ag ree, 
did bO to within 1hoooo af ter these corrections had been applied. 

The measurements to be cûmmunicated concern the direct deter
mination of the volume of some menisci. The calculations give an 
approximate solution of the diffel'ential-equation for the capillary 
surface in two limiting cases: a for very narrow tubes, and b for 
a very smaH ratio of the height to the radius of the tube, both 
with an approximate value of the surface-tension. By means of the 
graphical l'epresentation we derive fr om the menisci measured and 
from those calculated for tbe limiting cases, the value of the volume 
for each case. Moreover a test bas been obtained § 7 by means of 
~ graphical solution of the differential-equation 1). 

I) Compure also Sir W. TUOMSON's Popular Lectures &; Addresses I. p. 32. 

28* 
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§ 2. Determination ofthe volume of some mercury men'isci by weigking. 

I 

,cIb .--.-.-.---- __ rf 

fj) ------. '- ·rff 

g: _________ a 

~ __________ (J 

A tube of the bore for which 
we desire- to know this volume 
at different forms of the menis
cus, is provided at its upper end 
with a very n.~rrow capilläry 
tube and sealed at its lower 
end (see ~g. 1). On the tube 
the divisions Pand Q are made 
at ab out equal distances from 
the middle of the tube. It is 
weIl cleaned by boiling (comp. 
Communication N°. 50 § 5) and 
is filled in vacua with purely 
distilled mercury, so that the 
mercury at- 20° U. stands at E 
about 1 c.m.- from the end of 
the capiilary. In order to make 
measurements with the tube it 
is closed by sealing-wax _and 
either with the capillary poin
ting upward (position I) or 
downward (position II) it is 
hung in a bath whieh is kept 
at 20° C. in a manner af ter
wards to be deseribed. The 
height of the mercury surface 
with regard to the divisions 
must be read with a catheto
meter. In order to avo~d parallax 
the -tube was hung so that the 
marks were on the side and 

the adjustment was made at the middle of these, whioh were Been 
as shallow grooves. 

The mercury is weighed whieh must be forced od in order that 
af ter the tube is sealed again and put into the bath with a tem
perature tF it Bhould give the reading' F in position I. Let the 
weight of this quantity be called H:EF. Again the mercury is weighed 
which is forced out to bring, after baving a second time been sealed 
and placed in the bath, the meniscus in the position I at the temper
ature tA to A, or in the position II at the temperature tB in the 
wide tube at Band in capillary at b, which quantity we eall 
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B:JJ'A, and also when further in .the position I at the temperature 
to the meniscus is at C, or in the position II at the ten'lperature 
tD at D in the wide tube and at d in the capillary, i. e. the quan
tity HAC. Finally we weigh the quantity B OG, which is forced out 
last in order to empty the tube entirely. 

In order to pass from the position I into the position Il the 
cfipillary is opened, and the ~ mercury transferred by gentIe in
clination to the position bB or dD without any loss, the capillary 
is th en again sealed, af ter which the tube can be wholly placed in 
the position Il. ~ 

The two marks Pand Q were made in the immediate neigh
bourhood of the menisci to be formed, in order to enable us to 
determine accurately the distance of those menisci. For this distance 
is mcasured while the tube is immel'sed in the bath j now suppose 
that the tube and the glass waIl of the bath are not perfectly pa
rallel, or that in that glass wall 1he inner and outer sides are not 
perfectly parallel, then owing to the refraction of the light, the 
distance re ad on the cathetometer will not, be equal to the clistance 
of the menisci. Now by making the two marks Pand Q we have 
only to measure in the water the Yery small distances from P to 
the meniscus very near to it and from Q to the meniscus quite 
near to it, so that only Yery small errors can occur, while the 
distance PQ outside the water can be determined with the greatest 
accuracy. By means of the temperatures tF, tE, tA etc. and the 
weights BEF, BFA. BAO, BOG it is possible to determine at 20° C. 
the volumes of the glass reservoir corresponding to them ; as these tem
peratures deviated at the highest 0.05 deg. from 20° C. a rough yalue 
for the apparent coefficient of expansion of the mercury is sufficient. 
Let VAO be the volume between the planes going through the 
levels of the menisri A and C, and V(AO) the volume between the 
curvecl surfaces of the menisci A and C, and V A the volume of the 
meniscus A etc.; (j the cross-section of the capillary; (JAC the bore 
of the tube derived from VAO and (JBD the same bore derived from 
the volume VBD. 

So we get: 

VA+ VD= V(GA) + V(FD) - VFG- VAD. 

VB + Vo = V(GO) + V(FB) - VFG- VBO. 

Let PA be the 4eight of the meniscus A, then we ean 
always put: 
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VA = rn + n PA + xl 1 

VB = m + n pB +!lI' 

V n = m + np D - .1'1 • 

We then get the foIlowiug values: 

A. For the tube of 0.28 cm. radius: 

HEF - 0,1046 gr. v(iF) = 0,00772 c.m2• 

B(EA) = 14,8137 l) V(EA) = 1,09352 ~ 

H(ECJ) = 20,0136 » V(ECJ) = 1,47735 l) 

H(EGJ 
::: 35,2969 » VeEG) = 2,60553 » 

EF= 3,415 cm. 

bF= 0,934 l) 

dF= 0,385 l> 

AC = 1.527 l> 

BD = 1.527 !l 

From this we derive 0 = 0,00266 c.m2., and if first we equalize 
tbe volumes of the menisci: 

(JAC = 0,2513 c.m2• 

(JBn =. 0,2505 l> 

and so on an average 

from which we get with sufficient accuracy V De = 0,1305 c.m2
.; 

V All = 0,1305 c.m2• 

And further 

pA = 0,098, 

pB = 0,100, 

pc = 0,103, 

pn= 0,113, 

rn = - 0,00212, 

n = 0,155, 

VA = 0,01307 + Xl c.m2• 

V B = 0,01338 + !lI » 
1 

Ve = 0,01384 - '/11 ~ 

V n = 0,01539 - mI ~. 

If the values of a'l and YI are small, as really will appear further 
on, then the volumes now found caD serve to agaill determine 
the bore of the tube more accura.telYi we get: 0..10=0,2519; 
(JBD = 0,2518 c.m2 • and from this follows again the more accurate 

values: 
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VA = 0,01305 + ''VI e.c. 

VB = 0,01336 + Yl l) 

Vo = O,01381-Yl l) 

Vn = 0,01536 - Xl l) 

B. Tube of 0.38 e.m. radius. In quite a similar way we have 
found here: 

(jA 0 = 0,4584, 

PA = 0,104 cm., 

PB = 0,067 )) 

PC = O,IlO l) 

pn = 0,113 :. 

VA = 0,02775 + x2 cc. 

V B = 0,01665 + Y2 l) 

Vo = 0,0301 5 -?/2 l) 

C. Tube of 0,41 e.m. radius. In this only two menisci have 
been determined, whieh ehanced to have the same height, the meas
urement itself was less accurate: 

(j = 0,525 P = 0,126 V= 0,0406. 

§ 3. I intended to represellt the volume of the meniscus as funct
io n of the principal dimensions by a surface. But as the surface 
which is obtained by drawing in tb ree mntually perpendieular direct
lOns: 1. the radius of the tube, 2. the height of the meniscus, 
3. the \olume of the meniscus, would rise rapidly for increasing 
values of the radius of the iube, I have plotted not that volume 
itself, but its ratio to the bore of the tube; that ratio is called 
the mean height and is reprcsenteu by the letter f. Moreover I 
have taken as ordinates: 1. the radius R of the tube, and 2. the 
labo J between the helght pand tbe radius R. 

We then obtain the following values from the menisci measured: 

R J f 
0,2832 0,346 0,0518 +02'1' 

:. 0,353 0,0530 +Yl' 
l) 0,364 0,0550 -YI' 
)) 0,399 O,06115-a'1' 

0,382 0,175 0,0363 +Y2' 
)) 0,272 0,0605 +x2' 
:. 0,288 0,0658 -Y2' 
» 0,296 0,0677 -0:,/ 

0.409 0,308 0,0733, 
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§ 4. 'Vith these few data it would be impossible tg obtaÎn suffi~ 
ciontly accurately the surface which gives tbe mean beight as a 
function of Rand 0, if the theory did not allow us to detel'mine 
that surface approxil1li1tely near the limits R = 0 and 0 = Ó. For 
the purposc I had in view a greater accuracy than 3 percents in 

I 
i 
I 

fi' 

tbe determination of the volume of tbe 
meniscus was not required, "so I neglected 
in the calculation those terms whose in~ 
fluence remained belo~ this value, as soon 
as it helped to simplify 'the e calculation; 
for the sake of simplicity we have left 
uninvestigated other terms of perhaps still 
smaller influence but which did not give 
any difficulty in the calculation. yv e first 
will consider here tbe ease that R is very 
small. " 

Let PP' be tbe axis of the tube, QQ' the 
wall; the surface N the 1ev

e
el on which 

the mercury stands outside the tube; OS the 
horizontal tangent plane to the top of the 
meniscus; let further l' be the horizontal 
coordinate and h the distance below the sur

fhce OS; d thc deprcssion, H tbe surface tension, and 8 the specific 
gravity of rncrcury, tIJcn we have tbe well-known differential

e 

equation: 

With Ycry smail ntlues of R tbe depression d will always be 
grcat and thc height h very small: and' so the first member will 
diffel' little from d. Thel'efore I will in the first member replace 
lt by some function of 1', 1 (1'), which in a more or 1ess approxi
mate degree cOl'l'esponds with the exact value 7~, and trace what 
inHuence that acceptcd function has on the solution following from 
the modiJicd difIcl'entiul equation, assuming that 1(1') is in all cases 
small with respect to d. 

For 1 (1') = 0, thc diffcrential equation has tbe known solution 

h = ~ - V rl'-'1'2~ 
2H 

a cil'cle with a radius (! = - . 
8d 



- 450 -

( 429J 

If further we assume ier) = k d, m which Je Îs a very smalt 

constant we again get a eircle witb radius -(1- = q (1 - k). 
- I+k 

The increase of height becomes tberefore: 

, Iq) k 
Itk - 7t = V 2 2 • 

(! - r 

The greatest value has the relativc increase of beight at tbe wall, 
k 

i. e. -~===:;;=:;; 

VI-(:Y 
If we cal! 0, thc angle of contact in the air 

k 
then the last value becomes --:--{). Now as tbe minimum value of () = 

82n 

about 510 that rela,tive inerease of height becomes-
k

- = 1,29 k. As long 
9,777 

as Je < 0,00777, tbe relative inerease of. height at the wall is 
smaller tban 1 percent, and tben the relative errór in the volume 
will be much smaller than 1 percent. As moreover the relative 
increase in beight is proportional to k, a certain error in k passes 
proportionally over into the increase of height. Preceding considera
tions show that if we substitute for J(r) in the differential equation 
an arbitrary function but so that its greatest value is always 
smaller than 0.777 percent of d while at the same time that 
function increases from 0 slowly and always in the same sense to 
that greatest value, tbe deviations in height and therefore celtainly 
in the volume also remain smaller than 1 percent. We will avail 
ourselves of this result to judge of the limit to which we can 
continue this approximation. 

It is obvious af ter we have obtained tbe first approximate 
solution ho =Jo (r), tbe ei rele, when we suppose J(l') = 0, we look 
for the solution !tI = f. (r), as a second approximation, which is 
obtained by putting in thc first member of thc differential equation 
lt = ho = fa (r), and when this solution is obtained we look again 
for a .. new one, in which in the differential equation h = Itl = ft (1') 
is put etc. 

Difficulties however appear in the integration. In order to avoid 
these we may try for instanee development in series, in which 
the first term in the development of !to = Jo (1') in terms of r is 
first considered. It comes to this, that we do not assume Ito = Jo (1') 
as approximate - solution but anotber "ol = JOl (1'), which cOlltainij 
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only the 2nd power of r, i. e. which gives the meniscus as a first 
approxirnation the form of a parabola. If now ho wever we assurne 
a parabola, a better eorrespondence must be obtained hy means of 
the parabola which passes through the top and the level of the 
meniscus, and therefore 

in which prepresents the height of the meniscus. The in this way 
simplified differential equation gives as first integral: 

dh 
1 lp H dr 
- d r + - - r 3 

- - -:;:=======-
2 4 R2 - s V 1 + G~ y. 

This equation cannot as yet be integrated in a simple way, but 
can be easily made integrabIe hy neglecting terms of the same 
order as we have done already. Therefore I take: 

2H s p 
d = sR (cos a-'YJ R2); 4H R = ç and r = Ir R, 

in which then only R al ways remains very smalI. We then get: 

lt = [R cos a __ ç _ R3]. 1 - V 1 :- IJ/I, cos
2 

a + 
cos2a cos2 a 

ç ) R3 [1 ] --'YJ - -1. + Cos2 U cos2 a V 1 - x'}. cos2 a 

By substituting in this a. = 1, wc have lt = p, from which 

1-sina . ---= ~ and - ç sm Ct + ç - r; cos2 a = o. 
cos Ct 

From the first conrlition it appears that a is the angle of contact 
which we should have7 if the meniscus was a segment of a sphere. 
And from the second conditioD follows then: 'YJ = l ç (1 + ~2). 
Therefore: 

h= --II-V l-x2 cos2 a -R / ) 
cos a \ 

RSÇ [ ~ 1 t - - 1 -- V 1 - x2 cos2 a - sin Ct I Z 2 - 1 . cos4 a V I-x cos a 
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In order to find out whether it is necessary to continue the work 
to obtain a third approximation I have calculated for a tube of 
0,1 cm. radius (the widest to be considered here) the values of 
io(r), the circle, (01('1'), the parabola and h(r) , our second approxi
mation, and have drawn them in fig. VII of the plate, for a value 
of 0 = 0.35, which of ten occurs with narrow tubes. I found: 

Height for the circle Height for the Second approximation 
x represented hy the parahola represented represented hy the 

hne B. hy tJle lllle C. I line A. 

0.1 0.000312 o 000350 I 0.000305 

0.2 0.001203 0.001400 0.001006 

0.3 0.002808 0.003150 0.002218 

0.4 0.005054 0.005600 0.004.333 

0.5 0.008022 0.008750 0.006974 

0.6 o 011711 0.Ol2600 0.010270 

0.7 0.016043 0.017150 o 014340 

0.8 0021337 0.022400 0.019634. 

0.9 0.027594 0.028350 0.0264,15 

1 I 0.035000 0.035000 0.035000 

The relative diminution of heigbt according to the solution, ob
tained by introducing the parabola fo,l ('1'), amounts at ft maximum 
to I/a of the height which is obtained by putting h = O. According 
to what we have found with the substitution lt = kd, the relative 
decrease of height which would be found in the second approximation 
with fo ('1'), therefore will deviate from 11 ('1') at a maximum I/a X 
the relative deviation which remains between 10,1 ('1') and fo ('1'). As 
the latter amounts at a maximum to 1/5 we should not expect a greater 
relati ve deviation tban lfax 1/5 = %0. If further we take into 
consideration tbat the exact value of the meniscus and 11 ('1') are 
the same at the top aud at the level of the meniscus, then it is 
obvious that the deviatioll in the volume will be much less than 
%0 and thus is below the limit fixed above. 

We now will determine the volume; this is: 

1 

f [ 1 I 2 (8in3a-l)~ b R2 \ 13] 
1t R2 2 lIJ) dJ) = 1t R3 --/1 + 3 '2 - G tl-sin ex I • 

cos a C08 a 3C08 a 1 

o 
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If we substitute the values found for Ct and S then we find for 
the volume of the meniscus itself: 

Here I have calculated for several values of 0 the volumes 
of the meniscus for tubes of 0,04 and 0,1 cm. radius; for 
H - = 0,0354 cm2• 
8 

RadllIs I 0,05 0,1 1 0,15 (0,2 0,25 I 0,3 0,35 0,4 

0,04 0,000005 0,000010 0,000015 0,000020 0,000026 0,000031 0,000037 I 0,000042 

0,1 0,000079 0,000158 0,000238 0,000321 I 0,000404 0,000489 0,000577 0,000668 
I I I 1-

§ 5. We will now eonsider the case that 0 is very small. For 
this I will develop 1t in a series. If we substitute in the differential 
equation for Tt the series a1'2 + (31'4 + .... then we find by equalization: 

We see that the n th term itself of this development in series 
eonsists again of n terms, and these terms should first be summed 
before we can conclude to the convergency of the series. For this 
the general term should be found, which is very difficult. But 
still we see that this development in series wiIl become valid 
when d is very smalI, so that terma of higher powers than the 
second can be neglected. This now is the case when 0 is very 
smalt But we cannot neglect d in the first member of our original 
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differential equation, because lt, and so the whole first member 

itself is smalI. But if ~ is small dit must be small and so we can 
dr 

(dIt) 2 
first begin to neglect the second member dr as compared with 1. 

Then we find by substitution: 

1 (8 )2 
f3 = 22 4B d 

These are exactly the coefficients' which we get when we make 
the approximations mentioned in the solution of the complete dif
ferential equation. This series convel'ges rapidly, as the ratio of 

. 1 8 
the (n-1)th and n th term IS - - ?,2. 

n2 4H 
If we now suppose that in the differential equation we do not 

entirely neglect (:Y as compared with 1, but that we give to it 

the small constant value 0, then we get: 

ct =:2 ; d (1 + 0) 

1 8 ( 5) 13 -- -a 1 t-c 
- 42 H 4 

1 8 ( 4) r=6iB 13 1+"3 0 

1 8 ( 11) a =- -- r 1 + - 0 etc. 
82 H 8 

We see th us that by the introduction of the small constant c all 
coefficients have becomc greater by an amount proportional to c, 

aDd that the series remains convergent, because the coefficient of c 
in tbe terms written as above, can becrme at the highest 3/2 and 
so the limit ratio of two successive terms is the same as in the 
preceding case. 
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For the same reason as in § 4 we shall approach mor~ nearly to 
the exact solution if we substitute in the second mambar of the 

d' J!e ' 1 "th IJ 1 (dlt)2 IJ dh f ' h' h l1U~rentla equatlOn lD e lactor + - lor - a unctlOli w IC 
dr dr 

has about the same course as the true value of dh and which 
dr 

yet gives easily summed series, For tbis also tbe parahola 

h = ~2 '1'2 is useful. 

Witb slight approximation we then can put for the equation: 

8 1 dhl p'2 1 d2Jt' p2 i 
B (d+h) = -; drt 1- 2 Rf '1'2\ + dr2i 1 - 6 Rl! r'2 i!-

If we substitute l~ = al '1'2 + a2 '1'4 +, ... 'l 
we find: 

2 
The limit ratio becomes therefore here 6 ~4 1'2 and this rittio is 

itccording to our supposition very small. All coefficients are propor
tional to al and of this the \Talue is determined from 

p = ~ un R2n. 

In order to test the validity of this formula, we will appIy it 
to our narrowest tube, for which R = 0,2832 c.M., for the value of 

E- = ° 35 hence p = 0,02807 o.m: We then fiod: R'1, , , 

U2 = 1,888 al' 

0,1 = 0,3003 ; 

d = 0,0424 e.m. 

l~ = 0,3003 '1'2 + 0,567 '1'4 + 0,599 '1'6 + 0,48 '1'8 + .. 
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and near the wall 

dIt d
2

1t = 1 276. 
P = 0,02807; - = 0,2287 ; , 

dr dr2 

If we 8ubstitute these values in the original differential equation 
the first member becomes: 

d + It = 0,0705 

and the second member 

Hence the difference is about 1 percent, so that for this case the 
formula can be applied, and the more so because we espeoially want 
the volume, in whioh the deviation will bè still smaller beoause 
we oan again secure coincidenoe at the top and at the level of the 
menisous, by means of the formula p = ~ ctn R2n. For wider tubes 
the formula will cel'tainly hold also, if the height is not greater than 
the one used here i. e. 0,028 cM., while for narrower tubes it will 
hold for the same value of 0, about 0.1. In order to test it still better 
I have calculated the first cocfficients of the complete solution (§ 6, 
beginning) for the same tube. We find: 

a=0,3003 (.1=0,5567 1=°,632 0=1,027 

p = 0,02408 + 0,00358 + 0,00033 + 0,00004 + ... = 0,02803 ... 

differing very little from the accepted value 0,02807. 
From It = ~ ctn r2n we find for tbe volume of the memscus: 

V= n E2 ~p- ~ ~ R2nl. 
~ n + 1 \ 

In th is case, for R = 0,2832 cM. and 0 = 0,0991 V = 0,00373 cc. 
If however we had used the coefficients of tbe solution obtained 

from the complete equation then 

V== 0,25191°,02803 - (0,01203 + 0,00119 + 0,00008 + 
+ 0,00001 + ... } = 0,00371 cc. 

thus differing by less than 1 percent from the approximate value. 
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We calculate: 

p 
for R=O,2832cM.; R.2=O,25hence p=0,020 1 and 0=0,0708; V: 0,0026500. 

l> :»= :» l> i > =0,15 l> >=0,0120» ~=0,0425; »=0,00158 » 

» :»=0,382 »;» =0,2 :» >=0,0292» »=0,0765; »=0,00725 » 

:»; »=0,1 l> ) =0,0146 :» »=0,0383; »=0,00362 » 

For still smaller values of 0 we may use the deveJopment in series, 

in whiuh (~~).2 is wholly neglected as compared with unity. We get 

and for the volume of the meniscus 

Physics. - H. A. LORENTZ. - "The Theory of Radiation and the 
Second Law of The1·modynamics". 

§ 1. In his celebrated theoretical researches on the emission 
and absorption of rays of heat and light, KIRCHHOFF was led to 
introduce a certain function of wave-Iength and temperature whirh 
is independent of the particular properties of the body considered. 
This function, whose mathematical form later investigatol's have 
tried to determine, represents the ratio, at a definite temperature 
and for a definite wave-leng th , between the emission E and the 
absorptive power A of a body, both taken in the sense assigned 
to them by KIRCHHOFF; indeed, by his law, this ratio is the same 
for all bodies, being always equal to the emission of wh at KIRCII

HOFF caUs a perfectly black body. 

§ 2. The function in question has yet another physical meaning. 
If a space which contains nothing but aether is enclosed by per
fectly black walls of the ternperature T, it will be traversed in all 
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directions by rays, and thc aether will thus be ihe se at of a cer
tain amount of energy. We may consider this energy as made up 
of a large number of parts, each of them belonging to the rays of 
a particular wave-Iengtb, and, for a given state, tbis repartition of 
the energy over tbe radiations of different periods can on1y be 
eft'ected in a single way. Hence, if for unit space, we write 

J(T,),) d ), 

for tbe energy, as far as it corl'esponds to the rays of wave-lengths 
between ), and\), + d À, and 

OC) 

_ fi - J J(T, À) d), 

o 

for the whole energy, the functionj(T, Ä) will be wholly determinate. 
Now, this function is intimately connected witb the emission of 

tbe black walIs, and from KIROHHOFF'S law it follows tbat the 
state of the aetber whicb it defines mayalso be tbe result of the 
l'adiation of a body that is not black. 

To begin witb, the walls of the enclosnre may be made on the 
inside perfectly reftecting, instead of perfectly black. If, then, a 
certain part Rl of the enclosed space be occupiE'd by a black body 
M of the temperature T, and the remaining part R2 by aether, it 
is easi]y seen that tbe state characteri8ed by J(T, À), if once existing 
in R2, will not be disturbed by the presence of M, but will be in 
equilibrium with the internal motions of tbe ponderab]e matter. It 
will even be the on]y state baving this property, and must tbere
fore of necessity be produced by tbe body, provided tbe geometrical 
conditions are sucb that, aftel' a certain number of reflections by 
the walls, every ray in the space R2 must uHimately strike the body M. 

KIROHHOFF'S law further proves tbat the equilibrium will conti
nue to exist, if the black body is replaced by any other body M of 
the temperature T, whatsoever be its pbysical and chemical state 
and its propertjes. Wh at is more, sneb a body will also give rise 
to the same state of radiation as the black body did befare, at least 
if the above geometrical condition is again fulfilled, and if, besides, 
tbe body bas some absorptive power, be it ever sa feebie, and con~ 
sequently same emissivity, fol' every wave-length tbat is represented 
in the radiation of the black body. This may safely be assumed. 

The function f(T, À) is thus seen to have a second universal phy-
29 

PrQceedings Royal Acad. Amsterdam! Vol. lil. 

cz" .... e: ............ __ 



- 460 -

( 438 ) 

sical meaning. The state of the aether to which it rclates may for 
thc sake of brevity be called the state corresponding to the 
temperature T. 

§ 3. Since KIRCHHOFF'S time great advances have been made 
in the investigation of tbe form of the function. By a most ingenious 
reafloning, founded partlyon therrnodynamic principles and partly 
on the electromagnetic thcory of light, BOLTZMA.NN 1) bas shown that 
the total energy per unit of volume must be proportional to the 
fourth power of the absolute temporature, so that, if this is hence
forth designed by 1, 

'" J J(T,À)dÄ= CT4, .••••• -. (1) 

o 

where C is a universa1 constant, whose numerical value will of 
course depend on the choico of the units. 

Aresult that has been obtained by W. WIEN 2) is likowis~ very 
remarkable. He found that J(T, À) is of the form 

f('1.1
, À) = T5 p (TÀ)= ;5 l/1(TÀ), • ••• (2) 

p (T À) or l/1 (T A) being a fllnction of the product T}.. Evidently 
BOLTZ1IlANN'S result is contained in the latter law. 

WIEN 3) and FLA.Nel( 4) have also endeavoured to discover thc form 
of the function p, but we need not here speak of these resparcbes. 

§ 4. The experiments of P A.SCHEN, and those of LUMMER anti 
PRINGSHJ!lIM have furnished a very satisfactory verification of the 
laws, expressed by (1) and (2), and have thus confirmed the flln
damental supposition that the second law of thermodynamics holels 
in thii:l domain of physics, as weU as the validity of the reasoning 
by which the two formulae have been established. In fact, I don't 
see that any but perhaps sorne far fetched objection could be raised 
against the theories of BOLTZMA.NN and WIEN. In my opinion, we 
cannot but recognize all that has been said as legitimate deductions 

• 

1) BOLTZMANN, Wied. Ann, Bd. 22, p. 291; 1884. 
2) WIEN, Wied. Ann., Bd. 52, p. 132; 1894. 
3) WIEN, Wied. Ann. Bd. 58, p. 662; 1896. 
4) PLANCK, Drude's Ann. Bd. I, p. 116; 1900. Verbandl. tIer deutschen Pbysik. 

Ges. Jahrg. 2, p. p. 202, 237; 1900. ' 
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from CARNOT'S principle, but in so doing we are forced to a remar
kable and, at first sight, somewhat startling conclusion. 

The state of the aether which corresponds to a given temperature 
is characterized not only by the amount of energy per unit of volume, 
but also by at least one definite linear dimension. We may for 
in stance fix our attention on the wave-Iength for which f (T, A) has 
its maximum-value, and which I shall eaU Àm, or we may calculate 
a certain mean wave-length by means of the formula 

J if(T, l) d À 

r ____ 0 _____ • 

--J j (T, À) d À 

o 

Now, the form of the function may very weIl be such that the ratio 
between Àm, Tand what other lengths 1) it might be deemed con
venient to introduce, is expressed by definite numbers, but we have 
to explain for what reason one of these, for instanee I..m , has pre
cisely the Iength that bas been found for it by observation. In 
considering this question we shall have to take into account that, 
by WIEN'S law, Àm is inversely proportional to the absolute temperature. 

We have good reasons for believing that, in so far as the aether 
is concerned, the phenomena may be exhaustively described by means 
of the weU known equations of the electromagnetic field. If tbis be 
true, it cannot be the properties of the aether which determine the 
amount of energy and the preponderating wave-length, the velocity 
V of light being the only constant quantity which these equations 
contain. Hence, within the enclosure considered in § 2, the value 
of the enel'gy per unit volume and that of Àm must be forced up on 
the aether by the ponderabIe body JJ1. But then there must exist 
between different bodies a certain likeness, expressible hy the equality 

1) We might for instnnce, without decomposing the vibrntions in the nether by 
means of FOURIER'S theorem, define a length Z by the formula 

in which ct is one of the components of the dielectric dispincement or the magnetic 
force, wherens the brackets serve to indicate the mean values, taken for a spnce 
whose dimensions are large in compurison with the wave-length, or with l itself. 

29* 

p;sa.o;;::: , 
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of numerical quantities; el se it would be inconceivable that two 
bodies caU forth exactly the same values of.u and Äm. Withóut some 
conformity, of one kind or another, in the structure of all substances, 
the consequences of tbe second law and this law itself cannot be 
understood If it did not exist, we could not even expect that a piece 
of copper and a mass of water for instancc, af ter having been 
brought by contact into slate~ in which they are in thermal equili
brium, would, under all circumstances, remain in these states, wh en 
exposed to their mutual radiation. 

§ 5. It is by no means surprising that the validity ofthe rules of 
thermodynamics should require a cel'tain similarity in thc structure 
of different badies, fol' in reality these rules do not teach us some
thing about a single body, but always about two or more bodies 
and about the way in which these act on one another. The pro
position that two bodies whieh, when brought into contact with a 
third one, do not interchange any heat with it, will also be in thermal 
equilibrium with each other, is clearly of this nature, and-"it is 
easily seen that OUl' remark applies Iikewise to the law, that the 
absolute temperature is an integrating divisor of the differential 
expression for the qualltity of heat, required for an infinitesimal 
change of state. 

Let us suppose that an experimental investigation of the states of 
equilibrium of which a body (or a system of bodies) MI' when con
sidereel by itself, is capable, has led to distinguish these states by 
the values of certain parameters al' (11' rl . " Then, an infinitE'ly 
small change of state may be defined by the simultaneous incre
ments dal' d (11' d rl ~ ... H, in every case, we measure the amount 
of heat dQl that has to be supplied to the body, say by determining 
the equivalent mechanical energy, we may establish an eguation of 
the form 

in which the coefficients AI,Bl' Cl, ... are known functions of all (111 rI, ... 
The integrating divisors 

of which the cxpl'ession (3) ad mits, and which we may imagine to 
be determined by an ideal mathematician, will also be functions of 
the l'arameters. 

Nextl let M2 be a second body or system of bodies. Operating 
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with thls, as we have done with the first one, we shall be led to th.e 
introduction of certain parameters a21 fi21 r21 .... ' to an expression, co1'
responding to (3), say 

dQ'J, = A2 da2 + B 2 dfi2 + C2 dr2 + ... '1 

and to its integrating divisors 

These wil! be functions of a2' fi21 r2' .... Now, tbe proposition that 
the temperature is an integTating divisor, ascribes a particular signi
fication to one of the functions (4) and one of the fllllctions (5), 
tbe inequality or equality of these fUllctions, cal<,ulated each for a 
determined state of the body, having to decide as to whether the 
bodies, taken in these states, and placed near each other will exchange 
heat or not. However, in calculating the functions (4), we have not 
even thought of lhe body M2' and in forming the functions (5), we 
haye not had in view tbe system MI' Therefo1'e, the two functions 
could not be illvolved in what happens iu the mutual action of the 
two bodies, if these had nothing at all in common. 

§ 6. In our ordinal'y molecular theories, which leave out of 
account the phenomena in the aether, the question is very simpIe. 
80 far as we kno\\", the total want of order in the molecular motions, 
precisely the state of things which justifies the introduction of the 
calculus ot probabrlities, is, in these theol'Ïes, a sufficient ground for 
tbe general validity of OARNOT'S principle. This irregllhmty in the 
motioD of the ultimate partlCles scems to be the only common fpature 
of different bodies th at is required. It has been found sufficient to 
prove the pl'oposition that the mean kinetic energy of a molecule 
is the same for all gases of the same temperature, aresult, 
which is of the highest importance in tbe theory of molecular 
motion, and is likely to be 80 too in that of l'adiation. Indeed, it 
is to be expected that in studymg the state of the aether, corresponding 
to tbe temperature 1', we shall meet again with the same definite 
amount of energy, with which a molel'ule of a gas, of that tempe
rature, is, in the mean, endowed, and which must also play a part 
in the intern al motions of a liquid or solid body. 

I shall denote by cv th is mean kinetic energy of a gaseous mole
cule at the temperature T. 

I§ 7. We shall now return to the question what similarity in 
tbc st! uctUl'O 01 all punderable matter must lie at the bottom of tbe 
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t'hermodynamic theory of radiation. Evidently, a perfectly satisfying 
answer could on1y be furnished by an elaborate theory of the meca
nism of emission allll absorption, such as has not yet been worked 
out, though PL.A.NCK 1) and V.A.N DER W.A..A.LS JR. 2) have pubhshed 
interesting researches in this direction. We may however attack the 
prob1em in a way that does not require a knowledge of peéuliarities. 
By comparing two systems, both composed of ponderable matter and 
aether, and WhlCh are, in a wide sense of the word, llsimilar", i. e. 
such, th at, for every kind of geometrical or physical quantity involved, 
there is a fixed ratio between its corresponding values in the two 
systems, 1 shall try to show that, in all pJ'obabihty, the likeness 
in question consist':l in the equality of the small charged particles 
or elcct1'ons, in whose motions modern theories seek the origin of the 
vibrations in the aether. We shall begin by supposing that, in pass
ing from one system to the other, the dimensions, masses and 
molecular forces may be arbitrarily modified; then we shall Rnd 
that the charges of the electrons must remain unaltered, if the second 
system, as compared with the original one, is to sabsfy BOLTZMANN'S 
and WIEN'S laws. 

The consideration of similar systems has already proved of great 
value in molecular theory. It has enabled K.A.MERLINGH ONNES to 
give a theoretical demonstration of V.A.N DER W.A..A.LS'S· 1aw of cor
responding statE'S ; moreover, the experimental confirmation of this 
law has taught us that a large number of reaJly existing bodies 
may, to a certain approximation, be regarded as similar. 

Of course, if the theory is also to em brace the phenomena going 
on in the aether, we have less liberty in choosing the systems to be 
compared. Since the properties of the aether cannot be changed, 
thc velocity of li~ht is not in our power, and the similarity 1m
plies that all other velocities must likewise be left unaltered. 

§ 8. Let the first of the two systems be the one that has been 
conbidered in § 2: a ponderable body M, and, next to it, a ccrtain 
space, filled with aether, both enclosed by walls that are perfectly 
refiecting on the inside. 

Let the ponderable body be built up of a large number of small 
particles, each of which has a certain volume, sa that thc density 

1) PLANCK, Drude's Ann. lid. 1, p. GIJ, 1900. 

2) VAN DDR WAALS JR., Stlltt~tlsche behnllllelmg det sttulingsverschtJllselen. Dissel'
tntion. Amsterdnm. 1\)00. 
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of ponderabIe matter is flnite everywhere. To these particles wè 
shall ascribe an irregular "molecular" mation and the power of 
acting on one another with certain "malecular" farces. 

We shall further suppose them - or some of them - to be 
electrically charged, and, for convenience' sake, we shall cODsider 
each charge to be distributed over a small space, with finite volume
density (!. This density may be treated as a continuous function, 
whicb siuks gradually into 0 at the surface of the electrous. 
Of course, if same of the particles have na charge, we have only 
to put for these Q = O. 

Finally, we 8hall take for granted that the aether pervadE's the 
spacE' occupied by the particles, and that a dielectric displacement 
band a magnetic force .0 may exist as weIl inside as outside a 
particle. 

Then, if bx , 'i>y, bz, .ox, .oy,.pz are the components of band .p, and 
UX1 uY1 Uz those of the velocity, we have tbe fol1owing equations 1): 

él.pz él.py _ I ( + élbx) 
---_'711: <'''x -oy oz ot ' 

• • . • . (6) 

4 n V2(aby _ abz) = a.ox , 
oz ay at 

4 Tro(Obz _ Obx) _ o.oy 
11: ,.. - ox oz - ot ' . • • • • (8) 

4 V2(abx _ ObI!) _ a.oz 
n ay oz - at ' 

. . • . (9) 

1) See f. i. LORENTZ. Versucb eiller Tbeorie del electrischell und optischen Erschei. 
nttngen ln bewt'óten Kórpern. 1895. 
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These, with ~ = 0 everywhere outside the eleetrons, and if We 
add proper conditions at the refleetmg walls, serve to determine the 
state of the aether, as soon as we know the motions of the e1ectrons. 

The energy of the aether per unit volume is given by 

and the eomponentl:l of the force, exertf.'d hy the aether on the elee
trons, will be for unit charge 

4 1f V2 bx + \)y .ç1z - bz .py, 

4 1f V2 by + \)z .pz - bx .pz, 

4 1f V2 bz + bx .py - by .px. 

• • • .~. (11) 

Besides these farces, there may be (molecular) forces of another 
kind, acting on the electrons. 

§ 9. We have next to cornpare this really existing system S 
with a seeond system S', wbich perhaps will be only an imaginary 
one. lts enclosure is to be geometrica11y similar to that of S, the 
linear dimensions being a times what they are in tbe first system. 
By corresponding points in the spaces within the two enclosures, 
we shall mean points that are simllarly situated, aDd to every 
instant in the interval of time, during which we consider the phe
nomena in S, we sha11 coordinate an instant for t.he second case, 
in sueh a way that the interval between any two moments in S' 
is a times the interval between tbe corresponding moments in S. 

Let it furtber be assumed that, if at a partieular instant ponder
able matter or an electric charge is found at some point of one of 
the two systems, this will likewise he the case at the corresponding 
time and the corresponding point of the other system. As a con
sequence, the distrihution of matter and of electric charge will 
be, at corresponding time!:!, geometrically similar in the two cases, 
the dimensions of the particles in S' and their mutual distances 
bearing the ratio a to the corresponding qnantities in S. 

What has been said suffices to determine the intern al motions in 
S', as soon as one knows those in S; the velocities will be tbe 
same in the two systems, beeause we have supposed the ratio of 
corresponding times to be equal to that of corresponding lengths. 
Of course, the motions in S and S' wiJl present just the same degree 
of ÏI reg u la rity . 
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N ow, our i1escription of the state of the second system wiÜ 
become complete, if we indieate, for each of the physical quantities 
involved, the number hy which we must multiply its value in S, 
in mder to obtain its value in S' at eorresponding points and times. 

Let this factor be b for the density of ponderabie matter, c for 
the density of electrie charge, and ac fol' the dielectric displacement 
and the magnetic force. Then, since the phenomena in the system 
S, whieh exists in reahty, agree with the equations (6)-(9), those 
in S' will likewise satisfy these relations. Nor will the conditions 
imposed by the nature of the walls be violated~ We mayalso remark that 
the formulae which are outnined for the two systems, if the motions 
are analyzed by means of FOURIER'S theorem, will differ from eacb 
other only by the constant factors a and c. The ratio between 
corresponding wave-lengths, e. g. between the values of Am, will of 
course be a. 

As to the motions we have attributed to the electrons in S', 
these will only bI' possible, if a, band c satisfy a certain condition. 

The ratio of the accelerations being ~, and that of the masses of 
a 

corresponding elements of volume (or of eorresponding partieles) 
a3 b, the forces acting on such elements must be in S' a2 b times 
what they are in S. Now, whereas the "molecular" forces IDay be 
supposed to be regulatcd according to this 1'u1e, the action of the aether 
on the elertrons in S' hal:; already heen fixed by what has been 

\ said. The components (11) of the force on unit charge are, in 
S', a c times what they are in S, and for the charges of correspond
ing elements of volume the ratio is a3 c. The factor for the forces 
exerted by the aether on such elements will therefore be a4 02, and 
we must have the relation 

or 
. . . . • (12) 

This being the only condition, we may imagine a large variety 
of aystems S', similar to S, and whieh must be deemed possible 
as far as our equations of motion are concerned. The coefficient'l 
a and c having been cbosen, and b ealcnlated(by (12), we shonld 
find, by (10), 

a2 c2 • • • • • • • • • • (13) 

for the ratio of the kinetir cnergies per unit volume, and 
I 

a'l b, 
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01', in virtue of (12), 

for the ratio of the kinotie energies of a m01ecule or an electron. 
The Jatter number will at tbo same time be the factor by which 

we have to multiply the temperatul'e T of S in order to obtain 
that of S'. Indeed, in the formulae (1) and (2), we may suppose 'T 
to be measured by observations in which radiation does not come 
ioto play, say by means of a thermometer i we may therefore apply 
the result of molecular theory that T is proportional to the mean 
kioetic energy of a particie. 

§ 10. If we had only to satisf) the equations of motion, a and 
c might be arbitrarily cbosen. We could' then take 

and b = a-3 • By this the value of (14) would become 1 and 
that of (13) 

a-3 , 

which might have any magnitude we like. In this way we should 
have got two systema S and S' of equal temperaturea, but witb diffe
rent amounts of energy in the same space. This being in contra
diction with the resuIts, deduced from CARNOT'S principle, the choice 
of a and c must be appropriately limited. 

If the two systems we have compared with each other are to 
agree with BOLTZMANN'S law, (13) must bo cqual ta thc fom'th powor 
of (14). From this we conclude 

aS c = 1, . . (15) 

that IS to say, the charges of corrosponding elements of volume, 

1) A rooving chnrged partiele produces in the s\lrroundin~ aetller an electroroag
netic energy, which, for small velocities v, may be reckone(l proportional to v'. lt 
ma.y therefore be representecl by 1/", k v2• The factor Ic pluys the pl\rt of l\ ml\SS, [md 
roa.y be called the electromagnetic or apparent mass, in order to distinguish it trom 
the (true) mass in the ordinary sense of the word. ~ow, k is found to be proportioual 
to the square ot' the ch.lrge, and inversely proportiollal ta the dimensions of the 
p.trticle. 'ehe condition (12) therefore roenIlS th at the ratio between the true and the 
electromagnetic ronsses is t11e same in S and S'. There would be no necessity to 
intro duce a condItion of this kind, if there were no true mass at all; neither, if 
some of the particles had no charge, and the remuining ones na true mass. 

We roay also eXIJress the relation (12) by saying, that the ratio between the elec
tromngnetic und the ordin.lry kinetic energy has to be the Same in the two systems. 
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and also thosE' of corresponding electrons must be the same in S and S'. 
If (15) is satisfied, the two systems will accord with WIEN'S law, 

as weIl as-with th at of BOLTZMA-NN. In tbe first place, the ratio of 
the temperatures, for which we found the number (14), now reduces to 

1 -. 
a 

A.s the values of Àm are to each other as 1 to a, they are inversely 
proportional to the temperatures of the two systems. 

We may rem ark in the second place that the repartition of the 
energy over the rays of different wa,,;,e-lengths will be similar in the 
two systems. CODsider for instanee the rays in S whose wave-lengths 
lie between À and À + d À; by WIEN'S law, the energy in unity 
of volume, depcnding on them, is 

T5 cp (T À) d À.. • • • • • • • (16) 

The corresponding rays in the second system have their wave
lengths between À' and À' + d À', if 

À'= aÀ, dÀ' = adÀ, 

and, in order to calculate the energy in unit space which is due to 
these rays, we have on1y to multip1y (16) by the factor (13), whieh 

1 
becomes -, in virtue of (15). Now, one gets the same expres sion 

a4 

if, in (16), one replaces À by À/, d À by d À', and the temperature T 

of S by the temperature T' = !.. of S'. It appears from this that the 
a 

distribution of energy over the different rays in S' is exact1y what 
it ought to be by WIEN'S law at the temperature of the system. 

§ 11. What precedes eaIls forth some further remarks. It might 
be argued tbat two bodies existing in nature will hardly ever be 
óimilar in the sense we have given to the word, and that therefore, 
if S eorresponds to a real system, this will not be the case with 
S'./fBut this 8eems to be no objeetion. Suppose, we have formed an 
iml'lge of a class of phenomena, with a view to certain laws tbat 
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have been derived from observation or from general princip1es. lf 
then, we wish to know, which of the features in our pIcture are 
essential and which not, i. e., which of them are necessary for the 
agreement with tbe laws in question, we have only to seek in how 
far these latter will still hold aft er different modifications of the 
image; it will not at all be nece)ssary that every image which agrees 
in its essential characteristics with the one we have first formed 
corresponds to a naturalobject. 

We have many grounds for expecting that a tbeory of radiation 
can be developed on tbe lines drawn in § 8. In such a theory 
we shall have to distinguish between the hypotheses concerning the 
uncharged particles, the ordinary molecular motions and forces, and 
those wbich relate to the eJectrons, their dimensions, masses and 
charges and the nan-electrical forces which, conjointly with the 
electromagnetit; ones, determine their mation. Now, it seems natural 
to admit that in a theory of radiation the hypotheses -which relate 
to the electrons farm tbe essential part of tbe explanation, and tbat 
all the rest may be free1y modified within tbe limits indicated by 
the ordinary molecular tbeories. 

If we had a rigbt, likewise to change at will the dimensions of 
the electrons, their true masses and the forces to which they are 
subject, tbe considerations of § 10 would only leave room for thp, 
conc1usion, that a definite magnitude of the elf'ctric charges must 
be reckoned among the essential features of our picture. One might 
however be of apinion that these dimensions, masses or forces con
tain already elements that are necessary parts of the theory. For 
in stance, the electrons could have a fixed, constant diameter, the 
same in all ponderabIe matter. If this wöre the case, our factor a 

could not be different from unity, and tbe formulae (12) and (15) 
would give b = 1, c = 1. The system S' would be identical with S, 
and it would be impossible to learn anything from it. Again, the 
ratio betweeu the densities of ponderabie matter and of electric 
charge might be a, uni versal constant. This would require b == c, aud 
by (12) and (15) a = b = c = 1. ~he way in which we have 
treated the molecrtlar forces acting on the electrons is also liable to 
objection. Ir a definite intensity of these forces were a requirement 
in the theory, it would be impossible so to regulate them, that they 
are in S' a4 c'J times as great as in S. 

These remarks do not, however, invalidate the general con
clusion, that the electrons in two ponderabIe badies cannot be wholly 
different. We may even remark that, if it were found necessary to 
asc1'lbo equal tlimonsions to the electrous of diffcrent bodies, it would 
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be not unnatural to suppose tbem equal in all other respects. This 
latter hypothesis would likewise recommend itself as the simplest 
possible, in case we ought to assume a constant ratio between the 
masses and the charges, and a fixed relation between the above 
mentioned forces in different bodies would in its turn point with 
some probability to an equality of the electrons. 

Of course I do not mean to say that all electrons in nature must 
be of ~ne and the same kind. Anyways, there must be hoth po
sitive and negative particles, and we may_ imagine any number of 
kinds of electrons we please. The conformity between different sub
stances should in this rase be attributed to the existence of each 
of those kinds, with their definite charge, in every body. 

We must leave the-se questions for future research. The theory 
will also have to explain why tbe phenomena always depend on 
the temperature in the way expressed by the equations (1) and (2). 
It is true, we have compared cases in wbich the temperatures were 
not the same, but in those cases wè had to do with different bodies, 
whose moleeular weights were sueh, that tbe veloeities of the particles 
were equal at the two temperatures compared. It will be necessary 
also to compare the same body at different temperatures, and this 
cannot be done by barely comparing similar systems. 

§ 12. The question remains, on wbat quantities that are involved 
in the 'eonstitution of ponderabIe bodies the values of Am and the 
energy p. per unit space may be takeu to depend. We have spoken 
of the dimensions, the masses and the electric charges of the eleetrous, 
or of a particular kind of electrons. These might be the same 
through all nature, and besides these there is the mean kinetic 
energy (i) of a molecule at the temperature T. Now we may con
ceive different ways, in which Am and ft could be derived from 
these quantities. For instance, a given electric charge e, taken 
together with a given amount of energy (iJ, may determine a definite 
length. This follows at once from tbe "dimensions" of e and (iJ, 

but we may explain it as well by remarking that, if a charge ~ is 
uniformly distributed over a sphere of radius R, thera will be an 
electrostatic energy 

2 R 

(e being expressed in electromflgnetic unit8). IIE,Ilce, if we desire 
this energy to have the value (iJ, tbe radius must ue 
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1 e2 V2 
R=-- . 2 (i) 

• . • • • : . (17) 

This is a length, entirely determined by e and (iJ, and it may be 
that Àm bears always a fixed ratio to R. .As to the energy per unit 
volume, it will probably be determined by some such condition as 
this, that the energy, contained in a cube who se side is À.m, is in all 
cases tbe same multiple of (i) 1). 

We may add that (i) varies as T, and that therefore the ]jne R, 

calculated by (17), will varyas ~ . Hence, the length of Àm, if deter

mined in the way we have indicated, will be found in vers~ly pro
portional to the temperature, as we know it to beo Moreover, in 
accordance with BOLTZMANN'S law, the energy in unity of volume 
would become proportional to T4, if a cube, whose side varies as 

~ , contained an amount of energy, which is itself proportional to the 

temperature. 
I shall conclude by mentioning that Prof. PL.A.NCK, af ter having 

found for the function f (T, À) the farm 
( 

aV 
2 V2 b - ÀT 
~e 

has calculated from experimental data the coeffieients a aDd b con
tained in it, and has used these coefficients, together with tbe velo city 
of light and the constant of gravitation, for the purpose of estabHshiDg 
units of length, mass, time and temperature that are given by nature, 
without it being necessary to choose some standard body. 

If the above considerations are to be trusted, this universal sys
tem of units would be based on the velocity of light, the constant 
of gravitation, the mean kinehc energy of a molecule and the pro-
perties of the electrons, present in all ponderabIe matter. . 

1) What multiple this is, may be deduced from the observatiolls on radiation, com. 
bined wUh what we know' about the mass and tl1e kinetic energy of a molecule. It 
is also implicitly contained in the considerations by which PLANCK terminates his 
last paper. By his formula, wllich, as he shows, agrees with the results ofthe kinetic 
theory of matter, I find that the energy of radiation in a cube whose side is À (§ 4) 
amounts to a little more than 5,5 61. 



- 473 -

( 451 ) 

Chemistry. - "On the essential oil from the leaves of Alpinia 
malaccensis Rosc". By Dr. P. VAN ROMBURGH. 

In a communication 1) on the occurrence of methyl cinnamate in 
the rhizomes of A lpinia malaccensis, I incidentally mentioned that 
the leaves of this plant yield an essential oil, which is likewise 
rich in this substance. Since then, I have prepared this oil in 
larger quantity and in vestigated the same jointly with Dr. TROMP 

DE HAAs, Assistant to the Agric. Ohem. Laboratory of the Govern
ment Botanical Gardens at Buitenzorg. 

From 700 Kiloe. of fresh Ieaves, with the staiks attached, 1100 c. m. 
of oil were obtained. The yield is, therefore, 0.16 percent. The 
sp. gr. at 26° was 1.02. Rotation + 6.5°. When treaterl with aqueous 
soda 25 percent of the oil are not attacked, forming a liquid com
pound, the bulk of which boils from 160°_170°. This liquid may 
be isolated in a still more simple manner by treating the essential 
oil with steam; it then readily distils over whilst tbe methyl cinna
mate, of wbich thc oil consists to the extent of 75 percent, remains 
behind in a practically pure condition , and forms beautiful crystals 
on cooling. 

By fractional distillation, the liquid portion yields a liquid, boiling 
from 158°-160°, having a sp. gr. of 0.857 at 26.5°. In a 200 m.m. 
tube it showed a robtion of 43° 20' to the right. The analysis and 
the vapour density agreed with that of a substance of the com
position 010 R16' 

Tbis hydrocarbon clearly belougs to the pin ene group; with 
nitrosyl chloride it yields a compound whicb 2), by the act ion of 
piperidine, gives pinene nitrolpiperidine melting at 118° - 119°. 

Chemistry. - ti On the action of nit1'ic acid on the esters of 
methyl-phenylaminoformic acid . ..c By Dr. P. VAN ROMBURGlI. 

Some years ago, I have shown that by the action of nitric acid 
on the esters of phenyl-aminoformic acid, undel' definite circumstan
ces, two or three N02-groups simply enter the benzene nucleus 
without any substitution of N02 for the amino-hydrogen, or libera
tion of the formic acid-residue taking place. 

1) Report of ordinary meetIU~ Kon Akad v. Wetensch 23 April 1898. 
2) This nitrosylchlorule compound does not, however, melt at ] 03° but ,tt 108°. 

I also found tllllt melting point for an Itnnlou;ous compound from tlle tel'pene from 
the leuves of MlJl isttca fl a!ll'a1t8. 

4 •• 
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In continuation of that research, I have now studied tJle action 
of nitric acid on the methyl derivatives of the esters: 

/ CBs 
C6 E5 N\. . 

\. 000 R 

The possibility should exist here that, besides nitration of the 
nucleus, the formic acia~resiaue might be replaced"by N02 with 
the formation of trinitrophenylmethyInitramine which is very stabie 
towards nitric acid, or the methyl group might be replaced by 
hydrogen or, what is least likely, by N02• 

The result of the research was, however, quite different from what 
was expected. The methyl group as wen as the formic acid-residue 
remain intact and the reaction is Hmited to the introduction of N02~ 
groups into thc benzene nucleus. Whilst, however, when dealing 
with phenylaminoformic esters, it is an easy matter to introduce 
three nitrogroups into the nucleus, this is not successful with the 
methyl compound and only di~nitroderjvatives are obtaiued of 
the formula I: 

N02 N02 

4 4 

l> 

3 ) 
I II 

N02 
6 NO,\; •. NO. 

I 

NCH~ CH 
COOR NcohR 

-
Trinitroderivatives of the formula II may however, be prepared 

by an indirect way, so that one is led to suppose that th ere exists 
a so called sterical obstacle to the introduction of the third N02-

gloup iu the pI ace 6. 
The methyl ester of methylphenylcarbamie acid was prepared by 

the action of methylaniline on tL.e methyl ester of chloro-formic acid 
in the presence of water and obtained in the form of a nicely orys
tallising compound rnelting at 44°. The boiling point is situated at 
243°. When its solution in sulpharic acid is added to very con
centrated nitric acid a substance is obtained, which crystallises in 
beautiful glossy transparent crystals melting at 98°. This is the 
dinitrodel'i vat,i ver 
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The ethyl ester of methylphenylcarbamic acid has already been 
prepared by GEBHA.RDT 1) by the action of methylaniline on the 
ethyl ester of chloro-formic acid in ethereal solution. I also 
succeeded very weU with the preparation in the presence of water. I 
found the boiling point 5° higher than that of the methyl ester. 

Ey the action of nitric acid a product is obtained melting at 
-112° which is the dinitro-compounu 2). 

Heating in sealed tubes with fuming hydrochloric acid at J 50° 
breaks up both dinitrocompounds with formation of carbon dioxide, 

,- 4 2 1 

alkyl chloride and dinitromethylaniline C6 Hs N02 N02 NH CHs, 
melting at 178°, which for the purpose of identification was treated 
with fuming nitric acid, which formed trinitrophenylmethylnitramine 
melting at 127,°. 

Wh en both dinitroderivatives are boiled with fuming nitric acid 
thcy do not appear to become alt~red. Up to the present I have 
not succeeded in introducing a third nitrogroup. 

As it did not seem without importance to ascertain whether the 
desired trinitrocompounds might not be preparèd hy another method. 
I have made the following experiments. 

An aqueous solution of the potassium compound of the metbyl 
ester of trinitrophenylcarbamic acid was treated with silver nitrate, 
which forms the sparingly soluble silver salt. This is then treated 
with methyl iodide in tbe presence of methyl alcohol. Silver ioàide 
is formed, and from the methyl alcohol may be isolated a yellow 
compound, which aftel' being recrystallised a few times, melts at 
112-113° and is the desired trinitrocompound. 

In an analogous manner, I prepared the ethyl ester, which melts 
at 65°, 

That indeed the methyl group in these compolluds is linked to 
tbe nitrogen of the aminogroup could be demonstrated by boiling them 
with a solution of potash which caused a liberation of methylamine 
wbich could be proved beyond doubt by the reaction with bromo
dinitrobenzene, which formed dinitromethylaniline melting at 1780 

and yielding, by treatment with nitric acid, trinitrophenylmethyl
nitramine melting at 127°. 

The reaction with methyl iodide has, therefore, proceeded normally 

2.4.6 1 CO 0 R 2.4.6 I/CO OR 
C6 B2 • (N02)sN(Ag + CHs J = C6 H2 (N02)s N "",CH

s 
+ Ag J 

1) B. B. 17, S. 3042. 
!) It is peculiar thll~ this nitrated ethyl ester has a higher melting point than the 

corresponding methyl ester. 
30 

l'roceedings Royal A.cad A.mste~dam. Vol. 111 
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Chemistry. - "On the essential Dil from Ocimum Basilicum L." 

By Dr. P. VAN ROMBURGH. 

In the Botanical Garders at Buitenzorg are cultivateg three 
varieties (?) of Oeimum Basilicum L. which, although containing 
essential oils of very different composition, seem not sufficiently 
to differ from a botanical point of view to make different species 
of them. The natives eaU them hy the fnames of Selasih hitam, 
Selasih hidjau and Selasih Mekah (or S. besar). 

The oil from the first one, w~ieh has dark-green Ieaves, has been 
prepared by me many years ago, the yield is, however, very smaIl 
so th at the material for a more extended investigation is still 
wanting. 

As regards the oHs of the two others, some preliminary commu
nications will be made here. 

From the variety Selasih hidjau, which is distinguished from the 
previous one by a light-!!reen leaf; 0.2 percent (of the fresh herb) 
of an oil with a fennel-like oaour is obtained by distillation with 
steam; this was investigated jointly with Dr. TROMP DE HAAs. 

The specific gravity of this oil was 0.948 at 25°. On distilIation 
the greater portion passes over between 214°-218°. Analysis and 
vapour density point to a substance of the composition 010 H12 O. 

On treatment with alcoho1ic potash, a net 11 0 I is produced whilst 
on oxidation with chromic acid, a Dis i c a cid is formed. The said 
properties lead to the conclusion that the chief constituent of this 
oil is methylchavicol, which has been found by DUPONT and 
GUERLAIN 1) in FJ'ench-, and by BERTRUI and W ALBAUM 2) in 
German-, and Réunion-Basilicum-oil. 

In the lower fractions of the essential oil the pro ba bIe presence 
of pinene could be ascertained. 

From the fresh h:>aves of Selasih besar, I obtained 0.18-0.32 
percent of an oil which possessed astrong odour of eugenol; the 
varying quantity probably depends on the age of the herb and to 
some extent on the duration of the distillation. Both the specific 

1) Bull. Soc. Chem. III, 19, p. 151. 
2) Archiv d. Pharm. 235, S. 176. 
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gravity and rotatory power varied with different samples (sp. gr. 
0,890-0,940; rotation in a 200 m.m. tube -22°.5 to -36°). 

The amount of eugenol varied from 30-46 percent. 
The liquid remaining af ter removing the eugenol by dilute aqueous 

soda boils at 170°-250°, but its lower fraction cannot be separated 
at the ordinary pressure by fractional distillation as this alters its 
properties, which further investigation has shown. It may be readily 
isolated by treating the original oil with steam. One third part then 
readily passes over. A little eugenol which has been carried over 
is removed and the liquid distilled in vacuo. A.s chief product is 
then obtained a very agreeably smelling, optically inactive liquid 
which boils at 21 m.m. pressure at 73°-74°. The specific gravity 
is low, namely 0,794 at 22° and 0,801 at 15°, whilst the index of 
refraction was found - nlJ = 1,4861. Analysis and vapour density 
(according to HOFM.A.NN) agrees with, a substance of the composition 
010 H16' This substance to which I will give the 'name of Ocimene 
eagerly absorbs oxygen anJ then resinifies. H, for instance a httle 
is introduced into a tube filled with oxygen and inverted over mer
cury, this is soon observed to rise and gradually fin the tube. On 
heating at the ordinary pressure, the boiling point, which is at first 
situated at 176°-178°, is gradually ralsed and af ter a few hours 
boiling under areflux condenser in an atrnosphere of carbon dioxide 
a liquid is obtained which boils at 195° at the ordinary pressure 
(at 93° at 25 m.m.), has a somewhat higher specific gravity and 
shows a stronger refraction 1). A portion of the original liquid has, 
moreover, been converted into a product boiling at about 250°. 

In its properties, this low-boiling liquid reminds of myrcene, iso
lated by POWER and KLEBER from Bay-oil, a so-called olefinic terpene 
(boiling point 67° - 68° at 20 m.m.; sp. gr. at 15° 0,8023, nD = 
1.4673) which, however, as I convinced myself is distinguished from 
the same by its behaviour towards oxygen 2). 

I am still engaged with the study of these substances, also of a 
product with a higher boiling point from Selasih besar, which is 
probably a sesquiterpene. 

1) A preliminary determination gave ItD = 1.5361. 
') KLlilBEB. and POWER, (E. GILDEMEIBTER und FB.. HOl!'FlIANN "Die aetherisohe Oele" 

S. 668), state that myrcene gets polymerised af ter a week: I did not find this obser
'Vanon confirmed, for I could keep unaltered for months a. speoimen prepared by me 
from Bay-oil, kindly presented to me by the well-known firm of SCHIM.MEL Su Co. of 
Leipsic. 

(January 23, 1901.) 
\ 

f • 
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KONINKLIJKE AKADEMIE VAN WETENSOHAPPEN 
TE A~fSTERDA~f. 

PROCEEDINGS OF THE MEErrING 

of Saturday January 26; 1901. 

---_ .. :)\)0;.-. ----

(Translated from: Verslng van de gewone vergadering der Wis- en Natuurkundige 

Afdeeliug van Zaterdag 26 Januari 1901 Dl. IX). 

CONTENTS: Dl. J. J. BLA.NKS~IA: "Organic polysulfides and the polysulfidcs of sodium". (Com
mllnicated by PlOf C. A. LOBRY DE BRUYN) p. 457 - N. SCHOORL: "On Ulea 
dcrivatives of,sugals". (Commllnicated by PlOf. C. A. LOBIW DE BRUYN), p. 459.
Prof. A F. IIOLLEMAN: "On the nitration of olthochloro- and orthobromobenzoic 
'Icid". (Cornrnumcnted by Plof. C. A. LOBRY DE BRUYN), p. 462. - Dl'. J. H. 
ADRUNI: "Eutectic cm ves lil systerns of thl'ee sllbstances of which two are optical 
antipodcs". (Cornrnllnicntcd by Prof. II. W. BAKUUIS ROOZEBOO!X), p. 463. -
Dr. Il. B. HOLSBOER "On hents of sollltion in geneJal, that of Cd SOh 8/5 H 20 in 
palticulal'·'. (Cornrnumcatcd by PlOf. H. W. BAKHUIS ROOZEBOOM). p. 467. -
Dr. ERNST COHEN: "Thc I!~nantiotropy of Tin" VI. (Communicatcd by Prof. H. W. 
BAlUlUIS ROOZEBOOM), p.469. - Dl'. G. BAKKIJR: "Contliblltion to the theory of 
clastic substances". p.473. - J. C. SCHALKWIJK: "Precise Isothermals" 1. (Continlled). 
p. 481. (With one plate). 

The following paperl:i were read: 

Chemistry. - Dr. tT. J. BUNKS:MA: "Organic polysulfides and 
the POlys1tlfides of sodium." (Communicated by Prof. C. A. 
LO:BRY DE BRUYN). 

In a former communication 1) attention has been called to the 
fact that sodium disulphide lends itself to double decomposition both 
with o. and p. chloronitrobenzene and o. dinitrobenzene; the disul
phides so formed may then (as was already known of tetranitro-

I) Proc. Royal Acad. of Amsterdam Nov. 25, 1899. 

31 
l'roceedings Royal Acad. Am5terdam~ Vol. III 

; t ~ 
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diphenyldisuJphide) be converted by nitric acid into tbe correspond-
ing sulphonic acids. -

On continuing this research it has been shown that NU282 is in 
general very adapted to double decomposition; a large Dumber of 
aromatic and some more aliphatic disulphides have been prepared. 

As these disulphides are nearly all l'eatlily converted into sulphonic 
acids by HNOSl we possess in Na282 a general reagent for the 
preparation of sulphonic acids. This is of all the more importance 
because in this manner many sulphonic acids may be prepared whieh 
do not form by direct sulphonátion. 

In the previous communication it was suggested that su bstances with 
more tban two sulphur atoms might he formed by direct substitution. 
This has now been proved to be true; with the aid of an alcoholic 
solution which contains 2 atoms of 8 for 1 mol. Na2 S, trisulpbides 
are obtained, far institnce from o. dinitrobenzene o. o. dinitrodiphenyl 
trisulphide: N02• 06 H4• 83, 06H.j.. N02 whicb on oxydation with nitric 
acid yields 1 mol. of sulphuric acid for 2 mols. of o. nitrobenzene
sulphonic acid. 

Tdrasulphides were further obtained both by direct substitution 
with the aid of Na2 84, and by removing, by means of iodine, two 
atoms of sodium from two mols. of sodium, dithiophenolate: 

This is, tberefore, the application to a ditbiophenolate of a method 
"bieh is al ready known for monothiophenolates and was just tho 
way according to whioh the aroma tic disulphides could be prepared, 
for instance: 

The above reaction is also compal'ablt' to the iodometric process 
""here sodium tetrathionate is formed from thiosulfate. 

Some general conclusions, which do not appeal' to be devoid of 
interet5t, may now be dra WIl from the above ouservations. 

'First of all this, that the di~, tri- anrl tetrasulphides of sodium 
really exist in an alcoholit} solution. This appears from tbe di-, tri
and tetrasuJphides obtailled IJy double decomposition. (Special expe
riments abundantly proved th at the aromatic di-, tri- and tetrasul
phides could not be obtained by boiling the al('oholic solution of the 
mOllo- or disulphides with sulphur). 
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A second conclusion of general interest is the one which relates 
to the 'collstitution of anorganic polysulphides. 

From the fact that sodium di sulfide causes the formation of or
ganic disulfides one mol. of which on oxidation with nitric acid splits 
up into two mol. of a sulphonic acid, it follows that in sodium 
disulfide one sodium atom is linked to each of the sulphur atomsj 
its constitution is, therefore, Na S- S Na and those of the organic 
disulfides R S - S R'. As, mOl'eover, tetrasulfides are quantitatively 
formed from RS-SNa and iodine they may be assumed to have 
the constitution R S-S-S-S R' which supposes the existence in 
the molecule of a series of four atoms of sulphur linked to each 
other, comparable to those of carbon atoms. For the trisulfides thc 
formula R-S-S-S-R' is then arrived at. 

Finally, attention may be called to the fact that sodium disul
phide acts as a deoxidiser on those nitro-compo~nds 011 which it 
does not act with double decomposition. The reaction takes place 
without formation of bye-produds; RO for instanee m.m. dinitroazoxy
benzene is formed from m. dinitrGbenzene and p. p. dinitro-azobenzene 
from p. dinitrobenzene. The Nag Sg itsclf becomes Nag Sg 03 1). 

Fot' further particulani the disserLation should be consulted j its 
contents with a few additional obsel'vations will appear later on in 
the "Recueil". 

Amsterdam, Dec. 1900. 

Chemistry. - Mr. N. SCHOORL: "On w'ea derivatives of sugars". 
(Communicated by Prof. C. A. LOBRY DE BRUYN). 

The investigation as to the existence of these compounds originated 
in the vain effl)rts to readily detect lactose in urine in a short time 
and to distinguish it from glucose. LOBRY DE BRUYN and ALBERD.A. 
VAN EKENSTEIN have attempted this by inverting the sugars and 
then reducing the same with sodium amnlgam, the dulcitol for
med from the galactose may be identified by Hs benzal-compound 
which is very adapted for this purpose. The negative result given 
by these experiments made it seem possible to me that on treating 
urine with a dilute acid the sugar combines with the urea and got 
removed as such. 

I ~ 

I) See Proc. Royal Acad. of Amsterdnm Oct. 27, 1900. 

31* 
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FroID the following' experiments it appears that under the influence 
of dilute acids glucose reacts with urea even at the ord[nary tem~ 
perature and more rapidly at an elevated one. 

At 25°: 10 grams $1ucose, 21/ 2 gram of urea, dissolved In 

5 pOt. suJphuric acid up to 50 c, c. 

rotation at the commencelD~nt: 20° 20' 

» af ter 7- hours 20° 10' 

» » 24 » 19° 5' 

» » 48 » 17° 40' 

» » 101 » ] 5° 15' 

» » 580 » 7° ot-

At 50°: 5 grams of glucose, 1,6 gram of urea, dissolved in 
5 pOt. sulphuric acid up to 50 c. c. 

rotation at the commencement: 10° 10' 

af ter 42 hours 

» 96 » 

I did not succccd in isolating from the BO obtained l'eaction pl'oducts 
a èOIDpound of glucose with urea, chiefly because the change seemed 
to be a limited reaction and because the excess of sugar formed 
a syrup and prevented a separation by solvents. 

Therefore, another way was tl'ied which led to a favourable result. 
Glucose (1 mol.) and urea (2 mols.) were warmed with 5 percent 
sulphul'in acid for 20 days at 50°; the liquid was then freed from 
sulphuric acid by neutralisation with uaduID carbonate and filtered. 
By fel'menting during 5 days the excess of glucose was remo\e~ 
and the now laevo-rotatory liquid evaporated to a syrup. Aftel' 
some days, a crystallisation took place, the crystals containing besides 
thc excess of urea also a laevo-rotatory substance which was ob
tained pure by recrystallisation from alcohol and possessed the fol
lowing properties. 

MeJting point: 206°. Rotation: [a]l~ = - 23° (1 percent solution). 
Easily soluble in watel', difficult in absolute alcohol, not Ol' very 

little in ether, petroleumether, benzene, chloroform and acetone. 

... 
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Analysis: 

Substance : -0,1705 gram, 002 : 0,237 gram, H20: 0,0976 gram. 

Nitrogen estimation (according to KJELDA.HL): 

Substance : 0,121 gram = 10.65 cc. NllO acid. 

Foun~: 0: 37,9 percènt, H: 6,4 percent, N: '12,2 percent. 

Oalculated for 06 H12 05, N. 00. NHs!,: 

0: 37,8 percent, H: 6,3 percent, N: 12,6 percent. 

On boiling the aqueo~s solution the rotation remained about <(on
stant; on warming with dilute acid it rapidly became positive. 

FEHLING'S liquid was reduced although leas rapidly than by 
g'lucose. 0,040 gram of glucose-ureid reduced a quantity corresponding 
with the following amounts of Nhothiosulfate: , 

af ter 1 minute boiling: 8,7 cc. 

» 2 » » 9,4 » 

) 5 » » 10,1 :t 

» 10 » :t 10,3 )0 

while the quantity of glucose (0,0324 gram) corresponding with 
0,040 gram of g]ucpse-UI'eid reduced copper to the extent of 10 cc. 
af ter boiling' for two minutes. 

Neutml copperacetate is not reuuccd by glucose-ureid. With a 
solution of phenylhydrazine in acetic acid it yields no osazone at 
first, but on]y on pro]onged boiling. ' 

An analogous compound of glucose with phenyI-urea [melting point 
223°, [a]D = - 55° in 1 percent solution] was prepared In prac
tically the same manuer. The analysis gave: 

Substance : 0,1596 gram, OO~:' 0,3014 gl'am, H20: 0,0875 gram. 

Nitrogen estimation (KJELDA.HL), Substance: 0,151 gram=9,9 N/IOacid. 

Found: 0: 51,7 percent, H: 6.1 percent, N. 9,2 percent. 

Calculat~d Jor: 00 H12 05, N.OO. NH. C6 H5 : 

0: 52,4 percent, H: 6,0 percent, N: 9,4 percent. 
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~he chemical properties provcd to be analogous to tho_se of the 
urea derivati ve. 

Besides by heating in amd solution, it was found that the reaction 
of glucose with lurea anel phenyl-urea also takes place by melting 
these together at 1000 - 150 0 and also by heating under pressure 
in methyl- or ethylalcoholie solution. 

It was further notieed that lactose, galactose, mannose, arabi
nose and xylose also react with urea. On the other side 
the following derivatives of urea were tested as to their behaviour 
towards glucose: methyl-, phenyl-, benzyl-, symm. dimethyl, symm. 
diethyl- and symm. diphenyl-urea and it was noticed that the first 
three did reaet with sugar but the Jast three did not. On account 
of this and of the properties of the obtained glueose-ureids cited 
above, it may be assumed that at the condensation the carbonyl 
group of the sugar combines with one of the amido groups of urea 
with liberation of water: 

I 
C = I OB 2 1 N-CO-NH2 I --

and tbat these derivatives are, therefore, comparable with oximes 
and hydrazoues. 

It was also ascertained that thiourea and phenyl-thiourea react 
witb glucose, although slower. 

The study of these substances, which mayalso be important to 
physiology both hy their possible OCCllrrence in diabetic urine and 
with a view of a future synthesis of albuminou~ substances, wi11 
be continued. 

Amsterdam, December 1900. 

Chemistry. - Dr. A. F. HOLLEMAN : cc On the nitration of O?'t1IO
cltlo?'o- and Q1,tltoul'omobem:oic acid" (Commullicated by Prof. 
C. A, LOBRY DE BRUIJN). 

MONTAGNE has shown in his disscrtation 1) that in the nitration 
of orthochlorobenzoic aciJ with nit.ic acid, there is formcd besidcs 
the aJready known chloronitroacid (C02H : Cl : N02 = 1 : 2 : 5) a 
second mononitroacid which, howevcl', he could not i'lolate in a 
pure condition. In this, I haye suC'ceeued by fractional crystallisation 

1) Compme ,LIso Rec, 19, 54. 
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of the potassium salt". The K-salt of the main product crysta.1lises 
first in thin long needlesj in the very last motherliquors the bye
product has accumulated. This is liberated by hydrochloric acid and 
fUl'ther purifiec1 by repeated crystallisatioll from dilute alcohol. It 
then hflS a meJting point of 185°; in düute alcohol it is a little less 
soluble than tbe main product. 

In tbe nitration of ortbobromobenzoic acid only a single mono
nitroacid has, as yet, been noticed, namely the acid (COjlH: Br.: N02= 
1 : 2 : 5). Here, bowever, is also formed a second mononitroacid 
which may be aIso obtained by fractional crystallisation of the 
K-salts. Af ter repeated crystallisation frorn dilute alcohol, it melts 
at 191°. lts solubility in this liquid is about equally grellt as thaf 
of tbe maiu product of the nitration. 

The nitrogroup enters the place 3 both in tbe 0-01- and the 
o-Br-acid, so that the structure of two bye-products is CO2 H : 
Ol (Br) : N02 = 1 : 2 : 3. Tbis was proved liy beatillg the acids 
with ammonia to 150° when from both the same nitroamidoacid is 
obtained é CO2 H : NH2 : NOl! = 1 : 2 : 3) wbich was identified by 
its melting point (204°), its solubility in water, benzene and chloro
form and by the melting point of its ethyl ether (104°). 

The quantity whieh is formed of bath bye-products will be 
determined accurately. 

Chemistry. - Dr. J. H. ADRIANI: "Eutecfw curves in systems of 
tltree substancps of wlticlt two ~l'e optical antipodfS". (Com
municated by Prof. H. W. BAKHUIS ROOZItBOOM). 

In my dissertation "Systems consisting of optieal antipodes ,. 
(Amsterdam, 1900) I mentioned briefly (p. 53) a paper by BRUN! 

(Rendie. Accad. dei Lincei, 9 April 1899, pg. 332) in which he 
describes a method of deciding whether an externally-compensatecl 
inactive substance is a conglomerate, a rncemic substanc(l or a 
pseuclo-racemic mixed cl'ystal. BRUN I-pl'OpOses to determine the 
eutectic point of a solution of one of the antipodes, to aftenvarus 
dissolve mixtures of the lLntipoum; in known pl'oportion in the 
su me solvent and again Bnd the eutectie points. If all mixtures 
from 100 percent d- to 100 percent l- are tested in this way 
such a point wiJl be found for each mixture. These temperatures 
may be considel'ed, for the solvent under consideration, as functions 
of the eomposition of the mixture of antipodes and a figure may 



- 486 -

t 

t 

( 464 ) 

be thus obtained from whirh the nature of the inactive substanèe 
can be deduced. If th ree curves (a, b, c or a', b', 0', -fig. I) 
are obtained one has to deal with a racemie substance ; two curves 
(e, f, fig. Ir) are obtained when the inaetive substanre is a eonglo
merate of the antipodes; and one curve (g, h or i, fig. lIl) when 
one has got mixed erystals. 

a/ e' 
t 

!l 

i 

d t d e 
FIg. II 

BRU~I appears to have had in mind only aqueous solutions, but 
I fancy that the advantages of this method will be more partieularly 
apparent when substances wIth a hlgher melting point are used as 
solvents. If a numbf'r of dlfferent eompounds with different melting 
points are employed a'3 third substance, a series of euteetie curves 
is obtained for the same system of antipodes, and the nature of the 
inaetive substance at different tempemtures may thus be elucidated. 
Because if with the same system two solvents are taken, of which 
one has a higher melting point than the other it will be found in 
general that the first line of cuteetlC points is situated at higher 
temperatures than the seeond. It may, therefore, happen that the 
first line has a charaeter different from that of the serond because 
the inactive substance at the fi1'st set of temperatures is racemie 
and at the second set a eonglomerate or a mixed erystal. By now 
varying the third substanee until the euteetie line at a given set 
of temperatures has been found, it will be possible to answer the 
question as to the nature of the inactive substanee at a definite 
temperature or at least in a definite temperature zone. The method 
of BRUNI has not yet been applied; I, therefore, resolved to try 
it on camphoroxime, which 1 had al1'eady previously examined. 
I had founu that above 1030 i-eamphoroxime must be looked 

d 
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upotl as a mixed crystal, below 1030 as a racemie suhstance. As 
third substance it is neressary to take one which has no chemical 
actioll on the oxime, may be obtained perfectly pure, crystallises 
on cooling in a form clearly distinguishable from the oxime and 
does not form mixed crystals with it: napthaline, phenantrene, 
benzoïn and anthracene were used. None of thf'se subRtances acts 
chemirally on camphoroxime; it is only when this condition is ful
filled that the point of change of the oxime is not altered by the 
admixture. Moreover, none of these substances forms mixed erystals 
with the oxime; this is also a condition for the unchangeability of 
the point of change. 

The temperature at which the erystals of the oxime and the 
third substance melted simultaneously was taken as the eutectie 
temperature. This temperature was sometimes diffieult to determine j 
easiest with napthalene. The determination was done in the appa
ratus first described by "VAN EylC (Dissertation pg. 26). First, hy 
determming the whole melting line, the euteetie point of the d-oxime 
with the third substance was found; in the determination of the 
other eutectie points the investigation of the whole of the melting 
line was superfluous, for the rE'lation oxime: third substance at the 
euteetic point remained nearly constant with the different mixtures 
of d- and l-oxime, so that only a smaH part of t11e melting line 
needed to be examined in the neighbourhood of the eutertie point. 

The results are as follows: 

Eutectir Temperatures. 

% d- % 1- Napthalene 
m p 810,4 

100 0 61°.0 

95 5 60 .0 

90 10 59.6 

80 20 59 .2 

75 25 59 .4 

70 30 60 .1 

65 35 60 .8 

60 40 61 .3 

50 50 61 .9 

Phenanthrene 
m p. 99°, 4 

76°.2 

75 .6 

74.9 

74 .2 

74.8 

75 .6 

76.2 

BenzOJn 
m. p. 137°,0 

100°.2 

99 .1 

98 .2 

97 .8 

97 .4 

97 .0 

97 .2 

Anthracene 
m.p.21 10 

109°.2 

107 .6 

106 .8 

106 .2 

105.1 

105.6 
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Of the euteetie lines, oilly thc one half of 100 percellt d. to 
50 percent d.-50 percent Z. has been investigatcd; the other half 
whieh is perfer.tly' symmetrical with this has been dotted in the 
figures to give a better view. 
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.Benzoil1. Anthracene . 

These results confirm on the one hand the theoretical views of 
BRUN! and on the other hand the results which I had previously 
obtained with camphoroxime. 'fhe lines show that near to 60°, 
the eutectic point of the i-oxime is situated higher than tbat of 
thc antipodesj at that temperature the solubility of the i-substanec 
will be as a rule smaller than that of the antipodes as is also thc 
case at tbc ordinary temperature with different solvents. At a higher 
temperature tbis differenee becomes smaller; wh en n.earing 76

0 

(phenan,trene)the euteotie points of the antipodes antI the i-suLstance 
eoineide; at higher temperatUl'es this point has beeome lower in 
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thc i-form than in tbe antipodes. Tt may, therefore, be suspected 
that 'at that higher temperature the solubiJity of the i-form in 
different sol ven ts will be greater than that of the active forms. 

The line obtained with benzoin as third subst:lnce shows that the 
racemic compound still exists at 97°.2 j the zone iSl ho wever, very 
restrieted. Finally, at a still higher temperature the racemic com
pound has disappeared; the in vcstigation with anthracene as third 
Bubstance gave a continuous curve with a minimum at 50 percent 
d.-50 percent Z. At 105°,6 the i-oxime must, therefore, be regarded -
as a mixed crystal of equal quantities of the active oximes. 

1'his is quite in cOllcordance with my previous investigations on 
camphoroxime, the rcsults of which have been communicated in 
the report of the meeting of J une 2,~, 1899, 

Chemistry. - Professor BA.KHUIS ROOZEBOOM presents the dis ser
tation of Dr. H. B. HOLSBOER: "On' heats of solution in 
general, that of Cd 804, % I-l20 in particular" making the 
following communication regarding it. 

Since 1884 it has been recognised that the calculation of the 
course of the solubility curves of solid substances in liquida as 
fuuttions of temperature requires a knowledge of the so-called 
theoretical heat of solution, that is the heat of 8olution of the solid 
substance in its saturated solution. In 1885 I discovered a gl'aphic 
construction by means of which this quantity, which cannot be deter
mined experimentally, may be obtained from the curve of the heats 
of solution in different qnantities of solvent, Later on VAN DEVENTER 
and STACKELBERG devised methods of calculnting the same quantity 
from such determi~ations. 

For salts whose satnrated solntions are very dilute, the theoretical 
heat of sol ution differs but little from that in pure water; for salts 
with large solubility the Sigll may even differ. With same salts a 
minimum of solubility is B110wn at 11 definite temperature, the solu
bility, therefore, first decreases with mi increase of tempemture and 
theD increases when past the minimum. On the first part of the 
curve the theoretical heat of solution must, therefore, be positive, 
on the secOlld part negative nnd nil at the temperature of the minimum. 

Up to the present, this cbange of Bigt! of the evo]ution of heat 
hal:! ,not been aceurate]y proved to occur in any sueh case. Dr. 
HOLSBOEH bas investigated cadmium sulphate with 8Js mol. of H20 
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which shows a minimum of solubility at 15°. He determined accu
rately the heat of solution of this hydrate in much water ar15° and 
also the heats of rlilution of all kinds of soJutions beginning with 
the greatest possible concentration. He further determinerl the specific 
heats of a series of solutions and of the solid salt, so that the heats 
of solution of solid salt in varying quantitiAs of water at different 
temperatures could be calculated from thc values at 15°. He obtained 
the following results. 

Heat of solution of Cd 804 8fs HzO in (IC-%) H2O. 

IC 5° 1(1° 15° 20° 25° 
400 2075 2303 2530 2758 2985 

200 2194 230ü 2418 2530 2642 

100 2118 2203 2288 2373 2{58 

50.6 2013 2065 2118 2170 2223 

30.6 1835 1876 1918 1959 2001 

20.6 1657 1645 1633 1621 1609 

15.6 1405 1332 1258 1185 1111 

13.6 1061 966 8,10 775 679 

The saturated solutions contain, at the temperatures glven: 
15.03, 15.10, 15.17, 15.10) 15.03 H20. 

'rhe detel'minations of the heats of solution go beyond these con
centrations. It was) thel'efore, easy to deduce the theoretical heat 
of solution from the course of the curves for the ol'dina'y solutions 
in the immediate neighbourllOod of the point corresponding to the 
saturaied solution. 

The following results were obtained: 

Theoretical heat of solution. 

5° + 219 cal. 

10° + 165 ~ 

15° + 3 ~ 

20° 620 » 

25° -1221 ~ 
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The agreement bot ween the signs of the heats of so1ution and 
the course of the curve of solubility and the position of the minimum 
is very good. 

'l'he infiuence of temperature on the heat of s01ution is also very 
considerabie. 

It appears also from the table of tho ordinary heats of solution 
that with dilute solutions the heat evolved increases with the tem
perature, owing to the fact that the specific heat of the solution 'is 
smaller than the sum of the values for solid salt and water. With 
concentrated solutions the reverse is the case. From this it follows 
that there must be a concentration where the heat of s01ution is 
independent of the temperature because the specific heat of this 
solution is equal to those of solid salt + water. 

This appears to be the case with a solution with 22.5 H20. 
In the graphic repl'esentation all the heat of solution curves 

intersect each other at the point cOl-responding to this conrentration. 
Fot' want of investiga:tion of concentrated solutions, this peculiarity, 
which no doubt Oelcurs with many substances, bas up to the present 
escaped notice. 

Chemistry. - Dr. ERNST eOHEN: "Tlte Enlllltiotr01!Y of Tin" (VI) 
(Communicated by Prof. H. W. BAKHUIS ROOZEBOOM). 

Contrib~ttions io the histo1"y of grey Tin. 

1. In the journal Prometheus 1) E. KRAUSE roferring to my 
previous investigations on the Enantiotl'opy of Tin 2) makes the 
following communication: "Schon die Alten wussten, dass dioses 
weiche Metall, weiches "schreit", wenn man es bi egt, seine Mucken 
habe und der Verfasser eines mit RocM oder Onreoht dem ARISTO
TELES zugeschriebenen Buches (de Mirabilibus Auseultatiollibus Cap. 
51 1 Edit. BIWKMANN) sagt: das keltische Zinn habe unter anderen 
merkwürdigen Eigenschaften auch die, nicht bloss (wie die anderen 
MetalIe) in der Wärme zu schmelzen, sondern auch eintretender 
Frost bewirke dasselbe. 

Auoh PLUTARCII in den Tiseltreden (VI, 8) berichtet von in strengen 

') Jahrgang XI, 44, S. 701 (1900). 
~) These Proceeüings l89\! :tnO 1900 also Zeitsc!lI'ift fur phys. Chemie ~O, 601 

(l8\!\J) 33, 57 (L900) 3;" 588 (IUOO). 
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Wintern herabgestürzten Bildsäulen, weil das Metall, mit dem es in 
den Postamenijln vergossen, durch den starken Frost geschmolzen sei' 

Diese Thatsaehen waren so bekannt, dass ARISTOTELES si eh um 
eine physikalische Deutung bemilhtc. Das MetalI, sagte er, ziehe sich 
im Froste so stark zusammen, dass die in seinen Poren enthalten6 
Wärme es durch die Zusarumenprcssung zum schmelzen bringe. Wie 
alles, was ARISTOTELES sagtr, wurde diesel' Angabe bis ZUl' neueren 
Zeit GIauhen geschenkt, und noch MONT.A.IGNE tührt die Frost- und 
Hitzeschmelzung des Zinns zum Beweise dafûr an, "dass sieh die 
Extreme berübren". 

As the questioll whether thc Ancients were acquainted with the 
peeuliar phenomenon shown by tin at low temperaturcs, interestcd 
me very much, I have endeavoured to find further particulars in 
connertion with KR.A.USE'S communication. 

It is only through thc kind assista,nce of PlOf. SPEYER of Gro
ningen, to wh om I here wish to express my hearty thanks, that 
it has been possible to contI ol this matter; to him I am prm
eipally indebted for the following partieulars. 

2. In ARISTOTLE ( or Pseudo-ARISTOTLE), IIE(!i Oav[.taalwv 

áxova(LáTWV 50, the followin~ passage is founel 1) Tàv xaaalTE(!OV Tàv 

'JCElTtxàv nfxEaOal ljJaat :rolv TáXtOV 110l1'[3ó'ov' afl118ïov ó'È Tijs EVTflSlas, 

ÖTt njxElJOat ó'o')CEi ')Cat Èv Tgl vó'aTt· X(!c.ó~Et i'oi'v, ros ËOlXE, Taxv. 

n['JCETat dÈ "at Èv ToïS 1fJVXEOtV, öTav i'Évfl'r:at :rái'fl, Ëi'xaTalEtOl1ÉvOV 

Ilv-rÓS, ros ljJaol, "ai avvwOov[.tÉvov TOV OE()flOV TOV Ilvvná(!XOVTOS aVT(9 

dlà T~V áa()€vEwv. 

1t is said that Oeltie tin melts mueh more quiekly than lead. 
A proof of the fusibility is the statement that it also melts in 
water; apparently it seizes fJ) quickly. It also melts in the cold when 
frost has set in, because, as is said, the heat eontained in it is 
inwardly confined and eompressed on account of its weakness. 

3. The passage from MONT.A.IGNE cited by KR.A.USI!l is founel 
in his Essais des vainfs subtilités 3): L'extreme froidcur, et l'extreme 

1) BibliotheC!1. scriptorllm grnecorum et romnnOl urn Teubnertaua, Llpslae 1888. 
Editio OTTO APELT. 

2) Prof. SPEYER in cornmenhng on tile tr'lIlslntion of xpJ!;el by mze8 snys: this 
trnnslation does not s,ltisfy me. The word menns to touch, to catch, to stuin, but 
XprIt;ti 15 active lInd T cnnn!)t see lJOw it could mean here "lt discolourll". I um 
roore inclined to believe tbnt the i<lea is uit is sensitive to outside influences". 

S) 1 nm quoting n Parisian edition (Dr:soER, librnirie, rne Cluistine 1818). Nou. 
veUe Edition, livre premier, UV, pag. 104. 
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chaleur cuisent et rotissent : Aristote dict quc les cueux de plomb 
se fondent et coulcnt de froid et de la rigueur de l'hyvel', comme 
d'une chaleur vehemente. 

At this passage the editor adds in a note: "lei MONT.A.IGNE 
ne mpporte pas exactement la penséc d'AmsToTE, qui, après avoir 
dit que l'étain des Oeltes se fond plutOt que le plomb, puisqu'ii se 
fond même dans l'eau, ajoute: L'étain se fond ausbi par Ic froid 
quand il gèle etc. de mirabilibus auscultationibus p. ] 154 Edit. 
Paris, Tome 1. 

That MONT.A.IGNE made amistake when he cited ARISTOTLE in 
tbis place appears from the fact that what be attributes to ARIS~ 
TOTLE 1) may be read in PLUT.A.RCH (Symposiaca VI, 8). 

Rcferring to thc fact that ravenous hunger occurs af ter grcat 
fatigue, for instanee aftel' having wallred through snow, and th en 
disappe'lJ's aftel' partaldng of only vel'y small amounts of food, 
partieularly a morselof bread, one speaker contends that the heat 
being withdrawn from the interior and heaped up on the outside 
of thc body, as for example the perspiration and the warm and tired 
hands and fe et of tbe fatigued person, show, leaves inwardly a state 
of cold which eaus es a craving for food. Another says, no, the 
craving for food is not caused by the cold, but in the body something 
takefl place similar to that which happens with metals in ft very 
severe winter. There it is seen that cooling- does not only cause 
congealing but also meIting for in severe winters á"póvat p.oJ..if/óov 
occasionally melt away, consequently something similar may be 
supposed to take place in the jntestjnal process, etc. 

Probably, leaden grindstones are meant. (Plumbese cotes In 

WIJTTENB.A.Cn'S tram.lation, cueux de plomb in MONT.A.IGNE'I:l). 

4. According to a private communication from Dr. KR! USE he 
has borrowed PLU1'ARCH'S citation (see pag. 469) from a tl'anslation 
hy KALTWASSER (Bd. 5, S. 594, Frankfurt a. M. 1793) where may 
be read: 

Uebrigens ist es ausgemacht, dass die Kälte die Körper nicht nul' 
verdichten, sondern sic auch zerschmelzen kann. In strengen Wintern 
geschieht es zuweilen, dass grosse Stticke Blei, womit die Bild~ 
säulen all den Postamenten befestigt sind, zerschmolzen werden und 
herabfaJlell. 

1) Pluturchi chaeronensis varia scripta qune mOlnlm "ulgo vocantur. Llpsill~, ex 
officinn Car. '1'auchnitii 1820. Tomus rv, 339. 
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Of this, however, nothing is to be found in PLUU.RCR himself 
at the place mentioned. 

5. Whilst ARISTOTLE makes a very clear distinction between 
'Xaaa{'rEQos (tin) and (.tó).v(Mog (lead) the question might be put whether 
PLUTARCH when using this last word realIy means what we under
stand by lead or whether we have also to think there of tin. 

BERTHELOT says in his Introduction à l'Etude de la Ghimie 
des Anciel1S et du Moyen A,qe 1): "tout métal et alliage blan(', 
fusible et altérable au feu, s' appelait à l'origine plornb. Plus tatd on 
distingua deux variétés: Ie plo mb noir, qui comprenait notre plomb 
et plus rarement, notre antimoine, etc.; et Ie plomb blanc, qui 
comprellait notre étain et certain alliages de plomb et d'argen(" 

Of importance is also w hat BERTHELOT 2) afterwards wrote in his 
"La Ohimie au Moyen Age (1893) where he devotes a chapter to 
the names of tin. -

"Le nom que 'Xa(Jai'rE!!OS, employé dans HOJ\IÈRE, (± 800 a.Ohr.) 
paraît signifiel' un alliage de l'argent avec Ie plomb, peut être associé 
à l'étain: il n'a pris son sens actuel, dans toute sa précision, que 
vers Ie temps d'Alexandre (356-323 a. Ohr.) et des Ptolémées ... 
mais on s'exposerait à toutes sortes à'erreurs, en l'appliquant aux 
auteUl's qui ont employé 10 même mot à des dates plus reculées." 

We may, therefore, assume also in connection with the distinc
tion made between ~a(J(jhE!?OS and (.Ló).v~óos (see above), that in 
the time of ARISTOTLE ,384-322 B. 0.) the meaning of ~aG(j('rEQOS 
corresponded with our idea of tin 3). 

It certainly seems worth while to study the behaviour of lead 
also at low temperatures. 

Summarising, it appears from tbo above that there is reason to 
suppose that thc changes which tin may undergo at low temperatul'es 
had alroHdy been observed at the time of ARIsroTLB, whilst nothing 
definite can, as yet, been said about an amüogous conduct of lead. 

Amsterdam, Ohem. Lab. University, December 1900. 

1) Puns, 1889, p. nO-231. 
2) Paris, Impnmerie nationale. Tome T, 3R7. 
3) The statement that it nIso melts in water might mnke us aguln entertain a doubt. 
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Physics. - Dr. G. BAKKER: "Gonb'ibution to tlte theory of elastic 
substances ." 

If we leave electrical and magnetical forces out of consideration, 
the forces acting on a body are gravitation, external pressure or 
ten sion and the internal molecular pressure and thermic pressure. 
Though in the theory of elasticity the substance ii::l substituted bya 
continuous agent and we have therefore strictly speaking not to deal 
with mutual action of molecules, I shall yet keep to the usual 
term, though the term cohesion seems more suitable to me than 
tbe term molecular pressure. 

In the theory of elasticity, just as lD the theory of capillarity, 
forces are assumed, which are only perceptiblc at exceedingly smaIl 
distances. If these forces are supposed to have a potential, the 
potential function 

e -!lr 
-f-

7' 

which IS a special case of the general function of Dr. C. NEUMANN, 

Ae-"r Be-(3r Ce-rr -+-+-+ ... 
7' 7' 7' 

might be of great use here, for if we take q very large, the forces 
between two volume-elements will rapidly decrease with the distance. 

In his thermo-dynamical theory of cltpillarity VAN DER WAALS 

hus found this potential function to be a probable function for the 
capillary farces. Afterwards I have further discussed this function 
in two papers, presented to the Academy the 28th of October and 
the 25th of November 1899, and I further applied it in my treatise 
"Zur Theorie der Kapillarität" (Zeitsch. fûr phys. Chemie XXXIII, 
4. 1900). \ 

Let us imagine an "infinitely small" volume-element in the body 
in consideration, and let us take that space as unity of volume. 
If U, Band {f are respectively the virial of the extern al farces, 
that of the molecular attraction and that of the thermic pressure, 
then the total vi rial per unity of volume is e. g. : 

• . • • • (1) 

1) The influence of grllvitntion is left out of considerntion. 

32 
l'roceedings Royal Acad. Amsterdam. Vol. III. 
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1 imagine the element to have the share of a cube, the sides of 
which are parallel to the principal pressure-axes of thc point in 
considel'ation, which 1 take as coordinate axes. Then the general 
expression for the virial: 

F=-~i(X.v+ Yy+Zz) 

glves immediately: 

. . . . . (2) 

PI' P2 and Ps representing the principal pressures. 
If SI' S2 and Ss represent the molecular tensions in the same 

directions and () the thermic pressure in the point in question, then : 

PI = {)-SI' P2 = ()-S2 and Ps = O-Ss 

or 

80: 

3 1 
U="2 0- "2(Sl + S2 + Ss)· . (3)' 

As the thermic pressure depends only on the condition of the 
substance in the immediate neighbo\.lrhood of the point 1), where 
the value of the vi rial of the therm ic pressure is 0 2), we may 
take for 0 also the value which this quantity would have if at the 
same temperatu1'e the substancc round the point in consideration 
had the same density as in the point itself. If we take for the 
agent, .... hieh in these considerations is used as a substitute for the 
body which is thought to be jsotropical, the potential functioll: 

e-qr 
-f-

l' 

the followillg differential equation holds good for th at agent: 

I) In contrnst to the molecular forces of attrnction. 
~) Zeitschrift fllr phys. Chemie xxx rIf, 4 1 !JOO p. 478. 
3) Konillh. Akad.. v. Weteuschllppen: Proc. Nov. 25th 1899 }>. 2. 
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For a region which is large enough and for which we think the 
density (! to be the same everywhere, \/2 V = 0 and so: 

or substituting a for 2 1& ]),,2 : 

V= - 2aQ 

the ten sion S now becoming: 

V2 
8= -- =a(l 1) ••••••. (4) 

4nf)..,2 

If in this case we eaU the pressure p, then: 

. . . (5) 

P is the pressure of the homogeneous phase with the density Q of 
the point in question and at the temperature of that point. 

From (5) follows: 

333 
"2 p v = 2" 0 v - 2" a Q (v = speci:fic volume) . • . (6) 

If Fl is the virial of the homogeneous mass per unity of mass, 
then: 

3 
for, as may be easily shown, the virial is "2 X the potential energy 

with reversed sign. (See Zeitschrift für phys. Chemie XXI. 3. 1896, 

1) Konink. Akad. v. Wetenschappen: Proc. Nov. 25th la9\! p. 219 and 320. 

~ If the expression 9 = RT
b 

held for the thermic pressure for an isotropical sub. 
v-

stance with a certain density. we should get the same equation of state as that of 
VAN DElt W HLS' for gases aml liquids. 

32* 
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pag. 503). Further : p v is the virial of the external forces and 

,9} that of the thermic pressure (per unity of maas). 
3 

If we substitute in (7) _the value for 2" pv derived from (6) we get: 

If we suppose that the total vi;ial of the mass-unity is a pure 
fun('tiol1 of thc temperature, just as for hquids and gases, and further 
that IJl dt'pends only on the density (and temperature) th en : 

F} (! = F and 19-} (! = 19-

and so according to (1): 
3 

U+B+19-=2"0+19-

By substitution in (3): 

1 
B = - (SI + S2 + SS), . . . . . . (8) 

2 

or in words: 
the vi"ial of t he molecula?' forces per unity of volume is kalf 

tlle sum of the thl'ee principal tensions. 
Jf we put A = - f and B = 0 in the expressions which in the 

paper alroady mentioned I found for the tensions pxx, pyy and pzz 
(pag. 318), through which the potential function 

we get: 

Ae-qr + Be gr 

r 
becomoB 

e-qr 
-f-

r 

(dV)2 (dV)2 (dV)2 
- 8 11; f pxx = da; - dy - d; - q2 V 

(dV)2 (dV)2 (dV)2 
- 8 TC f pyy = dy - dz - da; - q2 V 

(dV)2 (dV)2 (dV)2 - 8 TC f pzz == - - -, - - - _ q2 Tl 
dz I I , dy 
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13y addition : 

\(dV)Z (àV)2 (dV)2/ 
- 8 TC J (Pxx + pyy + pzz) = - I dJ; + dy + dz I - 3 q2 V 

The sum of the teusions [lxx + pyy + PZz is therefol'e independent 
of the direction of the sldes of the cube-shaped plement In conside
ration. We may therefore l'epre:,pnt the snm by SI T S2 + S3 and 
find then: 

RIJ, 3Vz ( 1) 
B = 16 n f + 16 n f},2' • • • • (9) À = q 

The tensions Sz and S3 normal to the lines of force appeared to 
be the same. We found for them: 

and 

R2 V 2 

8-8- +-~ 
2 - 3 - 8 rf f 8 n f ')..2 

while we found for thc potential E'nergy per unity of volume: 

R2 V Z 

w=--- . 
8nf 8 nJ},2 

Now we cnn easily derivc the relntion: 

S2 - SI = - 3 W - 2 B • • • • , , (10) 

or in woros: 
The difference of tlte tellsions not'mal io anrl in tlto directiolZ of 

the lmes of force (per unity of suIfd.ce) is tltree ttmps the wode 
1'equired io ra1'ef!l i!te subsfance infiJlilelll. diminisherl ll'tth twice tlte 
vi?'ial of the molewlal' fm'ces ot attraäion (per ulllty of volume). 
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Dilatation. 

Ir ).. and "" are two constants, we have according to KIRCHHOFF 

for the projections of the displacements af a point, whose coardinates 
are x, '!I and z: 

dW (- Xx is there-
+ ). dZ = - X;L fore atension) 

By camposition: 

The secand factar in the left-side member represents the dilatatiOll, 
and is generally indicated by the symbol \1. Therefore: 

Xx + Yy +Zz 
\1 = - 3 Jo + 2 ft ...... (11) 

The quantities Xx, Yy and Zz correspand ta the quantity which 
we should eaU the hydlabtatic pressure in case af a liquid. Ifthere
fore the malecular tensians are represented by 8xx etc., we have: 

Yy= 0 - Sy!/ 

Dy substitution af 0 fram (3) 

ar accarding ta (11) 
2U 

\1 = - À • • • • • • • (12) 
3 + 2!t 
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Applications. 

1. Elongation of a pt·ism. We lmagine at tho two ends a force S 

per unity of surface m tbe direction of the longitndinal axis. If we 
apply formula (12) to every volume-element of the prism, the total 
increase of volume becomes: 

For space-elements which are quite inclosed by others, the increase 
of volume for the external virial (extcrnal with regard to such an 
element) is neutralized by that of tbe burrounding ones and finally 
the tatal external virial is tbat of the extemul forces acting on 
tbe prism. That virial is in tbis cabe: - 1 Si d. 

Tberefore: 

J 2 U Sld 
'i1 dr = - 3 ), + 2 fl = D-).,-+-~ -ft (d = section). 

The dll,ttation is therefore: 
S 

2. Dilatation of a hollolV cyUnde1·. Let S be tho corresponding 
force just mentlOned, ]> and p the fOl'ees per unity of surfare, normal 
to the outer and lUner SUl face, t.lkon pos!tnely in tho direction 
of the racl!U'l, then, If l represents the length, rand R the rafhi 
mternal and external, the virial of S IS: 

- 1 S i (n- R,2 - n- 1,2), 

the virial of P: 

-1 ~ P R = - t R X 2n- R lP 

and that of p: 

- t r X 2 n- r lp. 

rl'herefore: 

Tbe total increase of vol ume divided by the volume n- (R2 - r2) l 
yields for tbe dilatation: 

-- -- ---- ---- - ---
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3. Dilatation of a spherical shell. 

Let p be the internal, P tbe external pressure, both calculated 
positively in the direction of tbe radii '1' and R, then is, according 

to the general expression of tbe external virial - ! pv, the vi rial 

of 'P: 

3 4 ,3 4 
- - p X - 'f& 'l'3 and of p: - - p X - n R3 • 

2 3 2 3 

A.fter baving divided by 3), + 2 ft and by tbe original volume 
4 3" n (R3 - 'l'3), we get for the dilatation : 

4. OERSTED'S Piëzometer. 

If V is the external and v the internal volume, then the virial 

of the ex ternal pressure is p : ! p V and tha t of tbe in ternaI press-

ure: - ! pv. As the ol'ÎginaI volume of the substance forming 
'" 

the sho11 is V - v, tbe dilatation uocomes: 

So we see that the value of 'the ratio 'il does not depend on the 
externalor internal volume nor on thc form. The external volume 
is therefore compressed in a propol'tion as if the vessel were massive, 
whioh conesponds with the views of COLLADON and STURllf and 
is opposed to those of OIms'rED. 
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Physics. - J. C. SCHA.LKWIJK: "Precise iSIJt7tel'mals. 1. Meas .. 
urements and calculations on the COl'l'ections of the me1'cury 
meniscus with standm'd gas-manometers" (Continued.) (Com
munication N°. 67 from the Physical Laboratory at Leiden, 
by Prof. H. KA.MERLINGH ONNES). 

§ 6. We now can change the formulae fOlmd sa, that they repre
sent the surface of interpolation meant in S 3 for the mean height 
up to the limits R = ° and 0 = 0. 

For the narrow tubes we find then: 

and for small values of 0: 

• • • (1I) 

It should be nofed that in both the expressions the factor of oR 
is greater than ~. 

In order to be able to calculate I in the limiting cases by means 

of these formulae, we must introduce the value of ~. This is not 

exactly lmown to us. Fortunately an uucertainty in ; is of little 

interest for the correspondence meant in § 4, since for small values 

of R, ~ in the formula (I) occurs only in that term in which also 

R3 appears, so that ai change in ~ has only little influence on I. 

In the same way in small values of 0 the influence of a change in 

the value of ~ is unimportant for values of R smaller than 

0,045 cm. 
In order to demonstrate this I have calculated for 0 = 0,05 two 

H 
menisei, for which J have not accepted - = 0,0354 cm2, which 

s 
Ilumber may be derived from the data of QUINCKE for mercury, 
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three hours af ter tbe formation of a drop 1), but 0,0433 cm2• for 
mercury, immediately af ter the formation of the drop. Then we 
have for: 

R = 0,588 cm. f= 0,0168, 

R = 0,4555 ~ f= 0,0125; 

wbile for H = 0,0354 cm2• we get for: 
8 

R = 0,588 cm. f= 0,0172, 

R = 0,4555 " f= 0,0127. 

And so we may easily complete tbe direct meai:lurements by the 

limiting cases calculated on the supposition H = 0,0354 cm2• up to 
8 

\ 

tbe surface of interpolation. From § 7 it will appear that th:s value 
may certainly be put in stead of that whicb existed with tbe menisci 
observed by us. 

I will now first draw the curve which represents f as a function 
of (j with the tube of 0,283 cm. radiui:l (curve I in fig. VI of the 
plate) 2). 

For this I have drawn (j from thc point A in a horizontal direct
ion for whieh 0,0025 = 1 mm. is taken and f in a vertical direct
ion for which 0,0005 = 1 mm. 

In this manner from the menisci measured the points B, C, D 
and E have been obtained; but here it must be borne 111 mind that 
the curve is not detel'mined hy these points themselves, but by the 
condition that Band E and in the ~ame way C and D must always 
be situated at equal distances on either side (cornp. §s 2 and 3). 

Further are computed by means of the yet unsimplified formula: 

f=(jR-~~R211 
~n+l 

1) But even this number is fnr from being certllin, for from two kinds of series of 

experiments at 20° C" QUINCKE found nlso vnlues correspondillg to !!. = 0,0391 nnd 
8 

H 2 _ = 0,0896 cm, 
8 

S) Given in the Proceedings Dec, 1900. 
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the fol1owing value~: 

J = 0,0991 ; f= 0,0148 represented by the point Pj 

~ = 0,0708 ; f= 0,0105 ) l) » G j 

~ = 0,0425 ; f = 0,00627 » » »H. 

And then the line I is drawn. 
In the same way line Ir in fig. VI is obtained for the tube of 

0,382 cm. radius. From the point A, ~ and f have been drawn in 
a similar manner and ~o we get the points L, M, N and 0, for 
which the paired points are again Land N, together with Mand O. 
The points Pand Q have again been caleulated. 

Line UI in the same fig. VI applies t'o the tube of 0,5814 cm. 
radius, and has been drawn from the point A. Here the paired 
points are S and T, and also U and V j Wand X have been eaI
culated. The points S' and T' as well as U' and V' belong to 
measurements in a tube of about the same width. It is difficult to 
draw the line through Wand X and a]so between the paired points. 
But as I do not use tubes of more than 0,4 cm. radius, I have 
not considered this mueh further, because in sueh wide tubes the 
riill is' no longer perfectly circular and parallax ean not easily be 
a voided in the measurements. 

Then fig. IV is drawn in whieh f as a funetioll of .R has always 
been drawn for the same value of ~. The seale values are again 
for f: 0,0005 = 1 mmo and for R: 0,0025 = 1 mmo 

First we have drawn the points with R = 0,2832 cm. in the line 
1 for the .. values of c): 0,05; 0,1; 0,15; 0,2; 0,25; 0,3; 0,35; 0,4; 
the straight line on which these points are situated is in fig. IV 
also numbered by 1. 

Secondly the points with .R = 0,382 cm. in the line II for the 
same values of ~; the straight lme is also marked 2. 

Then the points for R = 0,04 cm. and R = 0,1 cm. have been 
calculated and lastly a number of points are caleulated according 
to the forrhula (II), all for ~ = 0,05. 

The points Y and Z are those ealculated with the value H =0,0433 em2• 
8 

Now the line for J = 0,05 eould be drawn, by which the type for 
the lines ~ = constant is known. Moreover we could draw each 
time the beginnings of those lines at srnall valuo of B, auu so they 
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could be continued through the points given by tbe lines 1 and 2, 
The rest of fig. VI has been derived from fig. IV by seeking 

each time for tbe same value of R in fig. IV tbe corresponding 
values of (J and!, and by drawing them anew as in the case of 
the curves I, II and III in fig. VI. 

Curve V in fig. VI belongl:'l to tbe tube of 0,409 cm. radius, of 
which only one meniscus was measured. The remaining lines in 
fig. VI belong to O,OG; 0,1; 0,15; 0,2; 0,25; 0,3; 0,35; and 
0,4 cm. radius. 

§ 7. The form of the meridian section of tbe meniscus can, if 
H 
-; were exactly known, also be found graphic~lly in the way snown 

by Lord KELVIN 1). For if Q is the radius of curvature at the top 
of the meniscus, 1'1 the radius of curvature at the point P of tbe 
normal section perpendicular to thc meridian plane and 1'2 the radius 
of curvature in tbe meridian plane, then we can write the equation: 

so that, 
we can 

8 

for H' 

1 8 2 1 
-=-h+---, 
1'2 H Q 1'1 

if we start from tbe top witb a given radius of curvature 
always calculate '1'2 if we have accepted some value for 

For this I have again taken the value 28,25, hence 
r 

H - = 0,0354 cm2• and then all the values must be expressed in 
8 

cm. Änd so fig. VIII has been drawn on a 10 times magnificd 
scale, in which Q = 0,8 cm. has been taken 2). For 1'1 and lt we 
have each time taken the values which they have at the starting 
point of each element of the meridian curve so that the curvature 
is sure to be too small. In the same way fig. IX has been drawn 
in which h has been taken, as it is at the end of each element, 
BO tbat tbe curvature is too large. 

1) Ta a request to Prof. PlJRRY about the drawings of the menisai macle aftel' this 
methad, Prof. PERRY answel'ed that they were not published iu the puper in the 
1'ransaations of t11e Roynl Sor.iety of Eclinburgh nnd were aftenvards lost. 

I) 'l'his drawing, ns weIl as fig. rx wns originnlly constructed ou a 30 timE's mug
nified scnle and t11e curve was not divided into four ns in the figure, but in twenty
foul' elements; in the reprocluctiol1 011 al/I scale only four lines of r..onstruction 
have been clrawn. 
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Fig. X. 

~~IX 

Proceedings Royal Acad. J\ msterdam. Vol lIl. 
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The two curves are combine.d in fig. X on the original 30 times 
magnified scale and there the mean curve has been drawn as a 
probable meridian section. Fig. XI represents the meniscus when 
the radius of curvature is 1,1 cm. at the top; it was drawn on a 
25 times magni6ed scale, but is here again reproduced with some 
construction lines on a 25/3 soaIe; while for lt we have here always 
taken the height of the middJe of each curve element and in tbe 
same way for 1'1 the value, whieh that radius of curvature would 
have in the middle. 

From the original drawings of the figures X and XI I have 
again calculated for sevcral values of R (the radius of the tube), 
the height and the volume of the meniscus and from them agaill 
o and f and I ha, e a1so indicated these values in fig. VI by litHe 
sq uares; the deviation from the curves drawn already remains below 
the limit we require. The following' values are found: 

in fig. VI 

R. p. o. I. f· indicated by: 

0,2 0,03 0,15 Tt X 0,000619 0,0155 (3 

0,25 " 0,0487 0,195 n X 0,001582 0,0253 r 
0,2832 (1) 0,0653 0,230 n X 0,00278 0,0346 0 

» . 0,0424 0,150 Tt X 0,00180 0,0225 11 

0,3 0,0758 0,253 n X 0,00367 0,0408 E 

» 0,0493 0,164 n X 0,00238 0,0264 tJ 

0,35 0,115 0,329 n X 0,00786 0,0642 ç 

» 0,0727 0,208 n X 0,00484 0,0395 I-

0,382 (IIJ 0,092 0,241 n X 0,00748 0,0513 ;e 

0,4 0,105 0,262 n X 0,00976 0,0610 ).. 

§ 8. It follows from the given dimensions for menisci derived 

from the value H = 0,0354 cms. that the difference in value which 
8 

H has had in the menisci which I measured directly cannot have 
8 

had much influence on the determination of the volume. 
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The mercury in the tubes used for that deterrnination of the 
volume of the menisci was treated in exactly the same way as for 
the calibration of my piezometer tubes. And sa we have as much 
certainty as can be obtained, that tbe values derived from the direct 
measurements of tbe menisci are applicable to the meniséi which 
occur in the calibration. 0 

H ' 
Also for values of - not deviating much from 0,0354 cm2., as 

8 

they may occur perhaps, when tbe piezometertubes are used with 
compressed gas, it wiIl be allowable to use tbe values for tbe 
menisci which we have now found. 

In general it is obvious that from tho differential equation for 
hand r the same relation wiJl be found when the unit of length 

is changed in tbe ratio of the square root of ~. Thereby_ g rel11ains 

H 
unchanged. If therefore :::..... changes fr om 0,0354 to 0,0433 cm2., in 

8 

order to be able to use the same values tbe unit of length must 
be taken Vl,225 or 1,107 times larger. If for installce we desire 

H 
to know f for g = 0,35 and R = 0,3 cm., - = 0,0433 cm2• then 

8 

we must look for it at g = 0,35 and R = 0,271 cm.; we then find 
f = 0,0506 anel the value desired is 0,0560, while we find from 
the values measul'ed: 0,0566; wbich would give a deviation of about 
1 percent, and sa wi*in the limiis we have indicated. For wider 
tu bes tbe deviation increases; if for instanee we want to know f for 

H 
g = 0,35 and R = 0,4 cm., - = 0,0433 cm2., thcn we find in 

s 
Fig. IV at g = 0,35 and R = 0,361 cm., by continuing the curve 
a little f= 0,0735 and so the value sought is 0,0814; while from 
Fig. VI 0,0904 follows for the vaJue measured, a large difierence, 
for which it should be borne in mind that tbese numbers have not 
the accuracy of tbc values at a smaller (~, because they are obtained 
by continuing the curves for R = const. and I g = con st. a little 
beyond the range of observation. From the two instances given 
it appears that when }] increases, for wide tubes (R=0,4 cm.), 
the mean height decreases perceptibly. From the situation of the 
points ç, % and }, it wauld then follow that in the experiments 

H wauld have beEln just a little smaller than 0,0354 cm2• While 
8 

as we see OUI' results can be applied with a great certainty for the 
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calibratioll, when we use compressed gas, this is dependent on the 
. b H H12 

questlOn ow - or as we must write that factor then: --'-
8 ~-~ 

"aries with tbe pressure ofthe gas. Corresponding to the important changes 

of B arising from contact of the mercury surface with the air, the 
8 

contact witb a bighly compressed gas can also influence it. As I 
could not obtain any indications on this point, I bave assumed in 

H12 my calculations th,tt the influence of the pressure on --'- may be 
81-82 

neglected; it may be that later on we wiJl be able to apply these 
corrections again. 

That however these corrections wil! not probably become important 
for my determinations of isothermals, fo11ows from the fact that the 
wide tube has only been used to 8 atm. for which tbe change of 
H 
- by tbe pressure will certainly be only very smaIl; while at 
8 

high pressures the volume is measured in narrower tubes, and we 

bave proved that the influence of H decreases as the tube becomes 
8 

narrower. 
11 

§ 9. Although my researcb on tbe volume of the mercury 
meniscus has been made in order to evaluate thG correction in the 
calibrations of our piezometertubes and in the measurements made 
by means of them, 1 have with a view to possible researches, for 
which tbe meniscus must be known still more accurately, read the 
valucs of f as accurately as possible in the figures IV and VI on 
the original drawing of which the scale was twice and a half as 
large again as that for the plate. We caD now combine the values 
obtained in the following tabie; thotle which deviate imperceptibly 
from the mean height of the segment of a sphere have been pri.ated 
in a smaIl type. 

To make it prominent for wbieh menisci the deviation from a 
segment of a sphere begins to Lecome important in our accurat~ 
determination of isothermals I have underlined them in tbe table 1). 
The values obtained by extrapolation are in italics. 

1) In the clllibration of the piezometertuhe of 0.4 cm. 15 menisci occurred, the 
heights of which varied from 0.0870= 0.22) cm. to 0.143 (J = 0.36) cm., mean height 
0.114 CJ = 0.286

) cm.; in the measurements SO menisci occurred from 0.092 (J = 0,23) cm. 
to 0.14<1 (d = 0.36) cm. height; most of them between 0.108 (d = 0.27) aod 0.127 
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// 

R in c.m 11 0 . 05 I 0 1 I 0 . 15 o.g 0.25 I 0.3 I 0 35 I 0.4 

-
0.05 0.00126 0.00252 0.0038 0.00506 0.00637 0.00773 0.0091 0.0107 

0.1 o 0025~ 0.00504 00076 0.0102 o 0128 0.0155 0.0183 0.0213 
-

0.15 0.00376 0.00756 0.01145 o 0153 0.01925 0.02325 0.0274 0.0318 
-

0.2 00050· 0.0103 0.0155 0.0206 0.0257 0.0310 o 0366 0.0426 -
o 25 0.00655 0.0131 0.01965 0.02615 0.0327 0.0393 0.0462 0.0536 - -
0.3 0.0030 0.0159 0.0239 0.0320 0.0401 o 0483 0.0566 o 0657 - - -~ -
0.35 0.00935 o 0188 0.0283 0.038,j. U.0489 0.0592 0.0700 0.0815 - - - - -
0.4 0.01086 0.0218 0.0331 0.0453 0.0583 0.0737 0.0904 - - - - -
I thought it better to let the table stand in this form, because 

on account of the slight curvature of the lines in fig. IV and VI 
a better interpolatioJl is possible than if I had expressed the volume, 
in terms of the heigbt and the radius. 

But if rnany menisci at one width of the tube must be calculated, 
then tables must be derived for tbem from tbe preceding tabIe. 

If finally we reconsider the Dumerieal example of § 1 we cal
culate from this table a section of 0,5 cm.2 and a height of 0,14 
cm., a volume of 0,045 ce., while the segment of a spbere gives 
0,0365 co., and so we find a difference of about 0,0085 cc. or 
23 percent, or more than 7 times the error allowed in our measure
ments, BO that the correction oaleulated in these communications is 
indispensable for the accurate measurements aimed at. 

(~=0.32) cm., on an average 0.115 0 = 0.29) cm. For the tube of 0.283 cm. radius 
I obtained in tlle calibration 16 menisci from p = 0.042 (~== 0.1&) to P == 0.095 
(~ == 0.336) cm., on an average p == 0.073 (d = 0.258) cm. j in the measurements 33 me
nisci fromp=0.031 (d = 0.11) to p=O.l21 (ó=0.43)cm., on an averagep == 0.075 
(~ == 0.265) cm. The third and the fourth tube are sufficiently narrow, so that we can 
Olnit the correction on the segment of sphere. 

(February 20, 1901.) 
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KONINKLIJKE AKADEMIE VAN WETENSCHAPPEN 
TE AMSTERDAM. 

PROCEEDINGS OF TJ:lE MEETING 

of Saturday February 23, 1901. 

----;OOc)(:;----

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 23 Februari 1901 Dl. IX). 

CONTENTS: Prof. F. A. F. C. WENT: "On the Influcnee of Nutrition on the Secretion of Enzym es i 

by Monilia sitophila (Mont.) Saee." p. 489. - Dr. A. SMITS: "Determination of tbe 
declease of vapour-tension of a solution of Na Cl at higber t~mperatures", (Com
municated by Prof. H. W. BAKHUIS ROOZEBOOM), p. 503. - Dr. A. SMITS: "Some 
observations on the l'e5t11t5 obtained tn the determination of the decrease in vapour· 
tension and of the lowel'ing of thc freezing point of solutions, which are not very 
dilute", (Communicated by Plof. H. W. BAKHUIS ROOZEBOOM), p. 507. - Prof. 
J. D. VAN DER WAALS: "The equatlOn of state and the theory of eyelic motion" , 
p. 5.5. - PlOf. H. G. VAN DE SANDE BAKBUYZEN: "Report of tbe Committee fol' 
the organizutlon of thc obscrvatlOn5 of tbe solal' eelipbe on May 18th 1901", p. 529. 

The following papers were read: 

\ 

Botanics. - Prof. F. A. F. C. WENT: "On tlte lnfiuenee of 
Nutrition on the Seeretion of Enzymes by Monilia sitapltila 
(Mant.) Saee.". 

(Read January 26, 1901). 

The mould Monilia sitophila is used in the West of Java to cause 
decomposition in cakes of Arachis seeds; these are then eaten by 
the Sundanese under the name of onc7tOm. 

Spontaneously this mould occurs on putrefying bread and wheat
flour and has also been found in France; in 'Java I mèt with 
this Monilia growing spontaneouslyon dead leaf-sheaths of the 
Bugar-cane in the residency of Pekalongan (where onchom cakes are 

38 
Proceedings Royal Acad. Amsterdam. Vol. lIl. 



- 513 -

( 490 ) 

unknown). Material for investigation I received by the interference 
of Dr. A. G. VORDERMA.N, whilst the determination was done with 
the kind help of Prof. C. A. J . .A.. OUDEMA.NS. 

Like other Monilia species this mould possesses a branched my
celium from which arise the conidia-bearing hyphae up in the air; 
these are strongly ramified and are of ten for the greater portion of 
their length built up of chains of conidia, which are elliptical1y 
shaped, much varying in size (from 5 to 14 ft diam.); they separate 
very easily, aftel' having for a ..... time been united by a connecting 
part. In rich' cultures the hyphae are of ten united into tree-shaped 
masses, whilst the walls of the culture vessels are mostly coated with 
fringelike, downward pending, loose conidia-bearing filaments. I 
found that the pres en ce of a moist atmosphere is a condition for 
the appearance of conidia; hen ce, their formation can be almost 
totally suppressed by keeping the air above the cultures as dry as 
possible, especially ",hen the nutrient liquid is much coneentrated. 

Probably the fungus has yet another form of reproduction ; at 
least I repeatedly found characteristically wound hyphae, ",hich 
gave the impression of young peritheeia. I did not however succeed 
in bringing them to furtber development, bowever much I 
varied the culture conditions (neither, for instanee, when suddenly 
introducing a strongly fed mycelium into water, which has in some 
cases been successfully applied by KLEBS I). 

Pigment. 

Monilia sitophila is a most striking mould by its bright orange
red colour. The pigment ean be solved in absolute alcohol, ether, 
benzol, chloroform, etc. by whieh a solution is obtained of gold
ye110w to brown-red with a faintly green fluorescence; af ter eva
poration of the solvent, brown, fatty drops remain; insoluble is the 
pigment, inter alia in water, acetic acid and hydrochloric acid. 
The ahsorption spectrum of the pigment-solution shows a dark zone, 
emhracing the whole of the blue and violet portion of the spectrum, 
from about ll. 

Under the microscope the protoplasts of ten give the irnpression 
of heing coloured uniformly Ol'ange, but the pigment is also !:leen 
lying in drops in the protoplasm. I suppose that this is always 
the case, but that these drops are of ten so small that they cannot 
oe distinguished separately. 

1) Jllhrb, fûr wiss. Botanik 33. 1899, p. 513. 
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The mould has the remarkable property of exclusively forming 
this pigment when exposed to the light. If Monilia sitophila is 
grown in the dark, the mycelium 'and the conidia remain colourless; 
if however such a culture is placed in diffuse day-light, a light rosy 
tint sets in aftel' 2 to 3 hours, which s10wly passes jnto orange. 
Exposuro to the light during on1y 15 minutes is sufficient to bring 
about a faintly rosy tint af ter a few hours, which however does not 
pass' into orange in this case. A still shorter exposure to light seemed 
to cause a slight change of colour, if the action however was shorter 
than 5 minutes, the mycelium remained white. 

It was furthermore proved that the blue and violet rays (the 
same which are absorbed by the pigment) are those which exert 
the above influence. If the mould is grown in the light, which 
has passed ei th er through a kalium-bichromate solution or through 
a solution of the pigment itself, the mycelium continues colourless, 
whilst a hright orange-yellow tint appears when the culture is 
lighted by rays that have paased through' a solution of cuprammo
niumoxide. 

The signification of this pigment prodl1ction for the life of the 
plant is not yet clear to me; perhaps it protects the enzymes, 
produced by the mould, against the influence of the light; it is my 
intention to make a further investigation of this point. 

Very frequently the medium on which the mould is grown, takes 
a brown colour, especially in old cultures. This stands in no relation 
whatever to the infll1ence of the light, but, on the contrary, depends 
on the chemica} composition of the nutrient medium. rrhis brown 
colour, namely, appears only then, when the medium contains 
albuminous matter, pepton es, or tyrosin, so that this is probably 
due to a secretion of tyrosinase. 

Con ditions of Nutrition. 

Monilia sitophila thrives very wel! on number of natural media, 
such as Araehis seeds, bread, carrots, milk, broth, infusions of plums 
or raisins, somewhat Ie ss on the white of eg'gs, potatoes or sliced 
app1es. 

The use of media of exactly known composition proves that albu
minous substances and peptone caD serve as sourees, both of carbon 
and nitrogen for our mould: whence the value of suchlike sub
stances, as nitrogen food alone, is difficuit to determine. Excluding 
these, one of the best sonrees of nitrogen (~lucose being given as 
carbon nutrient), proves to be tyrosin, flIrther asparagin, asparagin 

33* 
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acid, leucin, anorganic nitl'ates, ammonium salts and nitrites, 
lastly, alanin ana glycocol. Bad sourees of nitrogeu are urea and 
hippuric acid, whilst kreatiu and coffeïn can still less serve as 
such. Many of the here mentioned organic compounds can serve as 
carbon food too, though mostly no vigorous mycelium is !ormed 
in this case. 

As sonrees of carbon stand foremost, besides the already mentioned 
albuminous matters and veptones, the carbohydrates. 

Of the suhstanees examined, we must first of all mention raffinose, 
whilst also the following ones can be quite weIl utilised as sourees 
of carbon: stareh, dextrin, maltose and cellulose, in less degree glucose, 
fructose, mannose and glyeogen, lastly cane-sugar, galactose, lactose, 
arabinose, arabin and inulin. Aromatic compounds seem unBt to 
serve as sourees of nitrogen j on the other hand several non-carbo
hydrates of i:he fat-series may serve as such: among the- aJcohols in 
the first place glycerin, fnrther mannite, erythrite, dulcite and in 
very small degree ethylalcohol j of the acids (in the form of salts) 
may be mentioned acetic acid, tartaric acid, lactic acid, malie acid, 
finany also acid-amids and amidoacids, such as asparagin, asparagin 
acid and glycocol. Fats are bad sourees of carbon, yet the mould 
succeeds in gett.ing same nourishment out of them: 

Although in this short paper I will not enter into ampler details 
eoncerning the conditions of nutrition, a few points are worth special 
mention. The optimum temperature for the development of Monilia 
sitophila lies at about 30° C. j at this temperature several substances 
can still be used as nutrients, which at ± 15° C. are valueless as 

_ such. Rence, if the object is to grow the mould at the ordinary 
room temperature, this will only succeed when the conditions of 
nutrition are weU chosen, but even then, the development goes 
on rather slowly. 

Furthermore it should be observed that the value of a nitrogen 
food depends on the carbon food present, and the reverse. If for 
instanee, maltose, glucose, lactose, cane-sugar and glyccrin are 
ofl'ered as sourees of carbon, then maltose proves to afford the most 
vigorous development wheu tyrosin, glycocpl, hippuric acid, kreatin, 
or leucin serve as souree of nitrogen, whilst eane-sugar is the 
best souree of carbon with asparagin as souree of nitrogen, and 
finally, when alallin is used, the development at the nutritiou with 
glycerin is three times more vigorous than with any of the other 
examined subfltances. It appears to me that the explanation of this 
phenomcnon should perhaps be sought in the greater or smaller 
facility with which the plant eau 'form proteids from th~ carbon and 
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nitrogen food which it receives. For we know from experiments 
with higher plants by HANSTEEN 1), th at Lemna ean form proteids 
from asparagill and glucose, but not from asparagin and cane-sugar; 
on the other hanil, it can form them from cane-sugar and glycocol, 
but not from glucose and glycocol. 

Lastly, in such experiments distinction should be made between 
the value of a carbon food as plastic material for the production 
of the eonstituents of the plant-body and as respiration material. 
It seems to me that this is most evident when comparing tbe result 
of nutrition witb glyeerin alone, raffinose alone, and with both 
combined. If as food is used 100 cm. of a liquid whicb contains, 
besides 0.5 pCt. NH4 NOs, and the other required anorganic salts 
3.27 pCt. glycerin, - tben after about two weeks, a erop is obtailled 
of ± 25 mgrs. (expressed in dry matter of the mould). If instead 
of glycerin 0.16 pCt. raffinose is tàken, the erop is under the same 
circumstances about 19 mgrs.; if however these two are combined, 
so that the nutrient liquid contains 0,16 pCt. raffinose and 3.24 pCt. 
glycerin then tbe erop is 150 mgrs. In order to get an equal erop 
with raffinose as the only carbon food, 2,5 pCt. 'of this substance 
must be added to the nutrient liquij, whilst with glycerin su eh 
a erop is not to be obtained. This can be explained when we 
admit that glycerin is not a fit material for the produetion of pro
toplasm or cell-wall (at least with NH4 N03 as souree of nitrogen), 
but is, on the other hand a good respiration material. 

As weIl on an acid as on an alkaline medium the mould can 
grow; to 100 cm. of nutrient liquid ean be added 10 cm. of 1/10 

norm. sulphuric acid, even 25 cem. of 1/10 norm. caustic potash, 
and yet development will take plaee. 

The mould can live anaerobiontieally i as weU in BUCHNER'S tubes, 
where the oxygen is absorbed by pyrogallol and eaustie soda, as in 
a eurrent of hydrogen, a rather vigorous development is obtained, 
though less than in the air. It seems to me that the development 
deereases, when the last tl'aces of free oxygen are better removed, 
so that in complete absence of this element the development is 
probably quite stopped. In an atmosphere of hydrogen, CO2 is 
developed and alcohol is formed. 

Decompositions caused by Monilia sitopltila. 

Fats as weU as proteids and earbohydrates are liable to certaill 

------
1) Jllhrb. fur wiss. Botanik. 3S, J 899, p, 117. 
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decompositions when introduced into a culture fluid in which Mo
nilia sitophil8. is present. 

Fats are, although vE'ry slowly, splitted up jnto glycerin-anil free 
fatty acids. Pl'obably the mould us es the glycerin as food._ This can 
be easi1y demonstrated by growing Monilia sitophila in a fluid_ wbich 
contains as carbon food butter-fat or Arachis-oil or another fat and 
to wbich is added a 1ittle litmus. The development of thc "mould 
takes place very slowly and at the same time the solution is seen 
to grow more and more red; in the absence of fats the mould forms 
no acid. This decomposition is probably caused by a secreted enzyme, 
a ]ipase. If the mould grows on milk, thi8 becomes acid, and at the 
same time the casein precipitates, which in my apinion, shauld be 
attributed to the decomposition of the fats of the mille. Rence, when -
mi1k, rendered free from fat by filtl'ation, is used as medium for our 
Monilia, na precipitate appcars but on the contrary, - the slight 
deposit which forms at sterilisation, is gradually sol ved. This is a 
consequence of the &ecretion of a proteolytic enzyme j to which 1 
sha11 plesently return. The dark brown colonr which these liquids 
thereby as. mme, is, as mentioned above, a consequence ofthe presence 
of proteids. 

N utrient gelatin is liquefied by tbe mould, as wel! in neutral, 
as in alkaline or feebly acid condition, in absence and in presence of 
free oxygen. 80 it was obvious that a proteolytic, more particularly, 
a tryptic enzyme, is seoreted. Ir a culture is made in a peptone 
801ution, filtered aftel' same time, and introduced in ta tubes of co
agulaied gelatin (with addition of all antisepticum, such as toluene 
or thymol), then the gelatin at' the surface is slowly liquefied, 
this does not oecur wh en the said liqujd has first been boiled; 
hen ce it is evident that a gelatin-liquefying enzyme was secreted 
by the mould. Thc quantity of this enzyme is however vel'J small 
whieh renders its examination troublesome. Moreover the secretion 
proyes to depend on the nuLrition of the mould; it is, e.g., found 
when peptone is given as food, not when glycogen and NH4 NOs 
are the nutrienis. I did not, however, pay mueh attention to this 
fact as something simiIar is much more distinctly observed with the 
carbohydrates and can there be better measured. 

The splitting of the proteids goes certainly further than the ap
pearance of peptones, BO it is easy to state the formation of NHs. 
It is also evident from the following experiment, that peptona is 
decomposed by the enzyme (or enzymes) in question here: When 
from a peptone liquid the mould is filtered and the liquid is allowed 
to stand with a üttle toluene, the rotation to the 1eft which is a 
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Mnsequence of the presence of peptone slowly decreases. This change 
of rotation does not occur when the liquid has fit'sL for a short 
time been heated to 100° C. The decomposition products of proteids 
are ho wever also found in cultures to which no trace of any 
proteid has been added, eg. ip. glycerin and K N03 solution. These 
can here have only taken origin from the protoplasrn of already 
dead ceUs of the mould. 

I have given much attention to the action exerted by Monilia 
sitophila on carbohydrates. Starch, dextrin, cane-sugar and maltose 
are hydrolised by the mould, lactose is not changed, although, as 
said above, it can serve as food. Cellulose is attacked and converted 
into a reducing sugar, which is however evidently soon consumed 
as food, so that only a feebIe reduction of FEHLING is observed in 
culture liquids where cellulose }s present as carbon food. That 
the cellulose is attacked is easily seen under the microscope, 
when the mould is grown on Arachis seeds, the ceU-wans are 
in all directions infested by the hyphae and so the cells are 
disjoined. I think that in this action on cellulose and in the 
saccharification of the starch (wherewith compared the converting 
of proteids and fats is ycry subordinate) the chief signification of 
Monilia sitophila as technical mould should be sought. 

Oane-sugar is hydl'olised into invert-sugar, maltose into glucose; 
in both cases there is question of enzymes, as will be nearer explained 
below. The saccharification of the starch also, should be ascribed 
to the secretion of an enzyme (or perhaps two enzymes). This 
saccharification can best be observed when the mould is grown on 
boiled rice. 1'he tough viscous matter is slowIy liquefied; whiist at 
first the iodine reaction is distinctly blue, it gradually grows more 
reddish and final1y all the starch proves to have vanished. The 
sugar formed is d-glucose, this follows from the extent of the rotation 
of the polarisation plane, compared with the reduction of FEHLING 

and from the formation of glucosazone with phenyIhydrazine acetate. 
During the beginning of the hydrolysis ho wever, the rotation proves 
ta be much greater than corresponds with the cupric-oxide reductioll, 
when this is rated as glucose; this is a consequence of the formation 
of dextrin as mid-product. If the dextrin is precipitated with alcohol 
then the rotation and the cupric-oxide-reducing power quite correspond 
with those of glucose. If the conversion produets are daily determined, 
thel'e is found in the beginning much dextrin and little glucose; 
hy and by the latter increases whilst the former diminishes and 
at length disappears, when the glucose has reached a maximum 
(about 43 pCt. of the weight in ri ce) ; afterwards the glucose also 
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decreases, e'\Tidently it is consumed by the mould. The auxanographic 
method of BEIJERINCK-WIJSMAN is difficult to apply whilst moulds 
as these soon completely overgrow an agar-agar- or geiatin-plate. 
Still the conversion of starch ean be observed therewith, -when 
an agar-plate is made and Monilia allowed to develop on it. When 
af ter a few days a dUute iodine- solution is poured over the plate, 
it remains colourless at the pI ace wh ere the development of the 
mould has beg"un; -round about a red- zone is seen which gradually 
passes into the blue of the further portion of the plate. 

From starch of different plants, under for the rest like circum
stances, do not re sult equal quantities of Bugar. I did not minut~ly 
investigate this fact; I only refer to it as it corresponds with what 
has before been described by me conjointly with Mr. PRINSEN 

GEERLIGS about Chlamydomucor Oryzae 1). . _ 
The earbohydrates undergo still further conversions, as Monilia 

sitophila produces also alcohol and besides various estdrs; the latter 
cause tbe cultures to spread a pleasant odour, reminding of apple
essence. If these ethereal substanc6s are distilled off they gi ve a 
distinct jodoform reaction, whilst at a fractionated distillation of 
this product, the ehief portion of the distillate, when shaken with 
benzoylchloride and caustic soda, produces a substance which by its 
smeU is known as ethyl-benzoate. 

lnfiuence of the Nutrition on the Secretion of Enzymes. 
, 

Tbe conversions of cane-sugar, maltose, and starch are caused 
by enzymes, which are secreted by the cells and so are to be 
found in the nutrient liquid. rrbis can easily be shown by freeing 
~he liquid with the help of filter-paper from the myceliurI.J. and the 
conidia of the mould and thell mixing the filtrate with a solution 
of cane-sugar, maltose, or soluble starch, with addition of a little 
toluene or thymol, to prevent the growth of micro-organisms. Aftel' 
some time aconversion appears to have occurred, which can be 
measured by the change in the rotation of the polarisation plane or 
by the cupric-oxide reduction test, and can be qualitatively estimated 
by making the osazones. For control an experiment was made at 
ihe same time with the other half of the liquid, af ter it had 
been boiled a moment; with it the conversions did not take 
place. The enzyme (or better the mixture of enzymes) could be 

1) Verhandelingen Kon. Akad. v. Wet. 2e Sectie, Dl. IV, No. 2, 1895. 
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precipitated with alcohol; af ter washing with alcohol a yellow-whité 
powder was obtained, partIy soluble in water. The solution proved 
to possess the properties of the original liquid, though in an atten
uated degree; as is known for other cases, here alao alcohol seems 
prejudicial to the activity of the enzymes. In pure state (albeit a 
mixture) they are surely not obtained in this way, because, as I 
hinted above, decompoi:lition produets of proteids occur in every cul
ture liquid, and these are alao partly precipitated by alcohol. 

Are theRe enzymes secreted under all cireumstanees? It is known 
that for the glands of the intestinal eanal of the higher animaIs, 
the experiments of PAVLOFF and bis diseiples have demonstrated, that 
the seeretion of enzymes is inrlirectly influenced hy the nutrition, 
but here the presence-of the nervous system makes the phenomena 
extremely complex, so that the ide~ lay at hand to seek, whether 
not in plants something similar migbt be found in simpIer form. 
For bacteria, FERMI 1) had observed that a gelatin-liquefying enzyme 
is only produced in the presence of food contáining proteids, whilst 
WORTMANN 2) had thought to find a similal' faet for diastase; but 
it should be called to mind, that the latter investigation was not 
done with pure cultures. BROWN and MORRIS 3) have shown that 
embryos of grasses secrete no diastase when growing in strong 
sugar solutions. KATZ 4) thinks that Penicillium glaucum would 
secrete no diastase when a sufficient quantity of cane-sugar or glucose 
is present in the nutrient liquid; to my opinion, however the method 
of investigation nsed does not allow to draw tbis conclusion. Finally 
DUCLAUX 6) gives some brief remarks concerning Penicillium glau~um 
and a not nearer determined Aspergillus, whieh secrete certain 
flnzymes only when they are fed in a special way. 

Monilia sitophila enabled me more amply to study similar phenoM 
mena. As I said above, the proteolytic enzyme is secreted on1y 
with a particular nutrition, but I have not nearar irivestigated this 
point, because I wished to measure the quantity of enzyme and 
this can only be done exactly, when the conversion produets can 
also be wen determined. With the amylo1ytie enzyme we meet with 
the difficulty, that we do not know whether this is really a simple 
co.nversion or a cOMoperation of more enzymes. Hence, I wish only 

1) Centrnlblntt für Bakter. u.larasitenk. Bd. X. 1891. p. 401. 
2) Zeitschr. f. pbysiol. Chemie. Bd. VI. 1882. p. 287. 

8) Journalof the Chém. Soc. LVII. 1890. p. 458. 

,). J ahrb. f. wiss. Bot. 31. 1898. p. 599. 

r.) Traité de Microbiologie U, 1899, pg. 84-88. 
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to observe, that a starch-saccharifying enzyme is secreted -when 
starch and dextrin are given as carbon food, but furthermol'e also 
with maltose, glucose, glycerin, lartic acid, malie acid, and acetic 
acid, only tbe amount of enzymc is hy 110 means always equally 
great. The sugar thereby resuJting, was identified hy the osazone 
in tbe case wbere the enzyme was produced in a glycerin-liquid j 
here, too, it was d-glucose. Presently it will be shown why this is 
of importance. ~ 

On the other hand, the inversion of cane-sugar or the hydrolysis 
of maltose can be very exactly determined. I therefore fixed my 
attention on these two conversions and in particular on the latter, 
beeause it was soon evident that invertase is seCl'eted in all~the 
examined cases, albeit not always in equally large quantities (i. e. 
when as carbon food were used eane-sugar, maltose, glucose, gly
cerin, lactic acid, malie acid, and acetic acid). Quite differënt is the 
case with the maltose enzyme, which I will give the name of 
maltog lucase. 

As is known~ an enzyme forming glucose, has been 11aIDed glukase 
by BEIJERINCK alld tbe German investigatoI's. If tbe view of 
CROFT HILL 1) that this conversion is areverse action proves to be 
right, this name already gives rise to confusion, still more, how
ever, if one and tbe same plant, as Monilia sitophila, secretes two 
enzymes, both forming glucose, one from dextrin (stareh), the other 
from maltose. The nomenclature of DUCL.A.UX and his school would 
be "maltase", but here we finil. the same difficulty, for starch is 
not always converted in tbe same way by different enzymes; would 
it then be correct to speak of amylase in every case? The confusion 
becomes still greater by the fact that maltase is quite another thing 
for DUCL.A.UX tban for BEI,TERINCK and WIJSM.A.N. In my opinion 
the problem is best solved by using a double name and thus to 
speak of maltoglucase. The same nomenclature can be used in all 
cases where the produrt of the conversion is weIl known and simpIe. 

Maltoglucase now (with a single exception of which presently 
more), is exclusively secreted at the nutrition of Monilia sitophila 
with certain carbohydrates, and th at in a very unequal degree. 
The following non-carbohydrates, when serving as carbon. food, 
gi ve no rise to the secretlon of tbe here meant enzyme: glycerin, 
erythrite, mannite, dulcite, isodulcite, sorbite, ethyl-acetate, acetic 
acid, lactic acid, malie acid, succinic acid, citric acid, glycocol, 

1) Journalof the Ohem. Soc. 1898, p. 634. 
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I:tsparagin and tyrosin. In this list we Bnd, amang others, 
glycerin; in this liquid, in which no maltoglucase is produced, the 
amylolytic enzyme is faund, ana. it is worth mentioning tbat it 
causes tbe production of glucose from the starcl1. This pl'oves that 
here DUCLAmr.'s 1) view is untenable, according to which in all 
cases, wh ere, by the action of enzymes glucose takes rise from starch, 
there would first be formed maltose, which then, by another enzyme 
would be converted into glucose. Nor is the opinion of BEIJERINCK 2) 

tenable in tbis case; his glucase would convert as wen maltose, 
as erythro- and malto-dextrin into glucose. Hence we must admit 
that here tbe conversion into glucose is eft'ected, eitber hy a 
single enzyme, or by two enzymes, one of which converts starch 
into dextrin and perhaps corresponds with one of the constituents 
of diastase (i. e. the dextrinase of W!JSMA.N 8), the otber hydrolysing 
dextrin into glucose. 

Neither does Monilia sitophila secrete malto-glucase at nutrition 
with tbe fallowing carbohydrates: arabin, l-arabinose, lactose and 
inulin (wh en Ammonium salts or nitrates serve as source of nitrol!en). 
Here it shouid be borne in mind that my meaning is of course: 
no measurabie quantities of maltoglucase. As the most accuraté 
measurements may be done by means of the polarimeter I have 
used this instrument and have then considered changes of rotation 
below 0.10° as to ]je within the limit of errors. OnIy arabinose 
lay about near this limit, but if this might point to the secretion 
of traces of enzyme, it could still be attributed to impurities. 'l'hat 
these can indeed be of influence, was for instance shown with 
lactose. Pure commercial milk-sugar gave rise to the secretion of 
smaU quantities of enzyme (when a 5 pCt. solution wa:s used the 
decrease in rotation was 0.36° in 3 days), but af ter I had purified 
it and then repeated the experiment na enzyme was secreted anymore. 

Large quantities of maltoglucase are secretpd, when the mould 
ean use, as source of carbon, first of all raffinose or maltose, further, 
commercial dextrin or starch. In less degree cellulose gives rise 
to the secretion of the enzyme; still less galactose, xylose, gIy
eogen, whilst last of all, come cane-sugar and d-fructose. WIth the 
last mentioned carbohydrates, peptone stands about on a level, whilst 
also in milk a slight quantity of enzyme is secl'eted; in this latter 

l)/I'l.'raité de Microbiologie. H. 1899, p. 471 vlg. 

2) CentralbI. f. Bakter. u. Parasitenk. 2e Abth. 1. 1895, p. 221. 

8) De diastase beschou,,"d als mengsel van maltase en dextrinase. Amsterdam 1889. 
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case the cause cannot be sought in the lactose or the fat, 80 that 
here, too, the proteids of the milk must cause the secretion of the 
maItoglucase. Would not the carhohydrate-rest, which probably 
occurs in the proteid molecule, explain this fact? 

It is in general the best-feeding carbohydrates, which cause the 
secretion of the greatest quantity of enzyme, but th is does not 
include that there should be a direct relation, as proved hy the 
following data: 

Carbon food. Relati.ve qunnhty of Qunntity of mould 

secreted enzyme. obtnined (dry matter). 

10 pCt. raffi.nose 1017 257 mGrs. 

5 ) dextrin 7.17 61 ) 

2,5 ) maltose 5.14 41 ) 

5 » galactose 0.68 12 :. 

5 ) glycogen 0.55 36 ) 

5 » cane-sugar 0.26 21 :. 

5 :. lactose 0 30 » 

5 ) peptone 0.50 124 :. 

Another question to be answered was, whether, at the nutrition 
with the same substance but in varying quantities, there exists a 
direct relation between the q uan tity of the food and that of the 
secreted maltoglucase. 

For the measurement of the relative quantity of enzyme, thera 
are two ways: one is to observe how m uch time is required to 
convert equal quantities of the substance ; the quantities of enzyme 
are then invelsely proportionate to those times. Or, the quantities 
of substance, converted in equal times, are determined; in the 
beginning of the reaction these quantities are proportionate to the 
quantitios of the enzyme. I have used the latter method aftel' first 
having convineed myself of its usefulness by some preliminary 
experiments. 
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The result of a series of expel'Jments, taken in pal'ticular with 
raffinose, but also with maltose, was that the quantity of secreted 
enzyme rJses with the amount of sugar given as food; so long as 
thB latter is still present in a slight quantity, both increase al most 
proportionately. But as the concentration of the solution becomes 
greater, the increase of the secreted enzyme is seen to diminish, 
until it r('aches a maximum, then to decrease at still higher 
concentration of food. This maximum lies for raffinose and maltose 
at a concentration of ab out 10 pCt. 

Very possibly the idea might arise that in these strong raffinose 
and maltose solutions, the quantity of secreted enzyme becomes 
smaller by the great osmotic pression of the solution; this is not 
however the cause. In order thereabout to get certainty, I have 
mixed the raffinose and maltose solutions with dilute glycerin of 
such a strength that all solutions of varying sugar amount were 
isotonic. Glycerin was taken, because, as sald above, it has 
no inflnence on the secretion of maltoglucase, neither does It act acceler
ating or retarding on the reaction of the enzyme, at least not in 
the used concentrations (as shown by other particular expelÏments). 
It was thus proved that under these conditions the quantity of secreted 
enzyme mounted hkewise with increasing concentration, about to 
the same maximum; only the proportionality at fee bIe concentrations 
was sometimes less striking than in absenlle of glycerin. 'l'his is 
probably a consequence of the more vigorous development of the 
mycelium of Momlia when, together wlth the slight amount of 
raffinose or mal tose, glycerin was also present, WhlCh fact was already 
briefly discussed above. J 

The question arises whether the different amounts of secreted 
enzyme, cannot be a consequence of the degree of development ofthe 
mould. For it nllght be thought that each ceU of the mycelium, so 
long as it lives, secretes a certain constant quantity of enzyme, hence, 
that the more vigorously the mycelium has developed, the more 
enzyme will be secl'eted. I have tried to answer thit:! question by 
also weighing in every case the crop of mould obtained (af ter drying). 
I wiU give one of the series of figures thus obtained. 

In column I is found the constitution of the nutl'ient liquid, in 
column H the erop of mycelium in mgrs., in column Hl the quautity 
of secreted enzyme, whilst column IV indicates the quantity of 
enzyme 'secleted on 100 mgJ's. of dry matter of the mycelium. 
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I. 11. IIl. IV. 

1. 0 pCt. raffinose 3.27 pOt. glycerin 25 0 0 

2. 0 » » 3.27 ~ » 21 0 0 

3. 0.16 > > 3.24 » l) 141 0.32 0.23 

4. 0.31 :. :. 3.22 :. » 116 0.24 0.21 

5. 0.62 :. :. 3.16 ) > 208 0.57 0.27 

6. 1.25 :. :. 3.06 » » 211 1.03 0.49 

7. 2.5 c 2.86 l) :. 230 1.77 0.77 

- 8. 5 :. :. 2.46 :. l) 257 3.16 1.23 

9. 10 l) » 1.63 » :\} 342 3.87 1.13 
-

10. 20 :. :. 0 » ) 528 3.74 0.71 

When considering only the figures of rows 3, 4: and 5 in column 
IV, they are rather alike, but further there hardly appears any 
relation between the development of the mycelium and the quantity 
of secreted enzyme. Though it will not be possible to make a pure 
comparison, as th en for the total weight of mould obtained allowance 
should be made for the portion present in thc air, the dead cells, 
etc., still rows 9 and 10 show that the mass of mycelium can 
increase considerably (and here in both cases all was nearly comple
tely immersed) whilst the quantities of secreted enzyme have remained 
rather unchanged. 

Whilst we saw already that the nature of the food is of great 
influence on the secreting or not secreting of maltoglucase, it is now 
evident that the quantity of the food offered, likewise exerts infl.uence 
on the quantity of secreted enzyme, in snch asense, that both 
increase conjointly, but that very great quantities of food act preju
dicially on the secretion of the enzyme. 

There is a certain disposition to admit that the secretioll of 
enzym es in general would be the consequence of the want of 
certain nutrients, and would indicate, as it were, a hungry condition 
of the cello The investigations here communicated do ll,Ot agree 
with tbis view; tbey contain a warning against too rashly drawing 
conclusions on this head. 
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Chemistrie. - Professor H. W. BAKHUIS ROOZEBOOM presents a 
communication from Dr. A. SMITS entitled : "Determination 
of the decrease of vapour-tension of a solution of Na Ol at 
higher temperatures." 

(Read January 26, 1901). 

Introduction. 
Continuing some earlier researchE's, 1) J have performed some 

measurements between 50° and 80° with regard to the decrease of 
vapour tension of Na Cl solutions. The appal'atus, which I used for 
that purpose waa a small BREMER oil-tensimeter 2). Tbe source of 
heat was an oil-bath, the temperature of which could be kept con
stant within 0 15° by_ means of a stirring apparatus and an elec
trieal regulator. The accuracy of the method applied did not appear 
to be greater than 1 m.m. of oil. This is the reason, why I could 
not continue the measurements below the concentration 0,1 gram 
molecule per 1000 grams of H20. The reslllts were as follows: 

Concentration Observed difference Difference 

in gram mols of Na Cl Temperature In m.m. of oll at tue ob- in m m. of 

per 1000 grams ofH2 O servation temperature H2 0 at 4°. 

52°.15 36.5 39 5 

54,0.0 40.0 35.6 

o 7414 60° .38 55.0 48.7 

68°.75 80.0 70.5 

70° 9 88 0 77.4 

56°.4 30.0 26.6 

64°.6 43.5 38 4 
0.4958 

74°.0 65.0 57 0 

77°.0 75.0 65.6 

54°.4 5 5 4 9 

63°.0 7.0 6.2 

0.0996 71°.0 10.0 8.8 

73° 0 11.0 9.7 

840 8 21.0 18.2 

1) Reïort Kon. Akad. v. Wet. 30 Sept. (1899) p. 160; 21 Jan. (1900) p. 471 i 
2L A~ri (1900) p. 714. 

2) ~ec. des Trav. Chim. des Pays-Bas 6, 126. 
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To express the observed difference of level of the oil at different 
temperatures in m.m. of H20 at 4°, the specific gravity of tbe olive 
oil was determined at various temperatures. 

By means of the figures occurring in the fourth column, the 
decrease in the vapour tension of the three different soIutions is shown 
at different temperatures in the following graphical representation. 
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\ 
Tempel"ature. 

The molecular decreases of the vapour tensions of the three 
solutions have been calculated for three temperatures: 56,4°, 64,6° 
and 74,0"'. 

The pressures of II were known for these temperatures; for I 
and IU they have been obtained by graphical interpolations. The 
value of I at 74° has been got by a small extrapolation which, on 
account of the regular course of the line, is sufficiently accurate. 
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Veerease in vapour Molecular decrease 
Concentration Temperaturc tension in m.m. in vapour t~nsion i 

H~O at 4°. Hg. at 0°. 

0.7414 74° 89.0 8.83 1.77 

0.4958 » 57.0 8.49 1.7 

0.0996 » 10.à 7.8 1.6 

0.7414 64. 60 59.0 5.85 1.77 

0.4958 » 38.4 5.66 1.7 

0.0996 » 6.5 4.8 1.5 

0.7414 56.40 39 8 3.95 1.75 

0.4958 » 26 6 3.92 1.7 

0.0996 » 5 3.4 1.5 

The value of i has been obtai~ed by dividing the experimentally 
found decrease in vapour tension by the calculateu decrease, wh en 
no electrolytic dissociation had taken place. This theoretical value 
was obtained by maant! of V.A..N 'T HOFF'S equation 

If we now take a solution, which contains 1 gram mol. per 1000 
grams of water and then ask what will be the decrease of the 
vapour tension of this solution at 74°, then the data are n = I, 
N = 55,6 and p = 276,6 (REGN.A..ULT) and consequently 

1 
6. P740 = 55,6 X 276,6 = 4,98. 

I 

For 646° we find , 
1 

6. p64,6 = 556 X 183,7 = 3,30 , 

1 
6. p = - X 125,65 = 2,26. 

56,4 55,6 
34 

Proceedings Royal Acad. Amsterdam. Vol. lIL 
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Review of the Results. 

Although better results are obtainable by using my micromano
meter and boiling apparatus, the above method is still- accurate 
enough to demonst~ate the course of the molecular decrease of vapour 
tension as a function of the concentration. It appears from the 
experiments, that the molecular decrease of vapour tensión does not 
show a minimum between 56° and 74°, but continually increases 
with the concentration. 

To pronounce on tbe strength of these results, that the minimum, 
wbicb bas been founel at 1000 by means of tbe boiling point mJlthod 
between tbe cOllcentrations 0,5 and 0,1 gram mol. per 1000 grams 
of H20, has already disappeared at 74° appears to me to be too 
sweeping. A repetition of these measurements by means _ of a more 
accurate method might enable us to answer tbis interesting question, 
but provisionally there is not much chance for thi~. The great 
difficulty is caused by the temperature. In order to proceed further, 
it would be required to keep the bath constant at each temperature 
within 0,05°; this has been unattainable as yet. It is perhaps 
possible to obtain a bath of a very constant tempera tu re by allowing 
some liquid or other to boil under a pressure, which is kept constant 
to 1 m.m. of H20 by the manostat 1) but in how far this method 
will be a practical one for my purpose remains to be seen. 

The state of affairs at the moment is as follows: 
1. It has been found by means of the micromanometer that at 

0°, between the concentratiollS 0.05 and 2 gram mol. per 1000 
grams of H20, the molecular decrease of vapour tension increases 
witb the concentration in tbe case of either elect~'olytes or non
electrolytes except with K NOs. 

2. An increase of the molecular decrease of va pour tension , w hen 
the concentration is increased bas also been observed with tbe oil
tensimeter from 56°_74° between tbe concentration 0.1 and 1 gram 
per 1000 grams of H20 in the case of Na Cl solutions. 

3. The same progressive change of the molecular increase of 
the boiling point has been observed with my boiling apparatus at 
100° for solutions of Na Ol and KOl between the concentrat.ions 
+ 0.3 and 1.0 gram mol. that is to say an increase of the molecuhlr 
increase of the boiling point with a rise of the concentration. 

Between the concentrations ,0.1 and 0.5 gram mol. at about 0.3 

1) Report Nov. 27 1897. 
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mol., a mInImUm of the moJecular increase of the boiling point 
was, however, observed with this methad and with this a minimum 
of i, which did Dot appear in tile sets of measurements 1 anel 2. 
It is very remarkahle, that ït was also found by the boiling point 
method, that so]utions cf K N Os of the concentration 0.05 to 1 
gram mol. make an exception to tbe general rule. 

It is stl'ange, that thif:l phenomenon has not yet been brought to 
light by the freezing point method . 

.Amsterdam, Chem. Lab. Uni vers. January 1901. 

Chemistry. - Professor H. W. BAKHUIS ROOZEBOOM presents a 
communication from Dr. A. SmTs entitled : "Same abservatians 
on the 1'esults obtained in the determination of the decrease 
in vapour tension and of the lowering of the fl'eezing point 
of solutions, which are not very àilute:" 

(Rend January 26, 1901). 

With the aid of the theory of the thermodynamic potential, "VAN 

LAAR 1) has calculated accurate formuJae for the decrease of the 
vapour tension, elevation of the boiling point and lowering of the 
freezing point. These formulae bave the advantage, that they may 
be applied to dilnte as weIl as to morc concenLrated solutions, which 
renders it possible to comparc gU!lntitatively the resuIts of investi
gations of solutions, which are not very dilnte, 

The fOlillula for the decrease of the vapour t€nsion is as follows: 

log!.2.... = f - log c • • • • • • • (1) 
P 

Po = vapour tension of the solvent 
p -" " "" solution 

. n 
c = eoncentratlon = -

N+n 
f is a guantity 'which = 0 for dilnte solutions. 

For the elevation of the boiling point we have the equation : 

R 7: 7:0 ti 7: = 7:-TO = -- (f - log c). • • • • • (2) _ W 

1) Zeitschr. Physik. Ohemie 15, S. 457 (1894). 

34* 
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't and TO are the absolute boiling points of solvent and solution. 

W = moleeular heat of evaporation of the solvent. 

R = gas-constant. 

For the lowering of the freezing point we have the analogous 
formula 

R -i' TO 
AT = TO-T = -s (f - log c) . • • • . (3) 

in which S means the moleeular heat of fusion of the solvent. 
As the values of f in the different formulae are only comparable 

at the same temperature, we can for instance calculate for the tem
perature 0° the relation, which must exist between the lowering of 
the freezing point and thc lowering of the vapour tension. 

or 

From (1) and (3) follows: 

Po AT S 
l09-=-· -. 

P TTO R 

Po S T O log - = A T -R ~. -. • • • • • • (4) 
p TO T 

In the ease that water is chosen as a solvent we have: 

S 1 18.016 
R T02 = 1.863 X 1000 

__ 1 __ 1 AT 
AT - +-;:0+ 

1---
TO 

The equation (4) therefore becomes: 

. . . . . 

.). • . • (5) 

If, however, wo negleet the powers higher than 2 th en 
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log Po = log _ Po = log __ l_ 
P Po-Ap 1-/::'P 

Po 

( AP) I Ap (AP) 2 

=-log 1-- =-+ ~ - . 
Po Po Po 

Consequent!y 

Ap + t(AP)2 = ~(1 + A'&) X 18.016. . . . (6) 
Po Po 1.863 '&0 1000 

If we now calculate b:.p from RA.OULT'S 1) determinations of the 
po , 

freezing point by means of equation (6), we obtain the following 
figures for cane-sugar. 

Cane-sugar. 

TABLE 1. 

Concentration 
AT AT ( AT) AP+~(APy Ap 

in gr. mol. per AT -- --1+- -
1,863 1,863 TO Po 2 Po Po 

1000 gl·. H20 

1.0107 2.0897 l.122 1.130 0.02036 0.02015 

0.5056 0.9892 0.5310 o 5329 0.009600 Q.009554 

0.2500 0.4806 0.2580 0.2585 0.004657 0.004646 

0.1250 0.2372 0.1273 0.1274 0.002295 0.002292 

0.0652 0.1230 0.06602 0.06605 0.001190 0.001189 

0.0285 0.0532 o 02856 0.02857 0.0005147 0.005147 

By muItiplying the figures in the last column by Po = 4,62, we 
obtain the decrease of the vapour ten sion corresponding to the 
lowering of the freezing point observed by RA.OULT. 

In ,order to be 'able to compare these figures with my latest results, 

1) Zeitschr. f. Physik. Chemie 27, S. USS (1898). 
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obtained with solutions of cane-sugar 1), I have calculated by inter
polation the decreases of the vapour tensions for the same concen
trations as used by RAOULT in his detcrminations. The result is 
as follows: 

TABLE TI. 

c . I. ÓP B óp 
oncentratlOn Illl m.m of g in m m~ of Hg Difi'erence % 

RAOULT. SMITS. 

1.0107 0.09289 0.09090 - 0.00199 - 2.1 

0.5056 o 04414 0.04446 + 0 00032 + 0 7 

0.2500 0.02146 0.02167 + 0.00021 + 0.9 

0.1250 o 01059 0.01072 + 0.00013 + 1.0 

0.0652 0.00549 0.00557 + 0.00008 + 1.~ 
0.0285 0.00238 0.00240 + 0 00002 + 0.8 

The agreement is, thel'efol'e, a very satisfactory one, tbe differenccs 
being within thc range of thc experimental errors. 

If we DOW calculute in a similar manner the decrease of the 
vapour tension from the Jowering of the freezing point of Na 01-
solutions observed by RAOULT and then compare these figures with 
those obtained by direót measurement, we find the following: 

Sodium chloride. 

TABLE lII. 

1.863 
I I . 

Concentration tJ.'1' ~(l+~) tJ.p + 2. (tJ.
p
)-

tJ.p 

Ó'1' 1.863 '1'0 Po 2 Po Po 

1.0000 3.4237 1.838 1.8610 0.03353 0.03297 

0.4887 1.6754 0.8993 0.9048 0.01630 0.01617 

0.2393 0.8211 0.4407 0.4420 0.007962 0.007930 

0.1179 0.4077 0.2188 0.2191 0.00394.7 0.003939 

0.05829 0.2073 0.1113 0.1114 0.002007 0.002005 

1) :Report KOIl. Akad. v. Wet. 30 Sept. 1899, p. 162. It is stated there that the 
, grentest coucelltrntion 1S 1.0811; thh should be 1.0089. 
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T .A.. B L E IV. 

t:J.p t:J.P 
Concentration in mmo of fiS' in mmo of Hg Dift'erence % 

RAOULT SlIHTS. -
1.0000 0.1623 0.1437 0.00860 - 5.6 

0.4887 0.07470 o 06937 0.00533 -7 -
0.2393 0.03664 0.03367 o 00297 -8 

o 1179 0.01820 0.01646 0.00174 - 9.5 

0.0582 0.00926 o 00800 0.00126 -13.6 

Here there is absolutely no question of agreement and at the 
same time we observe, that the difference continually increases with 
the dilution. 

Before proceeding furthel' I will just show, that if I had compared 
RAOULT'S results with mine by cHlculating the factor i, I really 
would have committed an error, although as we will see presently, 
this error is so small that it is' only revealed at the greatest con
centration. 

According to VAN 'rr HOFF, the fc:tctor i may be calculated from 
the decrease of the vapour tension and tbe lowering of the freezing 
point by means of the formulae: 

and 

. b.p N 
2d= -- • 

Po n 
. . . . • • (7) 

S N 
iv = b.'C-

R 
2' •••••• (8) 

7:0 n 
From this follows: 

b.p S 
-=b.-'--

2 
• 

Po R-.o 
. • (9) 

Tbis eq uation is perfectly true for exceedingly diluted solutions, 
but it na longer applies to solutions, wbich are not very much 
diluted. For these, VAN LAAR has fauna indeed the relation (4) 
instead of the equation (9): 

or 
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Pram this we see that fol' solutians, which are not very much 
diluted bath sides of the eguatian (9) are toa smaH. If the error 
were the same in both sides it wauld naturally be eliminated fram 
the difference of the equations (7) and (8), so th at a comparisan of 
the results (lf solutions, which are not very much diluted; might be 
arri ved at lIy applying the eg uationa (7) and (8). 

If the equations (7) and (8) were of universal application, then 
we ought to find for all oonce~trations 

aud because 

we should find 

ia= iv 

. (bP)!lN. Tu Zd+t - -=zv-
Po n 7: 

1 -- -=iv ......Q.~1 (
b P )2 N (7: ) • • • . • (10) 
Po.l n 7: 

This equation is no longer true fol' solutions which are not very 
muoh diluted, for in that case we find 

(
t.P )2 N . (7:0 ) i -- -,>zv --1 . . . • • . (11) 
Po n 7: 

For most of the solutions which bave been examined this difference 
is, however, so smal1, that it Dlay be neglectcd, but when the' greatest 
concentration 1 gram mol. per 1000 grams of water is reaohed it 
becomes distinctly perceptible. This is easily shown by the following 
table in which i has been calculated from the molecular lowering 
of the freeziug point, and from the molecular decrease of the vapour 
tension by dividing these hy 1.863, and 0.08316 ,respectively. 

Oane-suga1'. 
'r A B LEV. 

CO!1centration. IIDoJ. lo~ering !JE I mol. decl'ease ?f tlle I i-
(the frelMmg pOInt'l vapour tenSlOn. I JiAoULT I j Difference 

SMITS I in % 

1.0107 2.0676 
I 

0.08004 1.110 I 1.082 -2.5 

0.5056 1.9565 0.08761 1.050 1.057 +0.7 

0.2500 ].0224 0.08668 1.033 1.04.2 +09 

0.1250 1.8976 0.08576 1.020 1.031 +t 

0.0652 1.8860 0.08543 1.013 1.027 +1.4 

0,0284 1. 861i7 0.08421 1.004 1.013 ~O.9 
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Sodi~tm chloride. 

T A. B L E VI. 

mol. lowering of mol. decrease of ihe i Difference Ooncentration. thc freezing point. vapour tenaion. RAOULT! SMITS in % 

1.0000 3.4:237 I 0.1437 1.838 1.728 - 6.1 

0.4887 3.4:283 0.1419 1.840 1.707 -7 

0.2898 3.4313 0.1407 1.842 1.692 -8 

0.1179 3.4581 0.1396 1.856 1.679 - 9.5 

0.05829 3.5564 0.1372 1.909 1.650 -13.6 
. 

If we now compare the differences in the last column of these 
tables with those of the fifth column of tables II and IV, we see 
that on the whole they agree with each other; only at the greatest 
concentration the differences are 0.4 and 0.5 percent greater. ~'or 

this concentration the dispalÏty, as represl'nted byequation (11), is 
very perceptible. 

H, for instance, we calculate for the concentration 1.0107 gram 
mols. (TabIe V) 

1 (b. P )2 N . (TO ) - - - and Zv - - 1 
2 Po n 7: 

we find for the first quantity the vaIuA 0,013 and for the second 
0,008. If we now add to RAûULT'S i 0,008 and to my own 0,012, 
we naturally obtain again, just as in table lI, a difference of 2,1 
percent for this concentration. In the same manner the difference 
of 0,5 percent disappeare at the greatest concentration of Na Cl. 

The foregoing teaches us up to what concentration we can in 
this case make a comparisoD hy menne of i. We are therefore, 
obliged to stop at the concentl'ation 1 gram molecule. Up to 
the conceutration 1 gram mol. tbe values of i must agree within 
0,1-0,2 percent bJ' whatever method they have been obtained. In 
this we must, however, not forget th at the factor i is not to be 
considered as a dissociation factor, but as a quantity of which we 
do not as yet know the true significanee. 

I consider it an indisputable faat that i generally increases 
with the concentration in solutions which are not very dilute. 
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The determinations of the vapour tensions ,at 00 and between 
500 and 70° 1) and also the determinations of the boiling point 
(from the concentration ± 0,3 gram mol. up to higher concentrations) 
lead to this conc]usion. 

The faet that RAOULT, who continued his experiments up to the 
concentration 1 gram. moL, observed a fall of ~ with an increase 
of the concentration points to an error. RAOULT ought also to have 
observed a rÎf:,e of i with the concentration of 1118 stl'ongel' solutions. 

The possibility of all erlOr in RAOULT'S determinations is also 
corroberated by the latest communication from OHROUSTCHOFF 2) 
entit!ed "Recherches Oryoscopiques" w here the thermometer has 
been replaced by a thermo-element accurate to 0.0005°. In the case 
of Na Ol, he found between the CODeentrations 1/4 and 1/64 gram 
mol. a constant molecular 10 wering of the freezing point. In tho 
case of K Rr, he found botween tho concentratiolls 1/4 and 1/123 gram 
mol. an increase of the molecula1' lowel'ing of the freezing point 
with inc1'easing concentmtt'on. In the ease of K2 SO~ however, he 
noticed the reyerse challge bctween the concentratlOlls 1/4 and %4 

gram molecule. The fact that a small alteration in the method 
influences the results and even .dters the course proves that the 
freezing point method is attended by unknown sourees of error, in 
tbe Cflse of electrolytes at any rate. I consïder that CHROUSTCHOFF 
has made a great improvement by determining the concentration of 
the solution after the separation of iee. 

Finally there are also determïnutions of the freezing point where 
a minimum of i has been found; I obtained this also by means of 
the method of boiling in the case of solutions of Na Ol or KOL 
JONES, OHAMBERS and FRAZER 3) found minima for the solutions of 
the chlorides and bromides of Mg, Ca, Ba and further for Ou S04' 
Ha P04, HOI, OHs 000 Na, Od 12, Sr 12 and Zn 012 ; as a rule 
these minima lie below the concentration 0 5 mol. 

Finally I wish to express my hearty thanks to Mr. VAN LAAR 
for the assistance he has rendered. 

Amsterdam, Ohem. Lab. l1nivers. Jan. 1901. 

1) See preceding nlticJe. 

2) Oomptes RemIns CXXXI p. 883 (1901) 

3) Amer. Chem. Journal Vol. 23, p. 89 and 512 (1900,. 
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Physics. - »The equation of state and the theory of cyclic motion." 
By Prof. J. D. VAN DER WAALS. 

It may be taken for granted that in the deduction of the equa
tion of state the moleculps at all temperatures under all pressures 
are assumed to be invariable systems. As soon, therefore, as associa
tion to more complex systems takes place, at which even the number 
of atom systems (molecules) changes, this equation of state does not 
hold good. But even when the systems are subjected to a less 
radical change and e. g. the dimensions of the molecules in different 
circUlnstances cllange, a and b can no longer be thought constant. 
It is noteworthy that for the very firsL substance at which I tested 
my equation of state (002 according to the experiments of ANDREWS) 

a value of b was found increasing with the temperatul'e, and that 
thc only reason why I have not taken into account the variability, 
was that the dependence of b on the temperature is unknown. 

The very fact that the value of thE:' specific heat at constant 
volume for complex molecules does not at all square with that 
found for monatomic molecules, shows that besides molecular motion 
we shall also have to accept intern al motion (atomic motion). The 
fact that this atomic motion is more violent at higher values of T 
justifies the thought, that the molecules are rea11y larger at higher 
temperatures than at lower ones. The equation of state with constant 
value of a and b can therefore not hold good for substances with 
any but monatomic molecules. That it has been applied to sub stances 
with very complex molecules can be justified as an approximation 
only when we assume that the intern al forces which bind the atoms 
together, are so consideraLle that by approximation the expansion of 
the molecules may be neglected. Just as a liquid at a low temper
ature, so if it is subjected to a great il1ternal pressure, expands but 
little, we may expect the expansion of a molecule to be slight, as 
the molecule may be considered as an atomic system with a perhaps 
much higher il1ternal pressure. 

That WE:' shall have to cOl1sider the molecules themselves as 
variabie with pand Tand that there is therefore question of an 
equation of state of the molecule itself, I have already indicated in 
a commul1ication, il1serted in the Proceedings of the meeting of 
Oct. 29th 1898, p. 138, in the following words: "The equation (f) 
may be considered to contain the conditions for the stationary state 
of the moleèules."~ .And in the way indicated there, so by means 
of the virial-equation, I had since deduced ::tn equation of state 
for the molecule; but as mc111y questions which arise in the 
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course of the deduction, could not be decided with perfect-certainty, 
and as it was impossible to fix on any grounds except those of 
probability the relation which exists between the vis viva of the' 
atomic motion and that of thc molecular motion at different temper
atures, and in how far that relatioll can be variabie at "different 
degrees of density of tbe substance, I have cast about for other 
mea_ns to see in how far the form I am going to give woiild hold 
good at least as an approximation. First of all by a way whieh 
may be called chiefly thermodynamic, secondly by availing ourselves 
of the theory of the cyclic motion. 

From the equation of the virial we find 1. c. also for substances 
with complex molecules, the equation of state: 

whereas according to the method of deduction followed there, it is 
not necessary to assume the molecules to be spherical. Tt only 
appears that the value of b, being a multiple of the volume of the 
molecules which themselves are in motion, must be thought variabie. 

For the value of 'JOE ,'which m~y be determined by means of 
uV1' 

T (dP) -p, we find from: 
dt v 

RT 
p=--N 

v-b 

Even if we assume N as function of v to be known, this equation 
is not to be integrated, if we do not know in what way b is 
dependent, on v. But probably IJ will have the following shape: 

(dPv) (dPb) E-F(T) +Pv - T·- +Pb- T - • 
- dT v dT 
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If we namely imagine a substance with invariable molecules and 
a molecular pressure not dependent on T, we find: , \ 

/ 

E=F(T)+PvI 

in which Pv i~ sueh ~ function of v, that N = dPv 
dv 

If the molecular pressure should be a function of the temperature, 
we find, as according to thermodynamic mIes is always the case 

(
dPv) when the force depends on T, also the term - 11 dT' and there-

v 
fore: 

(
dPv) 

E=F(T)+Pv- T dT ,v' 

If the molecules should also be variabIe, and the atoms which 
attract each other at varying distances from each other, the whole 
energy will also vary with that which the atoms in the molecular
aggregate have with regard to each other. Take Pb as such a 

function of band T, that (~;) T' as will presently appear, is in 

close relation with the forces which keep the molecule together, then 
two new terms will be added to the value of E, at least if we 
think also these forces as variabie with T, and we shall find the 
form of E given above. 

If we de duce from this (dE) , we find: 
dv T 

N_T(dN) RT2 (db \ _ (dPv) -T d2Pv (dPb -T d2Pb)(~) • 
dT v+ (v-b)2 dT) T dIJ T dT dv + dbT d7 db dt· T 

Having chosen the quantity Pv in such a way, that N=(a;V)T 

(
dN) d2p' and therefore also T dT = T __ v , 

, v dTdv 
the above equation is sim-

plified to: 
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RT2 (db) ~ (dPb) d
2
Pb I (db') 

(v-b)2 dT v I db TT dT db! .dv T • • • (1) 

This equation gives the relation between the partial differential 
quotients of b with respect to v aud T, ::tnd it can be s!!,tisfied if 

we ,put b-bo = f ~ 11 1 b + R~' (, if namely the quanti~y a represe~ts 

(::)T' 
I 1 C i 

From b-bo = f I v-b t ET ~ :we de duce : 

and 

or 

or 

or 

(
db \ \ ,.. 1 G~) T] 1 , \ '1 i 
dV)T/

1
- f l(V-b)2+ Rl' j=f /-(v-b)2j 

(db) 1 _ (db) IC' (~~) bi 
dl' v (v-b)2 - dv TI RT2 - Rl' j 

If a = (d;b) T equation (1) is satisfied. 

80 the following formula may be a solution of (1): 

rRT 
b-bo= Rl' ' 

-+C t}-b 

b-bo = r
RT

::::: rEl' . (2) 
p+N+C (dPv) (dPb) 

p+ dv t db T 
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Equatjon (2) is drawn up from tbe virial-equation by supposing 
that at a given temperature the re]ation between the vis viva of 
the atomic motion and that of the molecular motion is indepenrlent 
of the degree of density of the substanice and may be represented 
for all temperatures by the constant value r. The quantity bo in 
equation (2) l'epresents the valuè of b, if T = 0 or at infinite 
pressure, and may be called the limiting volume of the molecule. 
It will 1hcrefore be in close relation with the volume of the atoms, 
of which the molecule is composed. 

I did not, ho wever, consider the way in which 1 had deduced 
(2) from the virial-equation, to be perfectly reliable, and specially 
the constancy of r seemed open to doubt. Tt is true that the result 
of the thermodynamic_ deduction shows, that the given form (2) 
is a prohable one, but it remains an open question whether other 
forms than the one given can also satisfy the partial differential 
equation (1) - leaving the qucstion whether the chosen form of 8 

is the most general, out of account. 
These considerations made me attempt to investigate what might 

be derived from the theory of cyclic motion for settling these guestions. 
Let us consider a gas at a given temperatul'e and in a given 

volume as a system which is in cyclic motion 1). 
If we take as first case the gas consisting of material points but 

always, also in the following cases, as a statistic gas, so that all 
vclocities occur equally at any time in any point in all directions. 

Let the slowly variabIe coordinate be the volume; for the fluction 
of the rapidly variabIe coordinate we choose the number of shocks, 
to which an arbitrarily plnced surface-unity, which we think impe
netrable to substance, is subjected in one sec. If we caU that number 
8, the velocity of the material points may be proportiouate to 8 
and to a linear dimension of the volume, and the total vis viva 
may therefore be represented by: 

We conclude also to this form, if we think, as CL! USIUS already 
did, that the particles describe closed orbits, the linear dimensions 
of which, with change or' volume, are proportionate to rr-~, alld if 

1) For the~.theory of the cyclic motioll see: H. VON HELMIfOLTZ, KRONECKER'S 

JournnI, Vol. 9ï, PIlges UI and 317.-L. BOLTZMANN, Vol. 98, pag. 68, 
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we think for the fluction of the rapidly 'Variabie coordinate a-quan
tity inversely proportionate to the time of revolution. The conception 
that 8 represents the number of shocks against a certain surface, 
has a closer analogy to the way in which MAXWELL applies the 
cyclic motioll to the behaviour of two currents. In this case s would 
represent the number of particles which has touched the surface 
counted from an initial moment or if we prefer, which has passed 
the surface. 

If from the given form of L, we derive the force which keeps 
the stationary system in the given volume, we find: 

or 

dL 2 1/ • 
P = - == - Av- s 82 

clv 3 

pv == 2fs L, 

the wellknown relation, which is generally given in the form: -

1 
pv=2-mn V2 

3 

If we take secondly the case that the partieles have a dimension 
which may not be neglected and at the same time that besides the 
pressure there are internal forces, the dimensions of the similar 
orbits han the ratio (v-bY/a and we have therefore the relation: 

and we find: 

(
dPb) dL . 

P + - = - == 2/3 A (v-b)-'/B S2 
dv dv 

or 

~P + (d:Vv
) ~ (v - b) = ! L. 

The case, that Pv is also a function of the temperature, can pro
perly speaking not be treated aecording to the theory of cyelic motion, 
at least not in so far as it has been developed as yet, but it could 
not lead to a different result. 

dL (dPv). For db we find - p + Tv ' whwh means that the molecules 
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have to exercise as great a force in the opposite direction as is 
exercised on them by the stationary system. 

If we now put the case that the molecules themselves form com
plrx systems, the first question which arises is, wh ether the motion 
of the atoms satisfies the condition wbieh must be put to a cyclic 
system. lf we think: that each of the atoms describes a closed orbit 
round the cent re of gravity, then we may consider the number of 
times th at the atom pasRes a certain point of its orbit again as 
fluction of a cyclic coordinate, and the distancc from the point chosen 
to the rentre of gravity as the E.lowly variabIe coordinate. Then 
the velocity might be put proportionate to the product of 'I' and 8; 
but the question remains uusettled whether the forces which keep 
the atoms together work in such a way, that the orbits with another 
value of l' and another of 8 may be considered as being similar. 
This difficulty has no weight fol' circular orbits. N evertheless, it 
seems advisable to me not to consider in the first place circular 
orbits, but rather radial ones. In order to ,be able to app]y the 
theory of the cyclic motion, we sha11 have to assume that the atoms 
move along their way with a constant velocity, and that at the 
end of their amplitude their motion is reversed by the collisions 
with other systems and by the force which compels them to form 
a system. If we take the distance counted from the centre of 
gravity and if '1'0 is the shortest distance to which they cau approach 
tbe centre of gl'avity, the velocity may be represented as propor
tionate to ('I'-1'O) 8, if 8 e. g represents the number of times that 
the atom reaches the end of its course in 1 sec. 

'1'be vis viva of tbis nrotion is then B ('1'_'1'0)2 SZ. 
Fo!' the case of diatomic molecules, we may therefore put: 

or 

J ust as for simple molecules wp find: 

J I 
I 

dL dPv 2 -J.'2 -=p+-=-A (v-b) 38 
dv dv 3 

(
dPv) 2 ~ '2 2 L p + - (v-b) = - A (v-b) 3 8 = - O' 
~ 3 3 

Proceedings Royal Acad. Amsterdam. Vol. Hl. 
35 
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Before deriving tbe equation for the stationary state of tne mole
cule, wc must first settIe the question, what the quantity b is accord
ing to this conception, and in what relation it is with ('1'1-'1'01) 

and ('1'2-'1'02). A spherical form for the complex molecule is now 
quite out of the question, even though the atoms should be sp~erical. 
The form is more like a cylinder, which has the dircctioll of motion 
as axis, and one half of which has a section equal t~, the middle 
section of the first atom aud the other half a section equal to that 
of the second atom. The molecule~gets its smallest length when the 
atollls touch, and the distance of their centres is equal to TOl + TU2 j 

its greatest length wh en the atoms are forced to rcverse their motions. 
Thc molecule has therefore a variabIe length and so also a variabIe 
volume. But there is question of a mean value of the volume_ 
and in the same way we may choose mean values for 'I' and '1'o, so 
that, if tne sections are SI and 82, the equation is: 

and 

If we now determine dL, and eaU the force which keeps the 
db 

dPb 
atoms together -, we find: 

db 

or 

dPb + ( + dPv)_ 2 I Ll drl L 2 dr2/ (3) - P - + - ... 
db dv I '1'1-1'01 db 1'2-7'02 db \ 

As we take the motions with a fixed centre of gravity as atomie 
motion, the following equations are of force: 
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SI drl S2 d1'2 _ S} drl + S2 dr2 _ db 

SI ('1'1-'1'01) - S2 h-roz) - SI ('1'1-'1'01) + Sz ('1'2-'1'02) - b-blJ • 

80 equation (3) furnishes 

• • . • (4) 

whieh equation assumes the form of (2), if we may put r RT for 
2 (Ll + L 2). 

80 we have still to deal with the same question, whieh we put 
above. But it was to be expeetcd that the theory of cyclie motions 
wDuld enable us to decide this question, as in many cases in these 
cyclie motions the vis viva had proved to be an integrating divisor 
of w!lat we have to consider as heat whieh is to be supplied. 

As the required heat will' have to serve 1 st to inerease the vis viva 
of the molecular motion, and 2nd to perform the work of the different 
forces ooth intcrnal and external we may put: 

\ dL ~dL dL drl + dL dr21 
dQ=dL+-do+db -+-- --( 

dv db drl db dr!!, db I 

or 

1 I 
2 -- 2 --

dQ=dL+-A(v-b) 3 s2 dv--A(v-b) 3 82 db+ 
3 3 

I 

35* 
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Let us write: 

1 2 
2 -- -

dLo = - A (v-b) S s2 d (v-b) + A (v-b) sds2 
3 

Now we may bl'ing dQ under the follawing farm: 

This form may be simplified if we take into eansideration that 
ril} (r}-rOl) = m~ (1'2-1'02) and ml L} = m2 L2' and that we may sub-

. db dr} dr'}, 
stItute -- for and --

b-bo rl--rOl 
We get then: 

If we caU La the vis viva af the molecular motion Lm, then 
Ll + L 2 is the vis viva of the atomie motion La i and we may 
alsa write: 

It is assumcd as being beyond doubt that Ltn is proportianate 

ta the absolute temperature, alld that thercfore ~~ is a total differ

ential. 

Now 
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The C'onJition that the second member is a total differentÎal is 

satisfied if we put La = constant = (11). 
Lm 

3 
As Lm = - RT, the entropy becomes: 

2 

\ ' 13 I 'fJ = R llo[l (v-b) T 1/. + log (b-bo)3 (3 T:- • 

For thc speeific heat at constant volume we find from: 

(
dYJ ) = Cv 
dT v T 

and for 

T(db) 
3 dT -

C = -ll(l +(1) +3(1 R v_ 00. 

v= 00 2 (b-bo) 

It is noteworthy, that we found for the molecular motion : 

whereas we find for the atomie motion : 

~ dPv dPb/ 

l
p + -+ -\ (b-bo) = 2 La. 

du db 

1) The eondl1ion that the seeond member is to be a total dlflerential, would a1so 
La 

be satisfied, if we cou1cl put Lm = cp [La (6- 60)2]. In 50 far, however, as I hllve been 

ahle to examine, no acceptable res"lts are to be dedueed from suc,h n sUPPOSltlOll. 

La 
The supposition that Lm is constant at all temperatUles and unuer :my pressure, is 

however still open to doubt, as long ns the impossibility of sueh a suppositiou bas 

not been proved. 
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That the factor of the vis vi v:t in the case of the atomié motion 
is three times as great as in the case of the molecular motion, is 
a cODsequence of the fltet, that the molecular lllotion takes place in 
all directions, whercas the atomie motion is thought as iJl only one 
direction, and at any rate shows but one direction for the~ motion 
of the two atoms at the same moment. Also if we had thought 
the motion of the atoms in circular orbits round the centre of gravity, 
we should have found the value 2 La for the product of the forces 
directed towards the centre and the space between the atoms. 

1 
It is now but natural to assume, that La = 3" Lm, and in this 

way to equate the product of the pressure and the space, which is 
assigned to the motion, for the two ('ase~. Then r = 1. And we 
come the more certainly to this conclusion if we pay attention to 
w hat follows. 

Let us imagine in the midst of partieles moving in all directions, 
a group which is forced in some way or other to move only in one 
direction, e. g. in the -vertical direction. Let this group be inclosed 
in a vertical cylinder with mathematic walls. This group could not 
resist the pressure which is exercised in a horizontal direction, so 
against the vertical walls - unless we think this group so thin, 
that the cylinder is but one molecule thick, in which ease the 
matter of the molecules resists those horizontal pressures. Then the 
motion has only to resist the pressure on the upper and lower 
surface, and the product of pressure and volume must be 2 La. 
If now -'this pressure is equal to the external pressure, ,brought 
a.bout by particles moving in all directions, then only the vis viva 
in vertical direction contributes to that extemal pressure, which is 
l/s of the total vis viva. 

By putting La = ~ Lm, we bring continuity between the vis 

viva according to the vertical diredion and sa the theorem that at 
given temperature the vis vi va of the particles is equally great, is 
extended also to those components of the vis viva, according to 
which motion is possible. And just as in co-existing gas- or liquid 
masses the great internal pressure to which the liquid is subjected, 
does not disturb the equality of the vis viva, and only influences 
the degree of density of the substancc, in the same way it is not 
to be expectcd that the perhaps much gl'eater internal forces which 
keep the atoms togethcr, influence the equality of thc components 
of the vis viva of the still possible motions, and wc havo to reg'ard 
as the on1y inflllence of these forces the determination of the dis-



- 550 -

( 527 ) 

tance of the atoms. We shall, ho wever. have to apply this with 
caution. We could easily think, tbat as two atoms move in the 
molecule, the ,ris viva of each molecule would be equal to ltB Lm. 
rrhis conclusion would be inaccurate were it only for tbe f,wt that the 
vis vi va of these two atoms is JlOt eq ual, but that we have tbe 
relation: 

We have to regard tbese two tttoms, for which the motion of 
the one is completely determincd by the motion of tbe other, as 
one, just as we do not take every half of a particle as a separate 
whole. 

If h· I f /ol' C - 3 1 IJ 3 fJR T diJ weputtlsvaueo IJ In ll=m-2"R C+/J )+ (b-b
o
)dl' 

we find: 

The unknown part wbich is to be added to 2 R, represents the 
increase of the potential energy of the atoms. At infinite rarefaction 
tbe equation of the equilibrium is simplified to: 

But as by the deduction ft'om the theory of the <'yclic motion tho 
case that Pb should be a functioll of the trmperature, is excludcd, 
wc find by differentiating logaritmically : -

) 
d2Pb 

db'}, 1 db 1 

dP6 
+ ---- dT=--P b-/lo 

db 

or 

) T:' T (~ 1 
dl'b + (b-bn) dT= 

db 
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Ol' 

d2Pö 

T db Tdb db"J 
=1-

b-60 dT dT dPb 

db 

'rhe supposition that the forc~ which attract the atoms towards 
the centre of gravity, are proportionate to the deviation from the 
shortest distance, would make Pb of the second degree in b-bo, and 

dPb 
so - of the first degrec, and it leads therefore to: 

db 

T db 1 
(b-bo)d1'=2 . 

With this value we find for H. diatomic molecule: 

] ,975 hl' 4,94 
As R, may be equated to m (m t e molecu ar wClght), Cv=--. 

Ut 

For Gp we Rna 31/ 2 R, and we get. thcrefore: 

C, 7 
P-k- -14 -- ---" Cn f> 

4,94 
]'or air Cp = 1,4 . -- = 0,24. Tho value found by REGNAULT 

28,8 

is 0,2377. But it is of course vory doubtful whethE'r the suppo
sition Pb = a (b-bo)2 is quite correct for all diatomic molecules. 

In a following petper we shall have to apply tho theory of the 
cyclic motion also to polyatomic molecules alld we shall have 
to examine what infiuence this value of b whirh is variabIe with 
the temperature and the 'pressure has on the equation of state. 
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Astronomy. - Report of the Committee for the organÎsation ot 
the' observations of the sol ar' eclipse on May 18th 1901 
drawn up by Dr. H. G. VAN DE SANDE BAKHUYZEN. 

At the meeting of May 27th 1899 the Academy appointed a corn
mittee to organise a Dutch oxpedition for the observation of the total 
solar eclipse on May 18th 1901, which will be visible almost exclu
sively in the Dutch-Indies. 

This eclipse is of extraordinary importance because of its long 
duration, (in the central line on the west co ast of Sumatra lt win 
last 61/ 2 min. and on the east coast of Borneo 51/ 2 min.), so that 
a great number of acêul'ate observations can be made. The photo
graphic plates will probably show indications of details, of which 
nothing or only vely little has becn seen at former eclipses Dwing' 
to the short time of exposure together with the failltness of the light. 

The organisation-committees in llolland and in tJee Dutch-Indies. 

The above mentioned committee appointed by the Academy, from 
some of its member,s and ather scientific men not belonging to the 
Academy, consisted of by Messrs. J. A. C. OUDEMANS, J. C. 
RAl'TEYN, W. H. JULIUS, E. F. VA,N DE SANDE BAKHUYZEN, J. P. 
VAN DER STOK, A. A. NYLAND, J. H. WILTERDINK and H. G. VAN 
DE SANDE BAKHUYZEN. It was very desirabIe howe.er to assure 
the co-operation of a committee in the Dutch lndies and in consequence 
of a correspondence with the Colonial Minister, the lndian Govern
ment asked the board of the "Natuurkundige Vereeniging in Neder
landsch-Indiè" to take upon them tbe preparations for the observa
tions. For this purpose the board appointed a committee fOl'med by 
its President, our corresponding member Major J. J. A. MULLER, 
R. E. of tbe Staff, chief of the triangulation in Sumatra, Dr. S. 
FIGl<JE, acting-director of the Royal magnetical and meteorological 
Observatory at Batavia alld A. C. ZEEMAN, lnspector ofthe Govern
mental,navy, and of the beacons, lighthouses and pilotage. 

The two committees, always working in collaboration, had a twofold 
purpose, first to prepare a Dutch expedition for the observation of 
the important phenomenon, secondly to gathcl' data in order to be 
able to givt' information to foreign astronomers who intendod to 
observe the eclipse in India. 

Financial support. 

A large sum of money was requil'ed ror the preparation and sell-
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ding out of an ccJipse party, not only for the instrurnents and for 
the voyage and thc rnaintenance of the observers, but also to enable 
some members of the expcdition to take part in the observations 
of the total eclipse of May 28th 1900, and to visit some foreign 
observatories in order to prepare themselvcs for the task -in India. 

A.lready before the committee had been appointed Mr. NYLAND by 
means of private contributions had collected a consideraJ.>le sum for 
this purpose. This sum, though large, was not sufficient and has 
afterwards been greatly augmented; in the first place by the resolution 
of the East-Indian Government, which, at the request of the 
"Koninklijke Natuurkundige Vereeniging in Nederl.-Indië", has allowed 
the yearly sum on the budget for scientific expeditions, to bo used 
for the Dutch eclipse-party and moreover by the sum wJlich his_ 
Excellency the Home-minister had placed at the disposal of the 
committee in 1900, and which, we expect, will be granted us again 
this year. 

The "Hollandsche Maatschappij der Wetenschappen te Haarlem", 
the "Provinciaal Utrechtsch Genootschap" and the "Koninklijke 
Natuurkundige Vereeniging te Batavia", have also sent us consider
able contributions} but we are especiall'y glad to record the fact that 
several private persons, besides those who at the beginning had pre
sented us with large gifts, were ready to give us financial support 
in the most liberal way. 

Another important contribution was received by the committee 
frorn the Indian Government, which put at the disposal of the "Ko
ninklijke Natuurkundige Vereeniging" at Batavia 30 copies of 27 maps 
of differents parts of Sumatra and Borneo. Lastly I have to express 
my indebtedness to the directors of the steam-navigation company 
"N ederIand", who allo wed a redllction in the fares for the members 
of the expedition and their luggage, and bas done much to render 
the transport of the instruments safer and more convenient. 

Wben it appeared th at the financial conditions would allow the 
Bending out of an expedition, OM of the chief requirements was to 
find competent persons to make the ohservations. The comrnittee 
was fortunate enough to find two of its members Mr. J. H. 
WILTERDINK, lecturer of astronomy and observer at Leyden and 
Professor A. A. NYLAND of Utrecht willing to take this task up on 
themselves, while Mr. J. J. A. MULLER in India was ready to officia te 
as chief of the expedition. Ris scientific abilities and his thorough 
acquaintance especially of the west part of Sumatra, of which tbe 
triangulation was made fol' the gTenter part under bis direction, ren-
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ders Mr. MULLER'S collaboration of great importance for the success 
of our expedition. 

When afterwards it appcared desirable for the spectroscopie and poIar
imetric work, that a physicist should go with the expedition, we were 
happy to find tbe member of our committce Prof. W. H JULIUS 
ready to join the party. Mr. MULL1<~R informed us that Captain 
W ACKER at Batavia who has taken part in the triangulation of 
Sumatrà and Dr. FIGEE, acting director and Dr. VAN BEMMELEN 
acting vice-director of tbe meteorologicar observatory will join the 
Dutch expedition whereby a valuable addition to the observing staft' 
is secured. 

In India moreover we hope to avail ourl:lelves of the assistance 
and collaboration of some officers of the general staff and of the 
officers and the men of a man of war, which probably, thanks to 
the kindness of the commander of- the navy, will lie dUl'ing tbe 
eclipse in the neighbourhood of the observing station chosen by the 
committee. 

Observations and instruments. 

The observa1ions' which the members of the expedition expect to 
make are: 

1. Photographs of the corona. 
2. Spectroscopie observations of tbe corona. 
3. Spectroscopie obseFations of the flash in the immediate neigh-

bourhood of the Bun. 
4. Determinations of the polarisation of t:levcral parts of tho corona. 
5. Determination of the heat radiation trom the corona. 
6. Determination of the brightness of the corona. 
7. Observation of the shadow-bands. 
8. Determination of the electrical condition of the air during the 

eclipse. 
9. Determination of the terrestrial magnetism., 

10. Observations of temperature, atmospheric pressure and force of 
the wind. 

For these observations the following instruments will be used. 

_1. Photog1'aplts of the C01·ona. 

As thc brightness of thc corona at different distanccs from the 
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sun's limb is very different, it is impossible to obtain in the ordinary 
way a photograph, on which all parts are equally visible. If the 
image of the corona near the sun's limb shows distinct peeuliarities, 
there will be no visible impresRion at a greater distanee from thc 
sun, and if those more distant portions are visible on the plate, the 
image of the inner part of the corona will show no detail at vall. 
For this reason it has been resolved to use a 'number of different 
photographic cameras : a. of great foeal length and aecordingly with 
a smaIl value of f la (f foeallength a=aperture) giving large images 
of smaIl intensity, and therefore suitable for the reproduction of the 
inner parts of the corona; b. of small foeal length and with a great 
value of {Ia giving small but very bright images, and showing 
the most remote parts of the corona; and finally c, a photographic 
telescope with an arrangement according to BURCKHALTER, where a 
specially sbaped screen rotates with great rapidity directly in front of 
the sensitive plate and so diminishes artificially the intensity of the 
light of the coronal portions llear the sun's limbo In this way 3 
distinct image of a very great part of thfl corona may be obtained. 

The photographic apparatus are then: 

1. A photographic object glaRs lent by the Observato1'y at Was
hington of about 12 m. in focal length and about 11 C. m. in aper
ture. The proportion {Ia is 1: 92, and the diameter of the image 
of the sun is about 0.5 e.m. 

By means of a light-tight tube of wood and cloth the object glass, 
firmly mounted on a pillal', is connerted with the plate-holder also 
in a fixecl position. A mir] or sends the sunlight through the object 
glass into this telescope. 

2. A photographic object glass of STEINHEIL, belonging to the 
Utrecht observatory, 3,45 m. in focal length and 27 e.m. in aperturej 
{Ia = 1: 12,8, giving an image of the sun of 3.2 e.m. 

For this object glass an iron tube is construeted, which is fastened 
to a parallactie mounting from the Leyden Observatory, which by 
means of a doek follows the diurnal motion of the sun. Three of the 
above mentioned revolving dises of BURCKHALTER have been constructed 
after the indications of Mr. NYLAND to be used in conjunction with 
this object glass (one for each plate), the axes passing through holes 
in the sensitive plates are rapidly 1'evol ving by means of a clock. 
Mr. NYLA..ND had also a simiJa1' revolving screen of BURCKHALTER 
made for the long telescope of 12 m. focal length. 

3. A photC'graphic object glass of DALLMEYER lent us by "TEYLER'S 
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GenDoltschap" 1.52 m. in focal length and 108 e.m. in apel'ture; 
t la = 1/14 with an image of the sun of 1.4 e.m. 

4. ~\ photographic double-lens of VOIGTLA.NDER und SOHN 0.87 
m. in foeal length and 10.8 e.m. in aperture ; fla = lIs giving an 
image of the sun of 8 m.m in diameter. 

5. A photographic double-lens of VOIGTLANDER 0.38 m. focal 
length and 10.8 e.m. apert ure ; tla = 1/35, diameter of sun's image 
3.5 m.m. For each of the three last object gJasses a teak-wooden 
tube has been constructed, carrying at its other end the wooden 
plate-holder. 

6. Au amateur-camera with the back-lens of a collinear object 
glass of VOIGTLA.NDER, 0.35 m. focal length and 35 m.m. aperture, 
which probably will be reduced by a'stop. The image of the sun 
is 3.3 m.m. in diameter. 

During the observations the four last photographic apparatus will 
be fastened to a square wooden case, provided at both ends with steel 
axes runnin~r on balI lJeal'ings, by which a very slJlooth motIon is 
obtained. At one end of the case a wooden sector of about 2.7 m. radius 
has been fixed perpendicularly, alld by means of a chord attached 
to the sector and clockwork, the case with tbe cameras rotates at 
the rate of the diurnal motion. If the axis of the case is adjusted 
in the direction of the polar axis and the cameras have once been 
pointed to the sun, they will lemain in that position. 

2 and 3. Spectroscopie observations. 

For th is purpoE:.e 4 spectrographs and one visual spectroscope 
will be used. 

One of these spectrographs is a prismatic-carnera of COOKE, con
sisting of an ordinary camera with an object-glass: COOKE'S triplet, 
achrornatJzed both for aetinic and visual rays, of 16,2 e.m. aperture 
and 2.60 rn. foeal length; in flOnt of the objeet-glass are plaeed 
two prisms with an angle of 45°, eovering the whole aperture of 
the object-glass. 

When this apparatus is directed towards the totally eclipsed SUil, 

we obtain on the sensitive plate a series of images of the corona 
and of the ring irnrnediately surrounding the bUU'S disc, of the different 
colours whieh eompo~e the light of the corona and of the ring. 

The dimensions and shapes of these different images, whirh pro
bably will be very numerous, will show distinetly where the sub-
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stances are situated, whose light forms thc pictures on the sensitive 
plate. Moreover it will be possible to determine the refrangihility 
of those different kinds of light from the positions of the images 
aIthough the accuracy of this determination will probably be less 
than that of the refraction·indices from the measurernenf of the 
spectra obtained by means of the slit-spectrographs . 

.Another spectroscopieinstrument is a slit-spectrograph, conl:ltructed 
hy Mr. TOEPFER at Potsdam aftel' the indications of Mr. WILTER
DINK in eonsuitation with professor SCHNEIDER of Potsdam. 

The lens projecting the image of the sun on the slit is a photo
graphic double-lens of VOIGTL.Ä.NDER of over 10 c,m. aperture and 
38 e.m. focal length; two photographic double-lenses of 36 m.m. 
aperture and 13 c m. focal length of ZEISS serve as collimator- and 
cameralenses. The dispersion is obtained with two large Rutherfurd 
prisms 60 X 35 m.m. from C. A. STEINREIL of Munich. _ 

We intend to use this spectrograph for the general corona spec
trum and for thc spectrum of the upper parts of the photosphere 
the so-called flash. 

By accurate measurements of this corona-spectrum the uncertainty 
still existing about the refrangibility of the corona light will prob
ably be removed. Moreover we hope to learn from its spectrum 
something more about the origin of the light of the flash. 

The hypothesis, developed by Prof. W. H. JULIUS in his in
teresting paper read at the meeting of our Academy of February 
24th 1900, that this light (flash) may be caused by an abnormal 
dlspersion of the ordinary sunlight, has received new support by 
the investigations of Prof. WOOD of WÜ:lcoDsin University. The 
determination of the l'efractive indices of the different lines in the 
spectrum of this light will probably prove to be an important con
tribution towards a judgment about this question. 

The flash appears immediately af ter the sE'cond contact and as 
the 1ayer which seuds the light to us is thin, it disappears on the 
central line within one or two seconds. In order to obtain a photo
graphic image of this spectrum, while the calculated moments ofits 
appearance can be several seconds in error, the sensitive plate will 
be exposed some time before totality begins, and will be slow1y 
moved by a clock, belonging to the Utrecht Observatory, until a 
few seconds aftel' the second contact. The plate will then show 
next to each other the ordinary spectrum of the sun and the 
spectrum of the flash with its bright lines. This juxtaposition of 
tbe two spectra has the advantage tbat the situation of tbe dark 
and the bright lines in the two can be easily compared. 
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Anotller slit-speetrograph, also made af ter Mr. WILTERDINK'S 
desigd by TOEPFER, has a greater dispersion than the foregoing. 

Tbe image of tbe sun is formed on the slit by a photographic 
doublet of 8 c.m. apel'ture and 61 c.m. focal length, while two 
photographic double-lenseb of 5.5 e.m. aperture and 42 c.m. focal 
length, like the first of VOIGTLA.NDER, served as collimator- and camera
lenses. The dispersion i., obtained hy three large Rutherfurd prisms 
made by STEIN:HEIL 60X55 m.m. We hope that it will be possible 
to determme with thlS spectrograph the- motion of the particles 
whieh make up the corona, by a comparison of tne spectra 
of the corona on both sides of the sun at the pI ace w here the 
greatest velocity of the particles in the direction towards and from 
the earth is to be expected. 

The spectrograph will be pointed so that the centre of the 
image of the sun falls on the midd1e of the illit, and as the 
length of the slit is much greater than tbe diameter of tbe sun's 
image, the spectra of tbe two parts of tbe corona situated on both 
sides of the sun will be obtained on the sensitive plate. 

In order to determine the mutual position of the corresponding 
lines in those two spectra, whJCh on the plate are at a rather large 
di::.tance from each other, a comparison spectrum of iron will be 
formed in the intermediate space by eJectric sparks between a pair 
of iron electrodes hefore the slit . 

.A. fourth spectrograph on fJUrpose to still better examine the 
bright line spectrum of the sun's limb, consists of a plane diffraction 
grating of ROWL.A.ND, 37X55 m. m., of 14438 lines to the înch; 
the object glass has an aperture of 62 m. m. and a focallength of 1 ID. 

This instrument is to be mounted near the limit of the zone of 
totality, because there the moon's limb at the end of tbe sun's 
diameter, perpendicular to the dirE'ction of the lunar motion, moves 
along the sun's limb so that the duration of the flash will be very 
much prolonged. 

Lastly visual observations will be made with a fifth apparatus, 
namely a slit-spectroscope witb great dispersion belonging to the 
Utrecht Observatory; the condenser is an object-glass of STEINHEIL 
of 10.8 c. m. aperture, and 0.864 m. focal length. 

All this spectroscopic appal'atub will be mounted in an approximately 
horizontal stationary position and the solar light will be reflected into 
the instruments by means of sil vered glass mirrors. .As the sun 
moves on during the observation, the mirrors should move so that 
during tbe totality the reflected rays keep a constant direction. 

With ROWL.A.ND'S diffraction grating this will be obtained by means 
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of a coelostat with a mirror of STEINHEIL of 108 cm. in diameter, 
belonging to the UtreC'ht Observatory; whiIe the prismatic camera, the 
two slit-spectrographs and the visual spectroscope \\ill be used with 
siderostats made by GAUTIER of Paris. 

These consist each of an axis, mounted in the direetion of the 
polar axis rotating by means of a dock In exactly 24 hours; to 
each of the ends of this axis a mirror is attached, and this being 
once adjusted so that it sends the light of a given point ofthe sun's 
limb in the direction of the pol~ axis towards one of tbe spectro
sC'opic apparatus, tbe direction of tbat reflected pencil will rem~lÏn 
unchanged. 

But it is tbe directioIl of this pencil onI)' whicb is btationary, 
and which forms a single image, the reflected images of all thé otber 
points will rotate very slowly round tbe image of that fixed point-:
This slight movement does not influence the spectroscopie observa
tions, but if the rcflected image were required for obtaining a 
picture of the corona, its distinctness would be lessened by the 
motion. 

If a stationary reflected image is desired, as for instance for 
photographmg tbe corona with tbe above meniioned horizontally 
mounted long telescope of 12 m. focal length, the reflection must be 
brought about in an other way. For this pUl'pose the coelostat óf 
LIPPMANN is very suitable; in this apparatus the mirror, parallel to 
the polar axis is attached to a metal aXIs aIso adjusted in the same 
direction and rotating Ollce in 48 houl's. According to Mr. WIL

nRDINIC'S indications GAU'l'IEI{ has in a simple mannel' attached 
such a coelo!:ltat io one of his siderostats, and its mirror reflects the 
sun's rays into the long telescope of 12 meter. 

4. Determination of the polarisation of tlte corona. 

Prof. JULIUS intends to make a number of polarimetric meas
urements in order to get to know, for as large a number as possible 
of weB detel'mined places on the corona, thc percentage of the 
polarised light. 

For reasons easily to be understood the use of a mirror had to be 
avoided; therefore a telescope of STEINHEIL-SCHRÖOER (belonging to 
the Leyden Obsel'vatory) equatorially mounted was arranged for these 
measurements. The object-glass has an aperture of 10.8 e.m. and a 
focal length of 275 c. m.; tbe diameter of the moon's image is therefore 
about 2.5 e.m. During the observation an assistant wiJl keep the 
central point of the moon's image in tbe optical axis of the telescope~ 
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by means of a finder and of a system of rods. Instead of the eye piece 
a modified polarimeter of OORNU, is attached to the end of the tube 
so that the diaphragm with a square hole, 1 m.m.2, (of which the 
polarimeter forms a double image) is situated in the foeal plane. 
The whole polarimeter has two motions, one radially on a slide, so 
th at the diaphragm may come at any desired clistance from the axis 
of the telescope and secondly a rotatory motion round the optical 
axis of the telescope. Tbe distances radial and angular of each 
chosen point of the corona can thus be read. 

In order to be able to choose those pI aces of th€' corona most fit 
for measurements of polarisation, the following arrangement is made: 
by a quick movement the small diaphragrn will be easily removed, 
and a glassplate put in its place on which an etched square of 
1 m. m2• indicates exactly the spot, which afterwards will be taken 
up again by the hole in the diaphragm. If the pI ace is chosen, an 
assistant reads the distance and position angle and the analyser is 
moved sa that both images WIn have equal brightness. From the 
position of the analyser the quantity of polarised light may be derived. 

Thc polarimeter with its accessories has been made in the physical 
laboratory at Utrecht. 

Prelimmary experiments, made by means of an artJficial corona, 
showed that it will be pos&lble under favourable eircumstances to 
obtain in 6 minutes for at least 12 places of the corona trustworthy 
vaJues for the ratio of polarised light. 

5. Determination of the 'i'adiation from heat of the corona. 

The investigation of the heat radiation from the corona, is a1so very 
important for the explanation of this phenornenon, tbe more so as 
a great uncertainty still exists, not only about tbe distribution of 
this radiation over tbc spectrum, but also about the question as to the 
order of magnitude of the total radiation, as appears from the con
tradictory results obtained on one hand by ABB01'T, on thc other 
hy DESLA.NDRES during the eclipse of May 28, 1900 and later. 
Prof. JULlUS thought it therefore best to try in the fir8t place to 
express thc amount of radiation of heat from the whole corona in 
absolute measure, by comparing it directly with the am ou nt of the 
radiation from the uneclipsed sun, the sun's constant. 

For the determillation at the eclipse station of the latter radiation 
a pyrheliometer of KNUT ANGSTRÖM of Upsala will be used. Prof . 
.ANGSTRÖM has been so kind to test himself the instrument destined 
for the expedition and to indicate same of its constants. 

36 
proceedings Royal Acad. Amsterdam. Vol. III 
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The pyrheliometer however is not constructed for ver_y weak 
radiation, and cannot be used for it. Therefore Mr. JULIUS bas 
made a vel'y sensitive thermopile, whieb in connection with a resist
anee-box purposely made for it and a galvanometer of nu BOlS 

and RUBENS, will enable him to eompare amounts of heat-radiation 
in all ratio's from 1 to 100000. 

Tbe thermopile is exposed directly to the radiation without mirrors 
or lenses, and eacb time tbe resistance is so adjusted that the 
gal vanom~ter gi ves tl'ustworthy indications. When disturbing infl.uences 
are eliminated, we may accept without restriction that, when thc 
amount of tbe radiation is very smalI, thc ellrrent is proportional to 
the absorbed heat. 

For strong radiations we can examine by means of the pyrhelio. 
meter, in bow fdr the proportion still remaills. As the differenee in 
temperatul'e bet ween j he junetul'es of the thermopilê, _ when it is 
exposed to the sun's radiation in tbe tropies, will probably not exeeed 
30° C. it is to be expected that tbe deviation from the law of propor· 
tionality will not be very large; at any rate it can be accounted 
fol'. The plan of observation is to repeatedly measure tbe beat 
radiation during the wbole time of tbe eclipse, from before the first 
till aftel' lbe fourth contact, at weIl determined moments wbicb comes 
to us from the sun and its immediate surroundings. The apparatus in 
w hich tbe tbermopile is mounted, has been so arranged that tbe radia
tion is received only from a circular porti on of the sky 3° in diameter. 

As long as the radiation of the disappearing or the reappearing 
disc of the sun is strong enough, observations will also be simulta
neously made with the pyrheliometer for testing purposes ; it is expected 
tbat the thermopile will be able to give indications of tbe radiation 
during the wbole eclipse. During tbe totality tbe apparatus is 
alternately pointed to the corona and to neigbbouring plaees of tbe 
sky outside tbe corona; from tbe variations of tbe galvanometer 
readings, the amount of the corona radiation will be derived, as a 
suitable zero cannot be obtained by covering the opening with a 
screen. 

A description of the arrangement of the tbermopile and of tbe 
elaborate pl'ecautions taken to eliminate all disturbing infl.uences, 
which cause difl'erence of temperature between the junctures, will 
be given later. Here I record only tbat in October 1900 on 
the same day the radiation of the sun and that of the fuU moon 
was measured with a provisionarily constructed thermopile and 
galvanometer, both of which were much less sensitive than the 
instruments to be used for the eclipse. The radiation of the moon 
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faUing through a diaphragm (opening 5.5 m.m. in diameter) gave 
then a deviation of 4.5 divisions, with an error of about 0,5, the 
proportion of that radiation to the radiatioll of the sun at noon 
was found to be 1 : 80000. With the new instruments at least 
1/20 of the amount of the Dloon's radiation will be suffi.cient to make 
the galvanometer show measurable deviations. 

6. Determination of the ligh~·intensity of the corona. 

It will be possible to derive the relatiV'e photographie brigbtnes8 
of the different parts of the corona from the photograpbs made. 
But there will be made also observatioDs of the tota} visual intemiity 
of its light, by means of a photometer of WEBER (eomparison with 
a benzine fIame at a variabIe distance) belonging .to the meteorolo-
gieal Observatory at Batavia. -

7. Obsel'vation of the shadow:bands. 

The direction and the velocity of these sbadow~bands during the 
eelipse wiJl be determined by observing their motion aeross horizontal 
and vertieal screens suitably plaeed. 

8. Determination of tke atmosplzel'ic elect1'icity. 

A.n electrometer of tbe meteorologieal Observatory at Batavia will 
register the atmospherie electrieity, first on the ordinary rotating 
cylinder, and then during a period of 6 hours (from 3 hours before 
till 3 houl's af ter totality) on a cylinder of which the periorl of 
rotittion is only 1/4 of the former, sa that it will be possible to 
determine the variations during the eclipse with grenter accuracy, 
and to investigate whether the electl'ic potential decl'cflses during 
the totality. 

9. Tel'l'est1'ial magnetism. 

The observations of the three elements of terrestrial magnetism will 
be made at Buitenzorg or Batavia. At Padang the dcclination and 
horizontal intensity will be measured by a self-registering ESCHEN

H.A~GEN'S intensity~variometer and other variation-instruments, to be 
provided by the observatory at Batavia. 
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10. DeterminaUons of temperature, atmospneric pl'essu'I·e 

and f01'ce of the wind. 

Tbe temperature will be determinerl by AHSMANN'S nspiration 
thermometers of the Obsel'vatory at Batavia, and further by. means 
of a thermograph (large pattern) of RWHARD. 

The atmospheric preseure will be determineil by ordinary baro
meters and further by a barograph (large pattern) of RICHARD. 

The pressure of one millimeter rrîercury is represented on tbe scale 
by 3 millimeters. 

The direction and force of the wind will also be determined in order 
to know jwhether at th}s eclipse, as in former cases, a sudden eelipse
wind will be observed. 

Selection of the observing station. 

Fol' al most all the observations it is necessary that the observillg 
station should be in the neighboul'hood of the central line, because 
there the totality lasts longest and the sun is covered by the moon 
symmctrically to thp dirE'ction of its axis. 'l'his central line runs 
from about west to cast a few degrees south of the equator. In our 
East-Indian colonies it passes over Sumatra, a littJe south of 
Padang, over Borneo south of Pontianak, and then over Celebes south 
of tbe gulf of 'l'omini, over Roeroe anel Ceram and over New Guinca. 
On the central line the duratioll of the totality decreases from West 
to East, at the west coast of Sumatra it lasts 6 min. 30 sec., in 
New Guinea about 3 min. 30 sec. 

Besides the duration of the phenomenon the selection of the 
astronom ical site depends for a great part on the con venienco for 
the transport of the many heavy boxes with instrulll<:'nts, the state 
of t~e ground with a view to the mounting of the instrnments and 
on the possibility of getting assistance in the transport and the 
preparatory work. The examination of these circumstances and the 
advice to be given aecordingly, had to be left to thc care of thc 
lndian committee. 

Fol' the determination of tbe weather to be experterl, the meteoro
logical Observatory at Batavia could disposc of rain-obser\'ations over 
a long period in a great number of places in (lUl' East-lndian 
colonies and further of geneml re('ords on the cloudiness in differents 
parts of the Indian A l't'hipelago. 
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But as it was important to know tbe cloudiness and the duration 
of the sunshine especially at different points on tbe lino of totality, 
the meteorological Observatory at Batavia bas in twelve pI aces orga
nised observations on tbe cloudiness and the sunsbine during tbe 
months April, May and J une 1900. 

The results of all tbe meteorological observations, which are im
portant for the selection of the observiug station, bave been recorued 
by Mr. J. J. A. MULLER and Dr. S. FIGEE in a paper "Informa
tion for observing parties and climatological conditions along the 
track of tbe moon's shadow", in which also information is given 
about tbe character of the different regions, tbe means of transport, 
residence etc., wbich will have special interest for foreign astrono
mers, who will go out to observe tbe eclipse. 

Tbe meteorological ëondition near the equator is on tbe whole not 
very favourable; at the several meteorQlogical observing stations hardly 
any day in May 1900 was perfectly cloudiess. But then tbe clonds 
do not cover tbe whole sky, and in tbe cloudless parts the air is 
clear and very transparent. 

Tbe number of days on which at noon (the moment ofthe eclipse), 
tbe sun was visible near the central line in Sumatra and Borneo, in 
May 1900 varies from 10 to 30; in most pI aces the number is more 
than twentyj but it is not allo wed to derive general conclusions from 
these numbers as tbey l'epresent tbe results of one month only. 

The difference between the meteorological conditions in May 1900 
at the different stations was not large, ('xcept in a single case. 

Perhaps in the interior of Borneo the probabiJity of bright 
weatber is a little greater than in Sumatra, but in Borneo tbe trans
port and the mounting of the iustruments would give more difficulties. 

In order to obtain as much certainty as possible for their report 
about thc most suitable observing station, Messrs. J. J. A. MULLER 
and S. FWEE visited many places in Sumatra from 16th September 
to 1 st October 1900. As the result of their considerations they 
have recommended to us fol' our observing station a place in the 
neighbourhood of P A.IN AN, on the West-coast of Sumatra, south of 
Padang; and for the present this point has been chof:>en as the 
station of the expedition. 

It offers the advantage of being in the neighbourhood of Padang, 
thc seat of the government of the West-coast of Sumatra and the 
residence of the director of the railway in Sumatra and of the work
shops belonging to it, of which mueh use can be derived for the 
arrangements of the observing camp. 
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Information f01' tlte observers of tlte eclipse. 

As I have mentioned already, one of the purposes of our com
mittee was to give information to persons who wanted to observe 
the eclipse in India, in the first place to foreign astronomers. And 
it is especially fol' them that Messl's. MULLER and FraEE have published 
the above mentioned "Informations etc.", which bave been sent by them 
and by the Dutch committee to those societies and astronomers 
who were thought to have an interest in them. 

As I have mentioned we have received from the "Koninklijke 
Natuurkundige Vereeniging" at Batavia 30 copies of 27 maps chie.fly 
of different parts of Sumatra and Borneo, put at their disposal by 
the Indian government. 

We have distributed a great number of those maps among the 
astronomers who intend to observe the eclipse, so that they will be 
able to find their way In the stations they have selected. When 
these astronomel'S app]y to the looal authorities 011 their arrival in 
India, they will there obtain any assistance and information they 
require. 

The following foreign expeditJOns, as far as we know, will go to 
the Dutch Indies : 

1. Mr. NEW..A.LL from Cambridge and Mr. DYSON from Greenwich. 

2. Mr. LOCKYER from London. 

3. Oount DE LA. BA.UlIE PLUVINEL from Paris. 

4. A Ruósian expedition. 

5. Prof. BA.RNARD from Yerkes Observatory near Chicago. 

6. Prof SKINNER from the U. S. Naval Observatory in Washington. 

7. Prof. JEWELL from the John Hopkins University. 

8. Prof. BURCKH.A.LTER from California. 

9. Prof. PERRINE with same assistants from Lick-Observatory. 

10. Au expedition from the technological Institute of Boston. 

11. Mr. TODD from Amherst Observatory. 

Probably still other English observers will join these. 
Besides the information mentioned, especially for the use of astro

nomel's, sorne members of the committee have given a list of 
instructions for eclipse work for amateurs not providod with great 
astronomical illstruments. These instructions were sent to Inrlia 
some time ago. 
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At th/' end of this report the committee would like to express 
their indebtedness to all who have helped them in thair task and 
have enabled them to send out the expedition. 

To Ris Excellency the Home minister, the "Hollandsche Maat
schappij der Wetenschappen" , the u Provinciaal Utrechtsch Genoot
schap", the "Koninklijke Natuul'ku-ndige Vereeniging71 at Batavia, and 
especially ta the various persons who have given financial support. 

To Bis Excellency the Colonial Minister, who has supported our 
requests to the lndian government; to the-rndian government itself 
who not on1y gave us a considerable contributioll, but who a]so 
enabled Messl's. MULLER and FIGEE to make the above-mentioned 
expedition In September 1900, and allowed them and other Officers 
of the General Staff and of the Observatory at Batavia to join the 
expedition, and who in May will send a man of war to Padang, 
of which the officers and men will assist in the obse1'vation of the 
eclipse. Our last but not our least thanks is due to the East·lndian 
eclipse committee, who bave taken every pain and trouble to prepare 
things in sueh an excellent way in India. 

Af ter this r.eport was written tidings are received that according 
to a 1'oya1 decree of February 16th 1901 N°. 33 Dr. W. H. JULIUS 

and Dr. A. A. NYLAND, professors at the University of Utrecht 
and Mr. J. H. WILTERDINK lecturer and observer at the U ni
versity of Leyden are charged to go to India with a view to the 
university interest, in order to observe the total eclipse on 18th 

May 1901. 
This new proof of the interest shown by Dur gove1'nment in 

this expedition is received with much thanks. 

(Jlarch 22, 1901). 
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KONINKLIJKE AKADEMIE VAN WETENSCHAPPEN 
TE AMSTERDAM. 

PROCEEDINGS OF THE MEEr~'ING 

of Saturday March 30, 1901. 

----·OC)O .... ----

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdecling van Zaterdag 30 Maart 1901, Dl. IX). 

CONTENTS: J. H. BONNEMA: "On the OCCUl'rence of remains of Lepel'ditia grImdis SCHRENCK 
sp. in the errntic bloeks of tht> GlOningen diluvium" (Communieated by PlOf. J. W. 
MOLL), p. 545. - Pl'of. J . .A.. C. OUDE MANS : "On the contents of the sixth and 
last pal't of the Repol t "Die Tliangulation von Java", p. 549 (with one plate). -
Dr. ERNST COllEN and E. H. BUCHNER: "ETARD'S law of solubility (Communicated 
by Pl'of. H. W. BAKHUIS ROOZEBOOM) p. 561. - Pl'of. J. C. KLUYVER: "On the 
expansion of a funetion in a selies of polynomials", p. 565. - Pl'of. J. D. VAN 
DER WAALS: "The equation of state and the theory of eyelie motion" 1I, p. 571. -
J. BRAND: "Rcseal'ches on the secl'etion nDd composition of hile in living men", 
(Communicated hy Prof. B. J. STOKVIS) p. 584. - Prof. M. W. BEIJERINCK: "On 
oligonitl'ophilous Bacteria" p 586. - Dr. C. H. WIND: "On the Ï1Tegulal'ities of the 
cadmium staDdald ceU", (CommuDicated by Prof. H. W .BA.KHUIS ROOZEBOOM) p. 595.
S. L. SCHOUTII:N: "A pure culture of Saprolegniaeeae", (CommllDicated by Prof. 
F . .A.. F. C. WENT) p. 601. 

The following papers were re ad : 

Geology. - J. H. BONNEl\f.A., at Leeuwarden: "On tI te CCCU1'l'enCe 

of remains of Leperditia grandis SCHRENCK sp. in the e1'ratic 
blocks of the Groningen diluvium." (Communicated by Prof. 

J. W. MOLL). 

(Read November 24, 1900). 

I 

1852. Oypridina grandis A.. SCHRENCK. Survey of the upper silurian 

shaft-system in Livonia, Esth- and Kurland. Dorp. Archi

ves, Series I, Vol. I, p. 58. 
37 

Proceedings Royal Acad. Amsterdam. Vol. HL 
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1858. Leperditia Baltica FR. YON SCHMIDT. Researches into the 
silurian formation of Esthland, N orth Li vonia and Oesel. 
Dorp. Archives, Series I, Vol. 2nd, p. 171 and 192 (ex 
parte). 

1858. Leperditia gigantea F. ROEMER. On a gigantic specjes of the 
genus Lepel'ditia. J ournal of the German Geological society 
Vol. 10t\ p. 356. 

1859. Leperditia grandis FR. VON SCH1IlIDT. Some communication~ 
on the geognostic conllition of the Is1e of Gothland. Dorp . 
.A.rob. Series I, Vol. 2nd, p. 455. 

1860. Leperditia gl'andis EICRWALD. Leth. ross. anc. per. page 1332, 
plate 51, fig. 9, a, b, c. 

1872. Leperditia gigantea J. BARRANDE. Supplement to Vol. I, on 
the silurian system of central Bohemia, page 535, plate 
34, fig. 4, 5, 6. 

1873. Lepe~'ditia gmndis FR. VON SCHMIDT. Miscellanea SJlurica I. 
On the Russian silurian Leperditiae, Academ. Memoirs 
St. Petershurg, Vol. XXI, No. 2, page 10, fig. 3,4,5, 6. 

1876. Lepel'ditia (Isockilina) gigantea F. ROEMER. Letb. pal. .A.tlas, 
plate 19, fig. 8. 

1879. Lepel'ditia gmndis KOLl\IODIN. Ostracoda ~ilurica Gotlandiae. 
Scientific .A.cad. tl'eatise. N°. 9, page 135. 

1881. Isocltilina grandis JONES. Same Cambrian and silurian Leper
ditiae and Primitiae. Ann. and Mag. Nat. Rist series 5t\ 

VoL 8th, page 347. 
1882. Lepe~'ditia grandis FR. v. SOHMIDT and JONES. On same 

silurian Lepel'ditiae, Ann. and Mag. Nat. Rist. serief:> 5th, 

Vol. gth, page 169. 
1882. Leperditia gmndis NÜTLING. The Cambric and silurian erratic 

blocks of East- and West-Prussia. Annals of the Prussian, 
geoI. government Institution, p. 295. (Preuss. geol. Lan
desanstalt.) 

1883. Lepel'ditia grandis FR. YON SCHMIDT. Miscellanea Silurica 
lIL Sequel to the Russian Silur. Leperditiao, Academ. 
Memairs. St. Petel'sburg-, series VII, Vol. XXXI, N°. 5, 
page 8. 

1884. Lepe1'ditia giganfea F. ROEMER. Leth. errat. page 84. 
1801. Leperditia gigantea Kn,AusE. Tile Ostl'acoda of tbo sil. dilu

vmn erratic blocks. Scientific supplement Prog-mm of tbc 
Luisenstädtischen Oberrealscltule at Bel'lin (a fil'st-class 
lIigh-l:!Uhool, a tOWlJ illstitutiou). 
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One of the most remarkable pbenomena, I observed, wh en study
ing thc sedimentary boul<lers of the Groningt>n Hondflrug, I consider 
to be, the repeated oceurrence of limestone, witb remains of Leper
ditia gral1dis SCHRENCK sp. For of this interesting Lep. species 
twenty-two, more or less intact valves, of different sizes, are kept 
in the Geol. Muse~lln of the Groningen University, among the col
lection: "GIOningen Erratic Bloch"; the specimens found still out-
numbering those of the collection. _ 

That large number is rather remarkable, C'onsidering that in the 
whole of Germany, only three specimens have been found, i. e. irt 
East Prussia, one at Lyck, and two in the neighbourhood of Konings
bergen. 

Up to now no statement has been made of a single specimen having 
been found in the whole stretch of land, between East Prllssia and 
Groningen. 

Leperditia gramlis SCHRENCK sp., can be easily recognised, bath 
for its dimension and for its morphological characteristics. As the 
name indicates, it may attain to an extraordinary size, for Leper
ditia. Sa e.g. tIle largest valve (a right one) that has been found at 
Groningen, has a hinge-line, 20 m.m. long, whereas the largest valve 
of the other Leperditia species, faund there, has a hinge-line of 15 m.m. 
rt is a l'ight valve of Leperdltia Baltica Ris sp. The eye-tubercles 
are very strongly developed. The ventral border is nearly straight, 
and grtv1ually sJopes up from the back to the front. The greatest 
thickness (di stance from one valve to the other) is found close to 
the ventl'al border and diminishes parallel with it. 

Both valves have behind thc eye-tllbercle a groovc (suleus), which 
from the central spot runs vertically up to the dorsal margin. 

At the anterior and posterior bordcrs bath val ves present a wide, 
depressed margin. 

The right val ve has a round opening in the places whcre those 
marginal rims end. 

The left valve behind the sulcus, which from thc central spot 
runs up to the dorsal margin, has bulged out iu growing, a thing 
which is most distinctly to bo seen in the oldest specimens. 

Only in the middle of the ventral border, thlS valve has a little 
devcloped illverted ventruI plate. 

'1' he species of stone, in which hy far most remains of these 
Leperditae have been found, may be casily recognised. 

It is a sart of close grained slivery limestolle, of a light grey, 
some times greenish colour. 

Through corroding, it turns more ycllowish grey. 
37* 
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Through it run, in crystalline calc. spars, petrified coral trees of 
the species called Laceripora Cribosa EWHW. 

In tbis stone-formation, besides Leperditia grandis SCHRENCK sp. 
and Laceripora cribrosa EICRW. sp.: Iliona prisca His, and Meres
tina didyma DaIm sp., have been found. 

The very nature of this species of stone, renders it, -as a rule, 
difficuIt, to get the specimens out undamaged. 

There is greater possibility of success, wh en tbey are embedded 
in layers of a softer substance,-wbich one now and then comes across. 
Much rarer than in the above mentioned slivery light grey limestone, 
remains of Leperditia grandis occur in fine-grained, more brownish 
limestolle, wbich also contains ('oral trees of Lacipora cribosa. 

Remains of Leperditia phaseolus Ris. sp. and of Proetus conspersus 
Ang. are also found in it. 

A.s to their age, bath sorts of limestone, must be ranked with 
the TI pper-Oesel Iayer and more especially, with the yellow zone of it. 

This sufficiently appears from the fossils, they contain. _ 
To conclude, there remains to be traced whether such like stone

formations are still known to exist as compact rocky masses. 
Limestone, with remains of Leperditia grandis, is found in a compact 

rockey mass, in Gothland and in OeseI. In the first mentioned island, 
near Ratthammersvik. According to VON SCHMIDT (Researches etc. 
page 171) it occurs in OeseI, in a quarry: not far from the "Ti('ko
Krug", near Hoheneichen and in another one near Lümmada, in 
a wood on the road to Arensburg. 

When travelling through those parts, which I had tbe honour of 
doing nnder the mentorship of VON SCHMIDT, I collected two pieces 
of limestone, which contain remains of Leperditia grandis accord
ing to the labels, named to me by VON SCHMIDT, tbe one comes 
from the quarry at Lümmada, the other from the one at Puzza. 
The latter find-place being na doubt the same, VON SCHl\'IIDT 1. c. 
states to be the one near the Ticko-Krug. The Groningen erratica 
differs from tbe piece found at Lümmada. 

Some light-grey, slivery pieces however, petrographically, perfectly 
resem bIe the stone-formation of Puzza. Still, they are not altogether 
alike, the valves of Leperditia grandis, which occur in the Groningen 
erratica, in size, remaining considerably below those found in the 
stone-formation of Pllzza. According to VON SCRMIDT, (Miscellanea 
Silurica III, page 9), the valves of Leperditia grandis in Gothland 
are, as a rule, smaller than those in Oesel; so in this respect the 
Groningen erratica which are the subject of this paper show resem
blance with the Katthammersvik stone-formation. 
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Whether they do so also petrographically, I cannot decide, having 
no specimens of thfl last mentioned place to compare them with. 80 I 
cannot ascertain wh ether, ond if so, where, limestone, with remains 
of Leperditia grandis, founcl in the Groningen diluvium, still exists 
in a compact rocky mass. -

Geodesy. - On the contents of the sixth and last part of the 

Report "die Triangulation van Java", lately presented to the 

Academy, in the name of the Netherlands Government, by 

Prof. J. A. C. OUDEM.A.NS. 

(Read February 23, 1900). 

As I had the honour to state at the meeting of J anuary 2, 1897, 
the fifth part of this Report contains the complete results of the 
trio.ngulation of Java, primary and secondary 1). It contains the 
length in metres and the nzimuths at bath ends of every si de of the 
triangles. Finally a table ex hibits the geodetic Jongitudes and 
Iatitudes of all the stations, as they were calculated, starting from 
the station Genoek in the Residency of Djepara, where the late 
Geographical Engineer SOETERS made an accurate astronomical 
determination of latitude and azimuth i the same table contains also 
the heights above the mean level of the sea, (see IV Abth., p. 206, 
line 4 from the bottom.) 

How these heights were obtained had hitherto not been explained; 
it is done in the now completed 6th part. 

I beg to communicate in a few words some particulars about 
these calculations. At auy station near the seaboard the height 
above the mean sea level can be measured directly, taking as far 
as possiblo the tides into account. This was done for 19 stations, 
8 primary and 11 secondary ones, and these were the starting points 
for obtaining the heights of the stations situated further inland, but 
for the last a knowledge of the refl'action is required. 

Owing to the diminutiou, of the density of the atmosphere with 
increasing elevation, a ray of light traversing it in a nearly 
horizontal direction is bent downwards. 

N ow if at one station be measured the zenith distance of 

1) Tbe primll.ry trÏtmgulation was all'eady tl'eated of in thc 4th part, but thc rcsults 
were reprinted 1ll tlte 5 th • 
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änother, whose distancc is known, the difference of height ruay be 
calelllated, provided the mean radius of eurvature of the ray of 
light bctwecn the two stations be known. If that radius be n times 

that of the earth's surfaee between the two stations, ~ is generally 
n 

called the eoefficient of terrestrial l'efraction, and its half, whieh is 
used in the calculation of the differonce of height, if the path of 
thc ray is supposed to be circular, will here be ealled the factor 
of refraction I). 

This factor may be fIJund, either, as B.A.UERNFEIND did in Bavaria, 
by measuring the zenith distanee of a distant station, whose height 
above tbe observing station has been aecurately determined hy spirit 
levelling' - or IJy measuring, at eaeh station, the zenith dist!!-pee 
of the other. Both these methods, especially the latter, have been 
repeatedly applied, but the resuIts were very discordant. Theoretically 
the factor is known to depend on the indications of barometer and 
thermometer, but still more, nay principally, on the law oCdiminu
tioo of the denslty of the air with increasing height. 

As this law was unknown fol' Ja va, and as the factor was sus
pected to be very variabIe, being dependent on the time of the day 
and on atmospheric conditions, tho dE'sign was long ago formed in 
the Geographical Service to make a special determination of this 
factor, by reciprocal and simultaneous observations of zenith distances 
at different hours of the day. This design has been cnrried out 
since 1 left Java, under the direction of the late engineers WOL
DRINGH and SOETERS. 

In 1876 Engineer WOLDRINGH made two determinations, assisted 
by At:lsistant J.A.CQUI'S OUDEM.A.NS. On one day the reciprocal zenith 
distances were simultaneously measured five times between the 
south end of the SUIlplak base and the sUUlmit of thE' Salak, and 
shortly afterwards three times bet ween the same base end and the 
station TJltjadas; the ddference of height bemg 2015 metres in the 
first, and only 44 metres in the last case. (The heights above sea 
level were: base end 195, Salak 2210, Tjitjadas 235 metres). The 
results were different, and in the last named determination there 
existed from half past se ven til! half past ten a. ru. a considerable 
dillllllution of the value of the factor of refraction. This led to the 
arrangement of systematic series of observations. A first series 

1) In Ollllk's Geouesy, the half of":', which we caU the factor, is called the coef· 
n 

ficient of refractlOn 
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Was observed between tbe stations Banjoepabit, Penocnggalan and 
Basé in Mirldle Java, by Mpssrs SOETERS, J.ACQUES OUDEM.ANS and 
DE VLETTER. U])happily the ouservations of the last named observer 
are lost; perhaps tbis is the reason) why the same observers per
formed new series bet ween three other summits in East Java, viz. 
in March and April 1878 between the stations Djoerangsapi, Poetri 
and Tanahwoelan, and in Nov€'mber of the same year between 
Petjaloengan, Poetri and Tl1.nahwoe]an. _ (The heigbts were: Djoe
rangsapi 230, Poetri 976, Tanahwoelan 761, Petjaloengan 534 metres). 

Between each pair of stations tbe zenith distances were repeaiedly 
measured strictly simultaneously, e. g. at 8 h. between tbc first and 
second, at 8 h. 20 m. bet ween tbe first and third, at 8 h. 40 m. 
between the second and third station, and sa on. The observations 
were commenced early in the morning and continued as long as 
rising clouds did not interfere. 

The general conclusion from these researches was, that the factor 
of refraction diminished from early in tbe morning till nOOD, at 
first rapidly, anel afterwards more slow1y; of course this is easily 
explained by the rising of the heated inferior layers of air. 

But a remal'kable result was, that each pair of stations gave a 
different value for the fActor of refraction; thus, while in Maroh 1877 
Penoenggalan and Banjoepahit gave for the mean 0,0547, (minimum 
at noon 0,0510,) thc mean result from Petjaloengan and Poetri 
was 0,0882, (max.imum at 8 h. 0,0973). 

Tt "as thought that these differences could be accounted for by 
deviations of the plumbline, caused by local attractions; for sueh 
attractions displace the zeniths and sa alter the zenith distances; 
but tbe attempt to explain the obscrved differences in this way, 
proved unsuocessful; at least it would have been necessary to assume 
very large deviatioDs of t11e plllmbline, different in sign, besides as 
has Leen already stated, in March and April of 1878 the observa
tions we re made at Tanahwoelan, Poetri and Djoel'angsapi, and in 
November of the &ame year at Tanahwoelan, Poetl'i and Pet ja
loengan i now the deviations of the plumblines at Tanahwoelan 
and Po(!tri, needed to render concordant the observations of March 
and April, did not agree, either in direction or magnitude, with 
those which would have harmonized the observations of November. 
Attempts to explain thc variations of the factor of refraction by 
the indications of barometer and thermometer, were equally un
successful and it seemed neccssal'y to conclude that the layers of 
air of equal density urc by no meana pa.rallel to the spherical or 
cUipsoiria\ surfltce of the earth, but that they follow the sinuosities 
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of the ground, so that every pair of mountaintops _or rather of 
stations has its own factor of refraction. 

As it was nevertheless desired to obtain a mean factor of refrac
tion, my ze alo us coadjutor, Coronel M. IJ. J. VAN ASPEREN, late 
of the R. D. N., who had executed most of these calculations, 
proposed to me to seled all the pairs of stations between which 
reciprocal zenith distances had been observed, whether simultaneously 
or not. In thia research East and West Java were kept separated, 
but tbey gave very nearly the same result, namely 0,068. In all 
there were 114 results, ranging from 0,0392 to 0,0879. 

These 114 values were then divided and ranged in 11 groups, 
in three different ways; 1 st. according to distances, varying from 
23,9 I to 6D,5 kilometres ; 2nd• according' to mean heights, ringing from 
123 to 2673 metres, and 3rd • according to zenith distances, taking for 
each pair of stations the arithmetical mean bet ween tbe smaller 
zenith distance and the supplement of the other. 

M y reason for arranging the resul ts according to dist.ances, was 
that in the triangulation of Hanover, GAUSS faund the factor of refraction 
to be dependent on the distance betweell the stations, the greater 
di stances giving a larger factor, but th is was easily explained by 
the fiatness of the country. 

Between two stations th at were not far apart, the ray of lig'ht almos t 
grazed the surface of the ground, and it is a known fact, that in 
this case, by the heating of the soil and the so caused diminutioll 
of density of the undermost layers of the air, the factor of refraction 
often diminishes, and not seldom becomes negative, in which caHe 
the convex instead of the concave side of the ray of light is _turned 
to the earth. Of course in Hanover great distances were only to 
be found between relatively high summits, and so the ray of light 
between such stations was of ten free from this infiut'nce. 

In Java no infiuence either of distance or of zenith distance on 
the refraction was remarked. As regards mean height, its increa8e 
was accompanied by a feebIe diminution of the factor of refraction, 
but not until the mean height amounted to 2000 metres. For this 
reason the theoretical diminution of the factor with increasing height 
has been ignored. 

As we now came to deduce the differences of heights from tbe 
zenith distances, and to calculate from these, in connection with the 
heights measured directly at the seaboards, the heights of the inland 
stations above sea level, it seemed proper to use the 114 cases, 
in which, as above stated, reciprocal zenith distanccs were observed, 
but not simultaneously; in such cases the difference of height may 
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be calculated by a known formula 1), not involving tbe factor of 
refraction. 

For calculating the remaining differences of height the value of 
the factor of refraction had to be taken into account. Fortunately 
its influence on tbe shorter sides of the secondary triangulation was 
always small i very of ten a method was used which had the advantage 
of diminishing considerably the influence of abnormal refraction, viz : 
measuring the zenith distance3 of both the stations from a third 
station simultaneously, or at le.1st the ODe immediately af ter the other. 

As the general rule was, to measure from every station zenlth 
distances of all the surrounding stations, there were many more 
gi ven quantities than wel e necessary to determine the heights of all the 
stations, primary as weIl as secondary j so the dJfferences of height 
had tû be deduced by the method of least squares i but as the 
stations were too numerous to be all jncluded in one solution, it 
was necessary to combine them in gl'OUps. The manner in which 
the division of the, work took place is clearly indicated by a map 
printed in colours, of which I give a pair of reprints to circulate 2). 
As already mentioned, the heights of all stations near the seaboard 
were measured directly, the heIghts of the other steltions being derived 
from these. The heights given in the Report are those of the tops 
of the triangulation pIllars, generally built up 1,1 metre above the 
ground, upon a foundation of one meter depth. 

In the deduction of tbe most probable values the weights of the 
measured dJfferences of height were taken into account i it was 
therefore necessary to distmguish between the three ways in which 
these differences had been found, viz. by measuring from one ofthe 
two stations concerned or from bath reciprocally, or from a third 
station. The report gives these particulars. In the primary work 
reciprocal zenith di stances were almost exclusi\Tely used. 

Af ter the heights of the primary stations had been fixed, the heights 
of the secondary stations were deduced, taking into account the 
weights of the several determinatioDs. 

The result of an elaborate examination was, that the average 
mean error of a deduced difference of height was about half a metre. 

I also computed the mean error (in seconds) of a single zenith 

1) Viz. the formula: ,,/_Tt=S(l+k'+lt)tg~ (z'-z). 
21l 

2) Plate III of tbe Report. As tbe stones, tbat blLve served for this plate, as also 
for tbe plates I and lI, have been ground out, it bas been impossible to join tbem 
to the printed abstract. 
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distance, such as had been used in determining the differences in 
hei~·ht. The result found wa,> + 9",6, whereas the mean error of 
the leciprocal simultaneous obse! vations was only ± 2'1,2. The inference 
is, that, if we wish to find the accurate difference in height between 
two stations, between which the ground is too hilIy for spil'it levelling, 
simttltaneous recipl'ocal zenith distances ought exclllsively to be taken. 

In Java the determination of the heights was of quite secondary 
interest, and the results (which were confil'meJ by further researches) 
werp sufficien~ for the purposes of the Survey; but at ot her times 
and in other regions th ere have been <'ases, where the difference of 
height was the chief aim, and this rule was not observed. 

In the operatIons executed in 1825, under tbe dll'ection of colone1 
CORABOEUF, for tbe geodetw determination of the differenee of 
height between the A tlantic and the Mediterranean, every care was 
bestowed on the triangulation of the summits of the Pyrenees; 
the zenith distances too were aften repeated, thl'ee or live series, 
each consisting of ten observations, being taken on each_ occasion; 
bnt the reciprocal zenith distances were not observed simu1ta.neously, 
though the double staff rendered it practicabIe. The result might 
have been more satisfactory, if this precaution had been taken, bût 
it must be allowed tllat at that time attention had not yet been 
drawn to the point. 

A snparate chapter of the Report is conf>ecrated to the dip of 
the horizon, observed at 53 stations. It soon appeared that these 
observations conld not compete with those already mentioned for 
determining the heights above mean sea level; they have accordingly 
not been used for this pur pose. 

But it was quite another thing, being given the al ready fixed 
heights of those 53 stations and the ouserved dips, to deduce a 
posteriori a formula by which the height above the sea might be 
calculated from the dip. 

This problem also initiated several inquiries. rrhe height is best 
calculated by a series containing the even powers of tg d. Now, 
in trying to determine, by the observed dips, the coefficient of tg'J d, 
(on which the 5 ~ times smaller one of tg4d depends), the computed 
heJghts of the low stations were generally too g'reat, aresult easily 
explained by the already mentioned inversion of the curvature of the 
ray of light near the level of the sea. Indeed, following a ray of 
light from the sea to a distant mountaintop anel supposing a point 
of inflexion to oCCUl near the sea level, then it is easy to see, that 
in determining the height of auy point on the ray by the dip, the 
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error made will be the same for all points on the ray. lndeed, as 
a diagram immediately shows, this error is equal to the linear quantity 
by which that, part of the ray of light, which is concave on the side 
turned to the earth, dips nnder thc level of the sea, if prolonged 
at the sea-end. 

By the method of least squares, it was easy to find this sa caUed 
cOllstant, as weIl as the coefficient of tg9- d, and th en ce the factor 
of refraction. 

The first step was to take thc arithmetical mean of all the dips 
observed at the same station; the second term, containing tg4d, proved 
smalt cnough to be neglected if the height did not exceed 2000 
me tres ; and so the problem was reducecl to tbe sol ving of 53 equa
tions with 2 unkno~vn quantities. The coefficient of tg2d being thus 
determined, the factor of refmction was calculated 1), and agreed 
almost perfectly WJth the value found before; finally the coefficient 
of tg1 d was deduced. The result was 

h = (6,56546) tg2d - (5,82716) tg4d - 2,475, 

h being' in metres, and the num bers in the brackets being logarithms 
of the actual coefficients. The value of the factor of refraction, 
deduced from the first coefficient, is 0,0692, whereas the reciprocal 
zenith di stances gave 0,068. Considering the diverging values that 
are found for this number, the agreement is more than sufficient. 

The same material, however, seemed to invite a more detailed 
inquiry. OfteD, at the same station, the dip has been observed at 
different hours of the day, and it seemed to be worth while to 
examina the changes of the factor of refraction during the hours 
of observation. The result is shown graphically on plate Il. At 11 
a. m. both methods give nearly thc same value, viz. 0,0680; before 
and af ter, the clips give a smaller value than the recJprocal zenith 
distances. 

rrhe same plate shows in a litHe map at the bottom, all the 
stations where the dip has been observed. They appeal' to be very 
regularly dlstributed along the south coast of Java and in the 
eastern part of the north oonst; we also see that the clips were 
observed in different azimuths. Now, as the radIUs of curvature 
of the earth, (or of the ooean), differs with the azimuth, it is 

I) Cnlling the coefficient of t!J2d a, the factor of refrnction k nnd the radius of the 
R II 

I:'nrth R, we have a = 2-4k' Ol/" = % - 4a • 
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necessary, if we wish to calculate with preC'ision, to take this into 
account and to reduce the observed di ps (for instance) to dips 
belonging to a mean radius of curvature. 

I was sorry not to be aule to take the tides into consideration, 
though they have been thoroughly investigated 1), for a great number 
of stations, by our honoured Correspondent Dr. J. P. "VAN DER STOK, 

who embodied his results in tide tables. But these tables commence 
with the year 1891, and it would have been a laborious operation 
to extend them to the period containing the observations (1865-
1880) and to deduce, hy the cotidal lines, (also drawn by the same 
author), the height of the bea at the moments of the observations. 

In most cases neither the azimuth was noted, nor the hour of 
the observation; and it was necessaly to make assumptions with 
regard to bath; as to the azimuth, the dip observation was supposed 
to be made in a direction perpendicular to the cpast line; as to 
the hour of observation, it was supposed that the horizontal ob ser
vations commenced at half past six, and that every observation, 
horizontal or vertical, occupied five minutes. This gave the time 
of the dip observation. 

This investigation led me to frame the following rules for future 
observations of dip. 

1. At every observation the apparent time is to be noted, as also 
the indications of barometer, thermometer and psychrometer. 

2. Repeating the obsel'vations on several days is recommended, 
in order to neutralize acridental deviations and to discover extra
ordinary pertul'bations. 

3. It is useful to take the measures in different azimuths, espe· 
cially, if possihle, in the meridian and in a direction perpendicular 
to the meridian, in order to examine whether the theoretically 
existing difference of the dips in these two directions, which may 
amount to one part in 150, or to 24" in a dip of one degree, is 
confirmed by experience. 

1) These researches have been published in fifteen papers, 13 of these in the /lT~d
schrift van het KoninkhJk Instituut van Ingenieurs, Afdeeling Ned. Indie, 1890-1896". 
The tltle of the first paper, translnted, is "The Ha.rmonic Annlysis of Tides, npplied 
to Observations made nt TJilatjap"; thnt of all the followmg: "Studies of the Tides 
in the Indian Archipelngo"; II nnd III contam theoretical matter, IV-XIII the 
results of the hnrmonic analysis, apphed to the indlCatlOns of thtl tide gauges 
established In difierent llllrts of the East-Jndinn Archipelago. XIV (Statistica) and 
XV (PredlCtions) have been published in the Journalof the Royal Physical Society 
of Batavia, Vol. LVI, 1896. 
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4. The stations are to be so chosen, that the height of the tide 
may be caleulated by the tide-tables. 

I have thought that a review of previous investigations of terrest
rial refraction, would not be unwelcome to those interested in the 
subject. It includea an account of the work of JEA.N DOMINIQUE CA.SSINI 
in 1661, CESAR FRANÇOIS CA.SSINI in 1742, TOBIA.S MA.YER in 1751, 
LA.MB1:::RT in 1759, BOUGUER in 1749, Roy and MUDGE from 1787 
to 1799, MÉCHA.IN and DELA.MBRE from 1792 to 1797, VON ZA.CH 
in 1795, WARREN in 1804, VON LINDENA.U in 1805, TRA.LLES in 
1806, GAUSS in 1823, WILHELM STRUVE in 1826-27, CORA.BOEUF 
in 1827, CA.CCIA.TORE in 1831, BESSEL in 1834, BA.EYER in 1835, 
SA.BLER and STRUVE in 1838, ATKINSON in 1825, DENZLER in 
1842, PILA.A.R in 1846. Then follows a deseription of the theories 
of LAPLA.CE, BA.EYER, BA.BINET, SA. WITSCH, BA.UERNFEIND, LINDHAGEN, 
HELMERT, JORDA.N and W A.LTER. The chapter closes by mentioning 
the value of the factor of refraetion whieh on my suggestion Coronel 
M. L. J. VAN ASPEREN has deduced from the observations of the 
Peruvian Committee for measuring a degree in Peru in 1735, and 
finally by summing up a number of papers on terrestrial refraction, 
published sinee 1850 in different periodicals. 

The second seetion of this sixth part contains the determinations 
of latitudes and differences of longitude, made for comparison with 
the results of the triangulation, with a view to detecting deviations 
of the plumbline by local attl'action. 

Determinations of latitude by cireummeridian zenith distances were 
made at 63 stations. For redueing these observations the knowledge 
of the deelinations of the stars employed was requisite; and though 
most of the stars were taken from the Nautieal Almanac, whose 
plare'3 for the northern stars rest almost exclusively on observations 
made at Greenwieh, it was thought desirabie to take into account 
same other determinations, espeeially as the deelinations of those 
southern stars which could not be obf>erved at Gl'e(luwich were very 
uncertain. 

For tbe determinations of azimuths made, (in absence of our Pole 
star), by KAISER'S methad, by measuring the differenee in azimuth 
bet ween stars in the east or we~t and same visible station, the 
precise knowledge of the dcelilMtions of the observed stars was 
also of much interest; sometimes stars were employcd for the 
azimuths which had also served for latitude, yet the choice of stars 
was guided hy different considerations in the two cases and stars 



- 581 -

r .. / I 
I 
I 

( 558 ) 

fit for the determination of latitude, were not always appropriate for 
that of the azimuth 1). 

The late Dr. N. ]\L KAIIf, whose catalogue of stars is weIl 
known, undertook, at my request, to furnish a list of the 
declinations of the stars employed; the numerous sta~ catalogues 
which he had to consult ueing forwarrled to him from the library 
of the Utrecht Observatory. He carried out th is task. very thoroughly, 
including corrections for the systernatir. differences of the catalogues. 
I must add, th at wlH'n KAl\{ -undel'took this work, it was not lmown 
that AUWERS, of Berlin, was about to undertake a similar one. 

Neither for the determination of the Jatitudes, nol' of the azirnuths, 
was it deemed necessary to subrnit the right aséensions to an 
equally se vel'O exarnination. In the deterrnination (lf latituge a 
small error in the R. A. was entil'ely e1iminated by tbe circum
meridian observations; in tbe àeterrninations of the azimuths, which 
were made for 20 stations, the influence of ~mch an error was al ways 
either 0, or sa smal1 that the Right Ascensions conld ho taken 
directly from the Nautical Almanac. 

That a careful determination of the decJinations was not without 
utility, may be shown by the following instances: the correction of 
the dec1ination of a Andl'ornedae in the Nautical Almanac for 1854 
was - 0",86, in that of '1871 + 0",03; that of the decIination of 
r Pegasi was + 0",7 in 1876, 78 and 79; that of IJ Leporis, from 

- 1871 to 1880, was nearly a second; th at of the declination of 
Sirius varied from + 1",30 to - 1",89, that of thc declinatioll of 
Procyon from - 0",55 to + 1",58, and so on. 

Dr. KAM also charg'ed hirnself with the derluciion of the definitive 

1) For the determination of a latitude genernlly stars were employed (commonly 
four on tbe north and four on tbe south,) tbat culminated at 20° or more from the 
zenitb; the rule was to cllOose them so that the sums of the zenith distnnces on the 
two sides of the zenith were nearly equal; whereus for the determination of an 
azimuth, the stars ought to be 50 chosen that at a low altitude their uzimuths clumged 
as little as possible. Therefore KAJSER, in his "Treatise on the IIstronomical deter
mination of geographical positions in tbe East lndian Archipelago" proposed to 
choose, for this pllrpose, stars, which, \havillg au altitude of from 10° to 30°, were 
either in the eust or in the wesl. 

Those stars were of course preferuble, that moved vCl'tically; (astronomically : whoóe 
parallactie al1g1e was 90° j) wlJÏch was ollly possible if thc strtr's soutIlern dec1i
nation exceeded the latitude of the station; but even if the star be not in thi5 most 
l'avoruble sitllation, still, provided it stalHls 110t higher than 30°, a possible uucel'
lainty of the time, as weIl as 01' thc latitude, !las only tl vel'y small influence on 
tbe azimuth. 
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latitudes anel azimuths, taking into account the flexure of the telescope1). 

All these determinations of latitude were made for the purpose 
of finding the differences between the astl'onomical and geodetic 
latitudes, olle to deviations of the direction of gravity from the 
normal to the adopted ellipsoidal surface, on which the whole 
networlc of triangles is supposed to be projectec1. In Gernlan these 
differences are called "Lothabweichu/1,qen"; I think an unequivocal 
Dutch expression would bt': "afwijking van het paslood" or "pas
loodafwijlcillg". Tt may arise either from thê stronger attraction of 
mountams or heavy undergTound masses, or from the feebIer attract
ion of less heavy mltsses on the opposite side. Which cause is the 
true one in any particular instance, may be decided with more or 
less probability by measuring the force of attl'action by pendulum 
experiments. 

The deviations are represented on plate IV 2) by arrows, directed 
to the north or to the south, accordillg' to the direction of the 
attraction. It must be kept in mind, that if, the arrow points to 
the' north, the astronomical observations indicate a greater (meridional) 
latitude then the geodetical ones. 

Though attJ'action by the mountainous country is ungeniahly 
indicated, the arrows on the south coast being all directed to the 
north, and thosc on the north coast almost all to the south, yet 
some decicled irregularities may be noticed. Though, for instance, 
seven E.tations, situated within or near to the Residency Ol Semarang, 
indicate all attl'action to thc south, we find at Genoek, near tbe 
north point of Djcpara, very little or 110 attraction, notwithstanding 
tbe vicinity of the mountain Moeria. Again, while several stations 
situaieo on the north coast, Anjer, Ged6, Batavia, Pakis, Indramajoe, 
Boetak (in the Resioency of Rembang), show an absence of attract
ion, whieh might have bee::l expected from their great distance 
from high mountains, the enOl'mous c1eviations, 37" in Poelo Tindjil 
and 26",5 in Pogor lI, both 110a1' the south coast, are very remnrkable. 
An explanation, bowever, of tbis phenomenon mny be found, not in 
the attraction of a high lllollntain on the llorth, but in tho lack of 

1) Dl'. h.AM exulllilleü 1115U, at my 1 C(!lLllsl, lhe uhal1ges that won1d resull in thebe 
latitndes, (A,) if the Jle'{1Il'e of the t!'lcsl!ope W,I, 110t calculated for ellch nj"ht sepa
rntely, hut ils mmm value for the II'hole periorl \inS employe(l; (B,) if th~ flexllre 
\vas siulply )l1lt = 0, 50 llmt the tlrithltlCltical llleun of all the deterll1illatiolls wu~ 
auopted us lhe üeJillitive value uf lhe latilude, 

'1 ho res1Ilt WI1~, thai, owiug to tha 51Lltable uhoice of lho 5tnrs on bath sides of 
Ihe ze'uith, the dillt'rOlH:e~ \Vpru extrellluly sll\ul!, anti in the greut 11HIJority of CRS6a 
did not rench IL tenth of ft second, 

2) As the stone, Ol~ which this plate WilS engmved, was \lot yet grOlmd out, it hlls 
been appended to thlS abstract. 
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attraction to the south by the deep Indian Ocean. The south ward 
attraction at Patjarloewong is strange, there being no remal'kable 
rnountain to the south of th is station, and the near lying Pliken 
showing already clearly the attraction of thc Slamat on the north 
east. Wc are also struck by the southward arrowat Magetan, which 
has the rnighty Lawoe rising near it on the northwest. 

Other remarks could be made with regard to the directions and 
lengths of the arrows on this map, but I think these are sufficient 
At all events I think the conclusion is evident, that the deviations of 
the plumbline, detected by the determinations of latitude, show the 
desirability of a much larger number of such determinations. If 
we wish to combine the study of plumbline deviations with-triangu
lation, it is desirabIe to make a detel'mination of latitude at every 
station; it is then not necessary to attain a high degree of precision; 
a single series of say, eight circummeridian zenith distances of a 
star sonth of tlle zenith, combined wit,h an equal number of a 
star at nearly the same distance to the north of the zenith, would 
be sufficient. If I were to have again under my direction a triang
ulatiou of Java or a similar mountainous country, I certainly should 
prefer this method io that whiC'h has been followed. Moreover 
every mountain offers a wide field of research; aud very interesting 
results rnight be attailled by executing a large Dumber of measures 
of plumbline deviation and gravity in the whole region affected by 
a vulcano. 

As YVON VILLA.RCEA.U has shown, the deviations of the astro
nomical azimuths from the geodetical ones may be expressed in 
deviations of longitude: unfortunately they must th en be multiplied 
by the cosecant of the latitude, a factor, having for the 20 stations, 
where azimuths were determined, a mean value of more than 8. 
Moreover the said differences were too much affected by the accu
mulation of errors in the horizontal measures; so the results of this 
reduction were untrustworthy. They gave, (and this is not to be 
wondered at) improbably large deviations in longitude. 

Much smaller discrepancies were obtained by comparing with the 
triangulation the differences of longitude which I determined, in con
junction with the Assistants JA.EGER and VOSWINKEL DORSELEN, by 
the telegraph, in the years 1859-1863, befOl'e the resumption of 
the suspendcd triangulation. Our stations we re not identical with 
those of the triangulation, but the relative positions have since been 
determined and allowed fol'. Though the comparisons are onlyeight 
in number, they show clearly the attraction by land. 

Utrecht, February 19, 1901. 
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Chemistry. - Dl'. ERNS'!' COHEN mul E. 11. BÜCHNER: "On 
ETARD'S Law of Solubility." (Communicatod by Prof. H. W. 
BAKHUIS ROOZEBOOM). 

1. In J 894 ETARD 1) formulated tho following rulo: When the 
solubility of different salts at different tomperatures is expressed in 
grams of the salt per 100 grams of the saturated solution, the 
curves l'epresenting the solubility as a function of the temperature 
are straight lines and may be represented by an equation of the 
form y = a + bt. ETARD has determined the solubility of a number 
of salts in water (and other solvents); in some cases the temperature 
was so high that it came noar to the melting point of the dissolved 
salts. 

2. ETARD'S views have passed illto the literature (books of 
reference) and thus we find in the second edition of the Physikalisch
chemische Tabellen of LANDoLT and BÖRNSTEIN the accompanying 
solubility equation (y = a + bt) for each of the salts investigated 
by ETARD. 

3. Knowing the difficulty of preparing a really saturated solution 
of any salt, that it has been proved necessary to shake or stil' the 
particular solvent for a long time (1-3 hours) with an excess of 
the finely powdered salt at a constant temperature, it is surprising 
to filld ETARD making the following statement: "pour obtenir une 
solution saturée de sel dans l'eau, il suffit de mettre dans un verre 
de Bohême un mélange de sel concassé et d'eau à volumes sensible
ment égaux.... Ie thermomètre destiné à pl'endre les températures 
sert en même temps d'agitateur. .. La rapidité de la saturation est 
telIe dans les conditions que je viens d'indiquer, qu'on peut, pendant 
l'ascension continue mais très lente du thermomètre agitateur, prendre 
autant d' échantillons qu' on Ie désire de la solution parfaitement 
sa~urée aux températures tO, tl

O, tzO, tso..... La régularité et 
la concordance des résultats suffiraient ft démontrer la vél'ité de 
l'affirmation précédente. Cepeudant des expériences comparatives 
ont eneore été faites pour la mettre hors doute, et elIes ont montré 
qu'en effectuant la saturation dans un ballon agité pendant des heures, 
ainsi qu'on Ie l'ecommande souvent, on n'arri ve pas à une précision 
plus grande. Cela sont des précautions illusoires" . 

4. Investigatiolls conducted by one of us with Mr. KOHNSTA.MM 
some years ago 2) on the solubility of cadmium sulphate had shown 

1) WnmEHANNS Annnlen, N. l!'. 65 (1898) 344. 
2) Anllales de r.himie et de physique, 7e série t. H, noût 1894; t lIl, Octobre 1894. 

38 
Proceedillgs Royal Acad. Amsterdam. Vol. lIl. 
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th at the soilltions us eu by ETARD in this caso woro quito unStltul'
ateu and that his figures fol' Rome temperatUl'es were about 35 pOt, 
below the trûth. The new figul'es were confirmed by _the simult
aneously conducted experiments of thc PhysikaIisch-Technische 
Rcichsanstalt at Charlottenburg (MYLIUS and FUNK)!) ás shown by 
the subjoÏlled tabie: . 

100 gralU~ of water dissolve !;rnn~s of Cd 804" 

'l'cmperatu!·e. ETARD. 

55.52 

60.92 

63.77 

COHEN & KOHNSTAMM. 

75.52 

75.90 

76.11 

hlYLIUS & FUNK. 

75.47 

76.00 

76.05. 

Later investigations on the solubility of zinc suIphatc by OALLENDAR 
and BARNES2) and OOIIEN 3) as weIl as the elaborate dotorminations 
published by the Reichsanstalt as regards a number of other salts 
created a suspicion that a1so in those cases E'rARD'S determinations 
had not been made with saturated solutions. The above mentioned 
law of solubility stands or falls, of course, with the correctness of 
ETARD'S measurements. We have, therefore, carefully tested that 
Iaw in a number of cases wh ere very tl'ustworthy determinations of 
tho solubility have been executed (this numbor is comparatively 
sm all) and the result is gi ven in the following lines. 

5. ANDREAE'S detorminations 'j') have been conducted with great 
care. lIo took groat pains to keep temperaturcs constant and was 
onIy i:ltltis6od when he had obtailled tho samo result by three different 
methods. Eis determinations are certainly the most reIiablo Olles 
which have ever been made in this direction. 

Jn the following table wo give the results of ANDREAE fol' NaCI, 
KOl, K2 804, K NOs, recaJcuIateu by E'rARD 's method. Under 
E'l'ARD arc given the soIubiIities del'ived ft'om his own determina
tions (or fl'om hii:l equations) whilst along with ANDlU~AE'S ~figures 
thc tomperatul'e roefficiellt of tIJe solubility is g-ivon which accol'ding 
to ETARD, must bo constant fol' oarl! salt. 

1) B. B. 30 (1807) 824. 
2) Proc. Roynl Society, 62 (J893) 147. 
3) Proceedings Kon, Aknd. v. WeienschaweIl 30 D(;'c. 1899. 3:H. Zeitschrift für 

physikolische Chemie 34. (1900) 179. 
4) Journal für praktische Uhemie, N. l!'. 29 (1884) .J,56. 



- 587 -

NaCI. KCI. K2 804• KNOs• 

ANDREAE. 
.tl L. ETARD. AKDREAE. 

.tl L. 
ETARD. ANDREAE ..tl L . ETARD. I) ANDREAE. 

.tl L. 
ETARD. 

Ät. Ät. , Ä t. Ä t. 
+25 

0/-25,8+0,0248 t. !I 19.6+0.1916 & y-7.5+0.107t. 70 
-11 1J

20 
= 24+0.716 

+242 
!I + 2;=26.5+0.1 03e 

00 26.27 25.8 21.87 21.70 6.85 7.5 11.72 -.-
0000 0.202 0,160 0.556 

1 0 26,27 25.90 226S 22.47 7.49 7.93 -.- -.-
0.~06 0.18G 0160 

10° 26.305 26.05 23.80 23.62 8.44. 8.57 17.28 -.-
O.OOi 0.1.4 0.156 0.678 

20° 26.38 26.29 25.54 25.54 10.00 9.64. 24.09 24.0 
0.011 0161 0.H8 0744 

300 26.49 26.54 27.15 27.01 11.48 10.71 31.45 31.1 
0.015 0.148 -- 0188 0.75" 

40° 26.64 26.79 28.63 28.05 12.86 11.78 38.99 382 
O.Olg 0.13. 0.130 0710 

50° 26.83 2704 30.00 29.09 14.16 12.85 46.01 45.3 
0.021 O.HlG o 12~ 0.626 

600 27.04. 27.28 31.26 30.13 15.38 13.92 52.35 524 
0.024 

70° 27.28 27.53 -.- -.- -.-
0.026 

80° 27.54 27.78 -.- -.- -.- -.-

1) C. R. 106 (1888) 208. 
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Tt will be seen that in ANDREAE'S determinations there is no 
q uestion of a l'ectilinf'ar course of the solubility line. The tempel'ature 
coefficient constantly changes. 

6. If to this we add the table of solubiJity fol' zinc ~sulphate as 
obtaincd from the concordant detcl'minations of CALLENDAR and 
BARNES [tnd COREN 

TEMPERATURJtJ. SOLUBILITY. Á L. 
--;:;T 

_ 5°.0 28.21 
0260 

0°.1 29.54 
0274-

9°.1 32.01 
0.2UO 

15°.0 33.72 
0288 

25°.0 36.60 
0328 

30°.0 38.24 
034b • 

35° 0 39.97 
0305 

30°.0 4.1.1 0 

it mayalso be observed that contral'.y to ETARD'S data, thc tempe
rature coefficient is not constant. ETARD seems to have worked 
here again with unsaturated solutions. 

He found the solubility 29.1 at + 1° 
and 40.9 at + 49° 

ETARD'S curve shows nothing of thc existence of a transition 
at 38°.5 whiC'h bas been pl'oved to exist by a number of methods. 

7. The following table relates to cadmium sulphate: 

SOLUBILI'l'Y 

'l'EMl'ERàTURE. ETARD. MYLIUS en FUNK. 
COIIDN cn KOIINSTAnm. 

0° 357 43.01 

10° 37.b 43.18 

300 d2.0 4-3.75 

860 43.5 85° 396 

94,° 416 95° 38.1 
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As will be seen, ET.A.RD has experimented here below 860 with 
unsaturated and above 860 with supersaturated solutions. 

8. Finally, it is shown from the latest determinations which 
have been executed with great care and accuracy in the Physikalisch
Technische Reichsanstalt by DIETZ, FUNK, Y. WROCHEM and MYIJIUS 1), 
that ETARD wh en he detelrnined the solubility of the salts inves
tigated by these authors has always worked with unsaturated solu
tions. In some cases the existing differences are not large. It is not 
worth while to insert here all the tables as the general result seems 
to be tboroughly established. 

9. LENOBLE 2) pointed out in 1896 that the data formerly com
municated by ETARD did not lead to straight lines but to curves 
of the fOUl·th degree or higher with slight curvature. As it now 
appears that ETARD'S original material does not represent the true 
state of affairs, a closer investigation in this direction bas become 
superfluous. 

Result of the Investigation. 

ET.A.RD'S law of solubility is not in agreement with the facts; a 
sirnple relation like this between the solubility of salts anel the 
ternperature does not seem to exist. Repetition of ET.A.RD'S experi
monts at high temperatures is desirabIe. 

Amste"clam, Chern. Lab. University, February 1900. 

Mathematics. - Prof. J. C. KLUYVER: "On tlte expansion of a 
fttnction in a series of polYllomials." 

According to BOREL'S ramark 3) the fundamental problem consists 
in oxpanding 1: l-:c. Fur, having once obtainrd an expansion of 
tho form 

1 '" "'( ) -1 = 1 +:I Tn (.r) = 1 +:I aln.'I: + «2n w2 + Ci3n .c3 + ... anI! .v
n 

-IJ] 1 1 

1) Wissenschnftliche Abl1RlldlulIgell dE>r Physiknlisch-Teclmischell Reichsnnstult. 
na. m, 427. 

2) Bulletin de la Société Ohimiqne (le Paris, X V (lS96) 54. 
3) Annales de 1'école normale, t. 16, p. 132. 



- 590 -

( 066 ) 

that can l)e rendered converging in every finite region of the x":p1ane, 
not enclosing any part of the straight line (+ 1, + (0), from 

we may deduce 

00 

f(llJ) = ~ Cm (m-a)m 
o 

and the series of polynomials Un (x-a) can be made to represent 
f (x) in every finite region of MITTAG-LEFFLER'S "star". 

Solutions of the fundamental problem are given by MITTAG
LEFFLER 1), PAINLEVÉ 2) and others; still as yet new solutions are 
not devoid ofinterest. Perhaps the solution described here is not behind 
in ,point of simplicity at least from a theoretical point_of view. 

As was shewn by PAINLEVÉ the problem of expanding 1: I-x 
is connected with a problem of conform aI representation implying 
a certain want of determinateness. This problem requires the mapping 
of the interior of a u-circle, eentre the origin and radius unity, on 
the interior of a nodelefls elosed z-curve, going round the origin and 
passing through z=+1. The homologues of tt=O, tt=+1 are to be 
the points z = 0, z = + 1; mOl'eover the shape of the z-curve must 
be made to depend on a single or on several arbitrary parameters 
in sueh a manner, that by their assuming appropriate va]llcs the 
z-curve takes more or less elongated forms, varying from a z-circle, 
centre the origin, to an area of infinitesimal breadth covering the 
stroke (0, + 1). 

In no other way is the choiee of the Z-Cllrve limited. We take it 
here to be an ellipse having one focus in z = ° and the farther 
extremity of the axis major in Z = + 1. 

SCHWARZ'S functional relation 

.in ui 
z -,;: C sw ,- sn-l -\ 

- (2K Vk 

makes a u-circle and a z-ellipse conformal are as ; since howcver by 
this formula the centres of both curves are eorresponding points, 
and in our case the centre of the circle should be the homologue 
of one of the foci of the ellipse, a slight alteration IS necessary. 

1) Acta Mathematica, t. 28, p. '18 Ilrrel t. 24, p. 188 Ilnd 205. 
2) Comptes rendus, 23 Mlly !\1111 3 J uly 1 B99. 
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1t will be seen that the correspondence defined by the equation 

_ 4q% . 2 \ n -I V~ 
z -- 11 2 SUl I 17 sn - \ ' (1 + q 2) 2.L1. k 

meets all requirements. 
As to le, ]{ and q, they are the usual JAC'OBIAN COllstants in the 

theory of elliptic functions; we will consider k and J( as functions 
of q, thus rnaking the lat ter quantity serve as an arbitmry real 
parameter able to assume all values betwecn 0 alld 1. Putting 

the functional relation between u alld z maps the u-circle on a 
z-ellipse represented in polar coordinates by the equation 

1-8 
R=~--

1-8 cos cp 

When q tends to zero, the excentricity Evanishes, the z-ellipse 
beeomes a z-eirele and ultimately we have z = u: on the contrary 
when q approaches its uppel' limit unity, the z-ellipse tmnsforms 
jtself into a narl'ow loop stretched round the stroke (0, + 1). 

Obviously we may deduce from the functional relation an expan
sion of z in aseending powcrs of 1t. Writing 

the coeffieients 0" are obtainable by means of the differential equation 

d2z J 0 dz n 
u(k-lt)(I-1~lt) du2 +2" [k-2lt(1+k")+3ku2

] du - 41(2 z = 
2ql/2) n 

- (l+gl/2)2 . 4j(2 • 

We sha11 find for the first and second tcrms 1) 

1) 'rhe Ilotlltioll of the .&-constallts is that of 'l'AN:-IERY lIIal MOI,K, Élélllellts elt' lu 
théorie des fOllctiollS dliptiques. 
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c _ 2 (824 + t9i-l) 
2 - 3 {)i t'J

S
4 

and we may th en use the relation 

to obtain the higher coeffieients. 
Similarly it is possible to expand Zll. For ZII as weil as Z iti::elf 

is simply an aggregate of cosines of constant multiples of tbe quantity 

'll U V-
(1= 2K sn-1 kt 

and tbe expansion of cos 2 m (1 gives no more troublé than th at of 
cos 2 (3. In particular it should be notieed that the series for Z" begins 
with the term Uil. 

The foregoing eonsiderations enable us to express the function 
1 : 1- xz as an integral series of u. For, in faet, we have only to 
expand the different powers of z in the se~ies 

1 + ti' Z + ;1'2 Z2 + aJS z3 + . . . . 
and to arrange the result aceording to aseending powers of 1e. 

In this way we obtain an expansion of the form 

1 GO ---= 1 + :E Tfi (x, q) UfI, 
1 -tI'Z 1 

where tbe coefficient Tn (x, Ij) is a polynomial in x of order n, the 
coc::ffieicnts of th€' polynomial involving the parameter q. 

Putting now x = (Jei9 we will ask under wh'l,t; conditions as to x 
and to q this ze-series has its radius of con vergen ce at least equal 
to unity. This point is examined in tbe following way. Suppose 1e 
to move at random through the interior of tbe u-eirele, centre the 
origin and radius unity, then z simultaneously moves within the 
corresponding z-ellipse alld the motion of the point xz is restrictecl 
to take plare in the interiOl' of aserond ellipse of the z-plane. Evi
dently this xz-ellipse is obtained by turning the z·ellip8e round z = 0 
through au augle 0, stretching at the same time its radii vectores 
in the ratio (!: 1. Henre if only the point z = 1 lies outsidc this 
xz-ellipse, given by the equatiou 
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R= __ (1-8)(,.1 , 
1 - 8 COS UP - 0) 

the function 1: 1 - xz remains uniform and fini te, whatever may 
be the position of H within tbe u-circle or even on its boundary. 
Therefore as soon as x and q be sneh th at 

1 (1-8) (! 
> 1-8 COS 0 ' 

or what is the same that 

1 8 
(! < --- ·-cos 0, 

1-8 1-8 

the 1~-series will converge unconditionally for I u I < 1. 
We assume x and q to satisfy the condition imposed upon them 

and put u = + 1; thus we obtain 

1 co 

- = 1 + ~ Tn(x, q), 
I-x 1 

a development of 1 : I-x holding good for all points x inside the 
limaçon 

,18 
€I = -----cos O. 

l-e 1-8 

This limaçon has its acnodal point in x = 0 and the nearer vertex 
in x = 1. lts ·shape depends on the value of qj by variating this 
parameter we may rpgulate to a certain extent the region of eon
vergence of the series of polynomials. Take q = 0 and the limaçon 
degenerates into a circle, centre x = 0, radius unity. Suppose q tending 
to its upper limit and the limaçon covers larger and larger parts of 
the x-plane. UJtimately for q = 1 the limaçon would enclose all points 
x of the plane except those lying on the straight line (+ 1, + (0). 

Thus we infer that the expansion of 1 : I-x can be made to COIl

verge in every finite region of the plane not including a part of the 
line (+ 1, + 00) and we may use it in the manner indicated at the 
beginning to form all expansion representillg a given function f (x). 

Sol, for instunce, taking q = (r"', we have for all points x inside 
the limaçon 
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Q == 1.663 - 0.663 cos 0, 

1 
- = 1 + [0.5785 oT] + [0.2133 IV + 0.3347 a2] + 
I-oT 

+ [0.0968 w + 0.2468 w2 + 0.1936 $3] + 

+ [0.0488 $ + 0.1575 w2 + 0.2142 $3 + 0.1120 $4] +-
+ [0.0262 w + 0.0978.1 2 + 0~1762.v3 + 0.1652 .v4 + 0.0648.1,5] + 

. . . . . . . . . . . . . . . . . . . . . . . 

If we now multiply the coefficients of xo, xl, ... x5, ••• respectivcly 

by 0, 1, 0, - !' 0, !, ... , that is by the corresponding coefficients 

of the power series 

IV $3 w5 

bg trl''V==---+7'" ., . 1 3 t> 

we obtain the expansion 

bg tg $ = [0.5785 w] + [0.2133 IV] + [0.0968 IV - 0.0645 a·3] + 
+[0.0488 $-0 0714.x3] + [0.0262 .v-0.0587 J3 + 0.0130,/;5]+ ... , 

and the equivalen0e of the function and the selÎcs is valiel fol' all 
points common to the interiors of the limaçon& 

Q = 1.663 ± 0.663 sin O. 

Anel again in the same way we deduce from 

1 

V 
= 1 + [0.2892 w] + [0.1066 m + 0.1255 .r2] + 

I-m 

+ [0.0484 il' + 0.0925 m2 + 0.0605 w3] + 
+ [0.0244 il' + 0.0592 m2 + 0.0669 w3 + 0.0306 m4'J + 
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the regîon of con vergence being the sa.me as for the expansÎon of 
1: 1-x. 

For a test we may make the substition x = -1; we shall find 

1 
2 

0.5000 = 1-0.5785+0.1214-0.0436 +0.0065-0.0042+ ... 

=0.5016+ ... , 

bgfg(-l) = - 0.7854= - 0.5785 - 0.2133 -0.0323 + 

+ 0.0266 + 0.0195 + ..• = - 0.7820 +"" 

1 
V 2 = 0.7070 = 1 - 0.2892 + O.01S9 - 0.0164 - 0.0015 -

- 0.0022 + ... = 0.7096 + .... 

Phycics. - Prof. J. D. VAN DER WAALS on: "Tlte equatiOlr of 
state ancl Uw tlleo1"y of cljclic motion. ", Il. (Continued fl'om 
page 528). 

BefOl'e we are able to c,tlculctte the oquatioll for the equilibrium 
allel the entl'opy and the ~peeific heat of a ~ubstance with triatomic 
molecules, we, must first lmow the mode of motiOll. Ir the motion 
should be such, that thc fil'st atom is phteed exactly in the centl'C 
of gravity, and eonsequently only thc two other atoms move, sueh 
a molecule must be regarded as a diatomic one, alld the equation 
of the equilibrium will be again cqual to: 

(p + d~v + d~b) (b-bo) = Rl'. 

But the value l'epl'esented by bo will indude besidcs the space of 
the moving atoms, also the space occupied by the stational'y atom. 

If tho motion of thc tlm'c atoms rolativo to their centro of gmvity 
should be sueh th at tho distance of one of them quite detel'mines 
the place of the two others, as would be tho caso when they move 
along three lines, which enclose constant angles, and if thc case is 
therefore to be considercd as a vibrating system with one degl'ee of 
freedom, th en snch a molecule mU'lt be treated in Our consickratiOllS 
as a c1iatomic OIlt'. 
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Only if thê motion of two of the 
three atoms relative to each other is 
such, that it is independent of the 
motion of the third atom relative to 
the centrc of gravity of the two first· 
mentioned, the, molecule may be called 
a triatomic molecule also from our 
point of view, and we shall find a 
g!:eater specific beat and a modified 
equation of state. 

Let Z in the figure ue the centre 
of gravity of the molecule, and A, Band C indicate the instanta
neous position of the three atoms. If J) is the centre of gravity of 
A and B, then the points C, Zand D must of course lie on the 
same straight line. Let us take the distances DA = 1'11 DB = 1'2' 

CZ = 1'3 and DZ = 1'4' Let us now imagine the motion of the atoms 
to be such that A and B move along their connecting line, and that 
at the same time, but independent of this, C and D approach each 
other. '1'hell the vis viva of the first motion may be represpnted by : 

and that of the second motion by: 

Then A (v_b)2/a 82 addcd to the sum of thesc qual1titics rcpresents 
the w hole vis viva. 

From this we deduce for the cquation of the equilibrium: 

Let us caU the incrcasc of volume in ronsrqucncc of thc ('xistrnre 
of thc first motion : 

ana in conscqucncc of thc cxistence of thc serond 1l1otion: 

Thc way iu which in these expressions 1'1 ttIH.l 1'z dopellu on oach 
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other, is known, just as that of 1'3 and 1'4; 1'1 and 1'3 howevpl' must 
be considered to be independent of each other at any moment. Thc 
sum of bI-bol and bg-bOZ is the quantity which we may consider 
as the increase of volume of the molecule, and so: 

On account of thc independence of the two atomie motions, we 
get therefore two equations of the equilibrium: 

and 

the former applying to the directioll in the molecule which connects 
A and B, the latter for the direction which connects C and D. In 
other words, the molecule has two directions, according to which 
it can possess a different degree of compressibility . .A. form for the 
potential energy, which does not take these different properties in 
different directions into account, is therefore insuffirient. The ther
modynamic deduction of the equation of the equilibrium is therefore 
wrongly simplified hy assuming the quantity Pb, and we should act 
more in accordance with the difference in properties in the two 
directions by introducing two quantities Pbl and PbZ< By means of 
them we may write then: 

and 

If we calculate in the same way as is done for diatomic mole
cules on page 523, the value of dQ, we find for triatomie molecules, 
the atoms of which move in the way described : 

dQ = Lo d log [(V-b)~/3 Lo] + (Ll + Lg) d lorl [(bl-bolY~ (LI + .Lg)] + 
I 
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If 
LI + Lr;, _ 1 _ L3 + L4 

we put Lo -"3- Lo ' wc gut: 

and therefore fol' thc valuc of the specific heat at v = 00 : ~ 

If wc take for Pbl the farm: Pbl = tal (bl-bol)2 and in the same way 
for Pb2 the farm: Pb2 = t ar;, (b2-boz)2, we find, supposing 

al ~"nd a2 independent of thc temperaturo, from the equations of 
the equilibrium for whieh v = 00, so from -

and 

and cOllsequt'utly 
C 2 
2.= 1 +- = 1,2857. 
Cv 7 

Fol' carbonie acid vulues fol' this rclation arc givcn Val'yillg from 
1,274 to 1,3221). For N20 thc values val'y from 1,267 to 1,327. 
Fo!' S02 we find the values from 1,238 to 1,262. 

In this caleulation of the specific heat bath of diatomie and of 
triatomie molecules, we have taken Pb as independent of thc tem
peraturc, and on the supposition that Pb = t a (b - bo)2, we have 
found a contribution to Cv of the same amount, as if there we re in 
each case one c1egree of freedom marc fol' the atomie motion than 
wc assumed. If wc had taken a as depeniling on the tempcrature, 
we should have found anothcr amount for this eontribution to C, 
which wc may l'cgard as a kind of potelltial encl'gy. Spoeially if we 

1) See O. E. :M:EYER: Die kinetische Theorie der Gase. 1877 pag. 91. 
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put ct as proportional to the temperature, this contl'ibution to Cv is 
equal to zero, as is evident without fluther calculation, if we put 
for the equation of tho equilihrium at v = 00 : 

1f we want to make the calculaied value of Cv agree with the 
above mentioned, we have to assume every time Olle degree ot 
freedom more for the atomie motion, than we put above. For the 
diatomic molecules we have then to assume besides the radial motion 
a motion normal to the radius vector. For the triatomie molecules we 
have then to assume besides the motions already assumed, still other 
motions, e.g. su eh a one that the line which conneets A and B, 
leaves the plane of the figure, and that the line which conneets 
C and D rotates in the plane of the figure. 

Accordingly on the supposition that ct is proportional to 1.', we 
find the potential energy of the molecule (i., e. the amount with 
which the total energy exceeds the vis viva) equal to zero, as 
appears from: 

8 = F (1.') + P _ 1.' (dPv
) + p _ ']' (dPb) 

V d']' v b d'l' b' 
, 

For then ']' (~~~ ) b is al wa ys eq ual ,to Pb' 

But it was not chiefly the calculation of the specific heat of thc 
complex molecules, which induced me to this investigation. And. 
though I am of opinion that its true knowledge is urgently required 
for getting an insig'ht into the way in which atoms are grouped in 
thc molecule and move relatively to each otller, and though I think 
that through its value we shall of ten be able to take a decision, 
when otller methods for the determination of the forl11ula for the 
structure of the molecule fail, th ere is as yet still too little 
experimental l11aterial at hand to test different ideas which might 

suggest themsel ves. 'fhe prevailillg opinion, th at ~ must de

cre!lSo with the number of atoms, may be true in general, still thero 

are l'emarkable exceptions. 80 the value of ~' fur NH3 found ex

peril11entally is not in accol'dance with what we should. expect for 
a tet~(atomic moleeulé. It points more to a molecule in which not 
four, but 0111y three atOI11S move with respect to the' centre of 
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gravity. This leads to the iJea tlmt the atom N is pluccd in thc 
centre of gravity of the three atoms Il aud does not take part in 
the atomie motion. 

But let us now return to what I con&iJer as thc principal part 
of this invcstjgarion, viz. the two equations of equilibrium:_ 

and 

There ure two CU8CS in whieh we might l:>uu8titute oue Biugle 
equation of state for these two equatious. 

. dPbl . dPb2 
1 st lf - could be taken as very great wIth respect to --, 

~ ~ 
or rather if we aSSUllle Pbl = t al (b1-001 )2 aud Pb2 = ! a2 (02-b02)2 

al as bcing very great with respect to a2• In this case bI-bOl is 
IillllaU with respect to 02-b02 _and b},-b02 may be equated to b-bo' 
'The equation of state becomes then: 

just us for a diatol11ic molecule. 
2nd if al = a2' Then is bI-OOI = b2-o02 .= ~ (o-bo), and we get: 

For the suppositions as to the value of a1 and a2 which lie 
between these two limiting cases, there remain two separate equa
tions, but as an approximation it may be admissiblc to put in all 
cases: 

if J has a value betwcen 1 auel 2. 
For carbonic acid I had expected f to be little different ft'om 2-

and with this value fOl' f 1 h~Lve tested this equfttion of state of b 
to the series of values 1'01' this quantity whieh occm in thc Chapter 
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"Experiments of ANDHEWS" in the first part of Continuity etc., in 
order to see wh ether tIle observed variability of b might be explained 
in this way. For the calculation of this series of values for b I 

dPv a 
had assumed, that - is equal to 2' for a I had put the value of 

dv v 

0.00874. It has afterwards been doubted whether the molecular 
pressure is expressed perfectly accumtely by this simple value. 
Nevertheless this form has always seemed the only rational one to 
me, and thc accuracy, with which by means of this form the coeffi.
cient of compressibility ean be ealculated, as I have shown in the 
paper, which has been inserted in the volume of the Archives 
N éerlandaises dedicated to Prof. LORENTZ 1), has confirmed this 
opmlOn. 

It is not to be expected that I should have hit upon the e~act 
value of a, and in fact there is reason to assume, that a must be 
about 3 percent lower, as will be shown presently. From this 
follows that the series of values for b is not perfectly accurate either. 

l::.a (v-h)2 .. 
But a~ l::.ö = RT v2 ,the error lD b, WhlCh at v = 00 equal to 

~;,' will continually become smaller with decreasing volume, and 

become zero for the limiting volume; and as the value of b, as will 
appeal' prescntly, also decreases from a certain limiting value at 
v = 00 to zero, it will have decreased approximately in the same pro
portion. Consequently the series of the given value may serve as a test 
for the given equation. The constants oecurring in the equation will, 
however, get a value somewhat different from what they would have 
if they were derived from a perfectly correct series of values for b. 

It is obvious that whatever formula we may take for the mole
cular pressure, we sha11 find a certain course in the value b, of sueh 
a nature that if we on the other hand presume this series of values 
of b, we can trace back every particular of the course of the pres
sure curve. It is on1y the question whether the courHe of the values 
found for b is sueh as we have a priori cause to expect. Now the 
series of values of b first fulfils the condition that for large volumes 
b does not sensib1y differ and 8eems constant. Not before we get 
volumes of the order of b (formerly I had thought volumes of 2 b), 

1) Dr. G. BAKKER illfor~lIs me, that he mude slleh 11 calcullltioll of the coefficicnt 
ol complessibility alread.v L4 years ago. It a}Jpeared frolll some pages of a M.S. 
seut to me thut he hml calcullltl:'d ~ for ether ut 25° us e<plul to 0,000179. 

39 
Proceediugs Royal Aoad. Amsterdam. Vol. lIl. 
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does this valuo deel'oaso sensibly. Anel it scemod then to me a- stl'ong 
proof of the accuracy of thc values chosen for the molecular pres
sure, that this rondition was fulfilled in the values found for b. rrhe 
proof becomes much stronger if wc can show tha,t the values found 
for b quite answer to a before calculated formula for this value. 
The ellc1eavoul's for findillg such a formuln. for b, made by Bor"TZIlfANN, 
JAGER, VAN LAAR, myself and several other investigators, have 
as yet always been baRed on the snpposition, that the molecules 
are rigid bodies of a spherical shape. 'The endeavours have 
failed. Not only do they require hopelessly elaborate calculations, 
but I haye had to convince myself that the ralculated values of the 
roefficients found for such an equation cannot be in accord~nce with 
the observations. Now that I have found that for complex molecule~ 
of whatever shapC' , we find the same form for the equation of state 
of the substance as for a substance composed of simple molecules, 1 
have thought that I mig'ht give up the rigidity and thc sphel'lcal form 
of the molecules, and I have wishcd to try whether the compress
ibility of the molerules might be able to explain thc decrease of b 
with the decrease of the volume. In the foHowing pages I shaH 
communicate the result, obtained in that investigation. Whether we 
have quito to reject the correctness of the considerations, on which 
the earlier attemps at the calculation of the variability of bare 
based, I shaH not make bold to decide. I have only tried whether 
the equatioll: 

represcntt:l thc value of b found at every value of v. 
This formula gives ft value of b whieh changes cxcceding'ly little, 

if the value of v is grcat, allel which clccreases strollgly for smaIl 
"alucs of v, 

Let us begin with llloelifyillg the equation somewhat. Let us viz. 
intl'oduce thc limiting vftlue of b fol' v = 00, Let us reprcsent it 
hy bg• It is calculated from: 

If
' a ,B'l' 

wc wntc for p + --:;- its value VIZ. --, wc get: 
v~ v-u 
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Let Ul:> take the beries of values of v and b for t = 35°.5 and for 
t = 32°.5, wbich tempC'l'atures diffel' so little that the same values 
may be assigned to the constants, alld let us put bg=0.0026. Then 
two more COJlstants occul' in the equation, viz. f and bo. For both 
we have some indication as to their value. Fol' f we might take 2, 
n,nd fol' ba (the smallest possible value which b can assume) I had 

thought that I might conclude to a value of ~ bg accol'ding to the 

earlier viow of the cause of the val'iahility. As f is much casier to 
calculate thun bal which can only be found by sol ving an equation 
of the third degree, I took for ba tbe va]ue 0.00065. For the value 
of f we find then, beginning with the smallest volume: 

f= 2.114, f= 2.08, f= 2.175, f= 2.14 etc. 

Thon I increased bo a little, viz. so much that it became 
1 

0.0007 = 37 bg, and tben we fiml with f= 2 : , 
calculated found 

b = 0,001798 v = 0,002622 0,002629 

b = 0,00184 v = 0,002731 0,00275 

b = 0,00195 v = 0,003050 0,003026 

b = 0,0020 v = 0,003213 0,00321 

For the great values of v, b draws so near to the limiting values, 
that here the list of values of b, which increase and deCl'ease 
irregularly, are of na importance. 

Only the value of v whioh is given fol' b= 0,00234 does not 
agree, but it would perfectly agl'ee if we might put b = 0,002295. 

As I observed above, if the oourse of the value of bis represented 
perfeotly correctly by the equation, the isothermal calculated by the 
aid of it will have to possess all the peculiarities of the isotherm al 

determined experimentally. 80 the value of v, for which dp and d
2
p 

dv dv2 

are equal to zero, will have to coincide with the critical volume 

anel in the same way the value of ~'1~1~ will havo to possess for 
k 

that volume tho value which the experiment has detormined fol' it. 
39* 
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Now if b is kept cOllst,mt, tho cquation of btato has shown such 
large differel1Ces bet ween tho calculatou and the experimental values 

of Vk and ~~~:' that it is advisablo to examine whethor the val'ia

bility of b according to the given formul,t ca.n annihilate theóe 
differenceR, ~ 

J 

For the determination of thc critical point wc ha.vo now the 
following equa,tiolls: 

a R1' 
p+-=-, vS! v-b 

. . . . . . . • • (1) 

2a Rl' ( db) 
vd = (v-bY 1 - do 

. , (2) 

2(1- db) 
d2b 

3 dvS! \ dil +- db v v-b 
1--

dv 

. • • (3) 

The last of those equations, in which neither p nor T occurs, 
will have to serve as a uetermination of vl., anu that in connection with: 

Let U5 write (3) in the form: 

d2b 

3 (v-b) db v-b dv2 

2 v = 1 - dv + -2- db'" • (5) 
I--

do 

For the dotm'mma,tion of tho critical volume we have thereforo to 
db 

cho08e 8urh Ho value for v, th at the values for b, -
dv 

accOJding to (4) belong to it, satisfy (5), 
From (4) we find: 

db 1 

do - 1 + 2 I (_v-~)2 + (_V-_lJ )2/\ 
I b-bo bg-bO 

12b 
and ~, which 

do 

• , . • (6) 
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and 

Such a value for v patisfying (5) can only be found by repeated 

approximation. FQl' this it is useful to gct to know the course of b, db 
dv 

d2b 

v-b dv2 

and 
2 1 ~db 

dv 
With Jegard to b we point out that at v = 00 the value of b 

approaches bg asymptotically, that b decreases continually with vand 
that v and b assume at the same time the value bo' 

So if we take two axea, a v axis and a b axis, and if we dr3w 
the point Po, for which 'IJ = bo and b = bo, then the line representing 
b, "ill ascE'nd trom the point Po' 'J he initial direction in Po is 

. db f. db 2 
mdlCated by - = -- or m our case by - = - . The value of 

dv 1 + j do 3 

db . I 
- IS at v = 00 rqua to zero, but may become considerable if 'IJ is 
dv 

very smaH, 

ti ve, but in 

and increase to ZJs. This value of d
2
b is always noga

do2 

the equation (G) this qmmtity does not occur scparately; it 
d2b 

] . I I, • • v-b do2 

occnrs lOwevcr, lil tIe C'omumatIOn T db It appcars from (7) 
I--

do 
db 

that this expression is negative, anel of the order of -. The factor, 
dIJ 

with which ~b is to be multiplicd in order to get this complox, is 
dIJ 

cqual to 1, if 'IJ = 00, alld clescends to zero with diminishing volume. 

I t was necessal'y that db is never greater than 1. For if db is lar-
I dv dv 

gel' than 1, dp is llocessarily llegative, and then we should get unstable 
dv 
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phases îór very smaH values of v, which is quite opposed to the expe
riment. With the coefficients found in the earlier attempts at explaiI).ing 
tbe variability of b, 1 repeatedly met such unstable pha~es. 

It is obvious that a value for v, satisfying (5) can be found, and 
probably but a single value, if we pay attention to the- fact that tbc 

first membel' varies regularly between the values ~ and 0, aud the 
2 -

second member between 1 and lis. 
But wheu determiuiug the value of t· which satisfies (5), we meet 

with the difficulty, that we must be able to calculate not only b, 
db d2b 

but also - and -2 perfectly fron'I the equatious given fol' them, 
dv dv 

while a slight change in the value of f and bo might cause a very 
great change in the value of these quantities which i~ to be calculated. 
Sa the equation (5) is not perfectly sat!sfied, if we _ take t' equal to 
the observed critical volume. With b=216, ~ we calculate v=0,004082, 

db 
and we find the value of - equal to 0,16 à 0,17 and for the-relation 

dv 

d2b 

v-b du'IJ 
aud 

2 1- db 
dv 

db the value 0.71. N ow (5) mayalso be written: 
dv 

3b 
• . . . • (8) 

~l 
1- db 

dv 

, ldb v-b 1+2 ---
dv 2 

and calculated with this we do not get back v = 0,004082; but 
v = 0,00411. With b = 0,00223, we fiml v = 0,004406, so the 

d2b 
db v-b 

assumed critical volume, then - = 0,132 aud ---
du 2 

du'}, 
db has a 

1--av 
vàlue very near 0,1. Then we fiud from (8) v = 0,000457, sa ft 

greater difference between the two values calculated in different 
ways. But the cause of this may be that the given equation for 
the determination of b is drawn up to represent the series' of 
values which I have calculated for tlwm by aid of a not quito 
accurate value of a. Anel moreover it appears sufficiently from thc 
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deduction of the formuIa for' Ti that it can onIy be IUeant as art 
approximation. 

If we put in future for db as it is in the critical point a, and (1 
dv 

v-b 
for -

~ 

d2b 

dv'}, 
then: 

db' 
1--

dv 

vk = 1 + ::! (a + (1) 

l 8 a (1 - a - /J)2 n + 2 (a + (1)] 
R'l k = - -------------

27 bk 1 - a 

la[ J2[1-a-(1 ] pk = - - 1 + 2 (a + (1) 4, . - 3 
27 bk2 1 - a 

If Ix and (1 are equal to 0, then we finel the known vaIues which 
have been~ calcuIated on the supposition of constant vaIue of b. 

Let us take a = 0,138 and (1 = 0,1, which in the proximity of 
the critical point of carbonic acid jij not exaggerateel. From the 

series of values of b a value for db = ~ is even calculated, if v is 
dv 5 

hetween 0,00496 anel 0,00321. 
Then we find a very great eliffercnce in the critical volume, anel 

t.he factor bl,; descends even to 2,03 - to which must be ael(led that 
blo is smaller than b.g and may be put at about 0,86 bg. . 

But RTl,; anel pl,; are comparatively littlo' influenceu by this value 

of ct anel (1. Tho factor with which ~ ~ is to be multiplied, dcscends 
27 bk 

hy it only from 1 to 1 - ] ~O. Anel the factor, with which ~~ ~2 

is to bo ri1UltipÜecl in orel,cr to find 1Jl,;, rises from 1 to :. Therefore 

tho value of 'fk Vlç will be smaller th:m is found on the supposition of 
RTk 

Constant band that approximately in the same proportion, as is tho 
case rith t'k, whic~ is in perfect accordanco wit.h the experiment. 

For thc ,:,aluo of (~;,) k we fint! tho cxpression: 
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( 
pv ) 3 1 9 1 - ct 

RT Tc "2 1 - ce - /1 - 8" (l - ct _ (3)2 ' 

which leads to the wellknown value 3jg, if ce anu (1 are 0 and 
1 v 

deseends to -4 with the given value tlf ce and (3. From thc de ter-
3, 

minations of VERSCH.AFFELT wc derive fol' this ~alue _1_. 
~ 3,56 

(To be contimted.) 

Physiology. - Dr. J. BRAND: "Researches on the secretion ({nel 
composition of bile in living men". (Communicated by Prof. 
B. J. STOKVIS.) 

Nine cases of cholecystotomy, performed in tbe snrgical wards of 
the Binnen-Gasthuis at Amsterdam in tlJe years 1896-1899, afforded 
tbe occasion, to examine in the I first place tbe rapidity of the flow 
of human bile. The secretion is ft continuous one, sinking during 
the night, and showing its minimum in the eal'ly houI's of thc morn
ing. Aftel' awakening' tbe flow is rising' genel'ally fastly and attains 
a maximum a few hours aftel' midday. In the evening the flow of 
bi Ie presents a second maximum, wbich is much smaller than tbc 
first. These maxima probably nepend on the taking of meals. _ Tbc 
quantity of bile produced in 24 hour8 may be as great as 1100 cc 
(so that it comes 11ear the quantity of urine produced iu the same time), 
the smallest quantity found was 500 cc. There WllS no difference 
in the concentration of the bile at different times of the day. 'rhe 
quantity of the pl'oduced hile is ,"ery litHe influenced hy the body
weight; it is chiefly depending on metabolism, which is exactly mea
sUl'ed by the quantity of the essential substances of the bile. The 
amount of solid matterö in freely along the bile-ducts flowing- human 
bile (bile of the liver) attains 1.41 pCt. ; in bile, stored up in the gall
bladder, it can be as high as 20 pCt. The colour of hunwn bile is a 
bright golden ycllow one, and the amount of the colouring matter: 
the bilirubin is rather low: 0.06 pCt. IIurnall bilCl contains besincs 
bilirubine urohilinogen or properly speaking redllCed urobiline in mther 
large quantitics as a constant compound, and probably also vel'y 
small qllantities of haemato-porphyrinc, whirh is almost nevel' absent 
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in bile of the galIbladder. As to the bile acids, the proportion betweell 
taurocholate and glycocholate in human bi Ie was varying between 
1.45 and 1.54. Oonjugated or ether-sulphuric acids were also found in 
human bilo, at the rate of 6.4 pCt.-11.7 pOt. of the sulphur they 
contained, to the sulphur of taurllcholato. 

The phYRico-chemical properties of human bile were examined with 
great care, as there are till now but very few investigations in that 
directiûn. The molecular concentration of humani bile, with itl:! neu
tralor alkaline reaction to litmuspaper, with a rather low viscosity 
(the amount of mucine in bile of tbe liver is varying between 0.2 
aDd 0.9 percent), examined by tbc method of determining tbe lowering 
of the freezing point, proved to be almost perfectly equal to the 
molecular concentration of the blood. This fact, wbich was also 
stated for tbe bile of the gaJI-bladder, is a very remarkable one, in 
as much as the amount of water alld solid matters in bile of the liver 
aud in bile of the bladder can be most widely different; yet the mole
cular concentration f(~mains invariably constant. It may therefore 
be concluded, that in the more conceotrated bile, containing a large 
quantity of great molecules as bilious aClds, bilirubine etc. tbe rata of 
inorganic salts aud especially of Cl Na must be a low one. In fact 
in bile containing 3.7 percent of taurocholate tbe rate of inol'ganic 
salts proved to be 0.955 percent, in bi Ie with 20.9 of taurocholate 
this rate being only 0.265 percent. During secretion of bile resol'pt
ion of a salt-solution, which is isotonic with blood, must therefore 
IIndoubtedly take place in the bilious ducts and the gallbladder. 
Moreover the secretion of the mucous membrane of the bilious ducts 
anel bladder being also isotonic with blood, tbere can be an exchange 
of molecules of salt for molerules of mucine, the molecuJar cou
centration i. e. the osmotic pressioll remaining unchanged. The influ
ence of mucine in the process of resorption is not yet clearly deter
mined. As a high aOlount of mucine accompanies as a rule a high 
amount of inorganic salts, it may be assumed, that mucine is influen
\\ing dissociation, 0[' is linked to mineraf compounds. 

Fmally, the electrolytic conducting power of bile was determined 
by KOHLRAUSCH'S mothod. It proved to surpass the conducting 
power of blood, (). 37° 0 = 18.21-18.30 + 10-7 in unities of mer
cury), as coulrl oasily be presumed by the great amount of salts iL 
contained. Yet the rate of inorganic salts is no mensure for electro
lytic conductibility. 

\ 
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Bacteriology. - Prof. M. W. BEIJERINCK presents a papër: "On 
Oligonif1'opMlous Bacfe1'irt". 

By "Oligonitrophili" I understand those microbes, which develop 
in media to which are not purposply added nitrogen eompounds, but 
without precautions having been taken to exclucle the least traces 
of these compounds. 

They give rise to two different serit;s of "accumulatión experi~ 
ments'\ the development being~caused: Fit'sf, in the light, without 
any other source of carbon in thc food but the carbonic acid of 
the atmosphere, when chromophyll ~containing oligonitrophili are 
to be looked for, Second, in presence of a source of organic carbon 
in the medium, when colourless oligonitl'ophili may be -expf'cted. 
In both directions I have made many expprimellts, of which those 
in the light have a very slow course and are still in process; here 
follow some rpsults concerning "accumulation eXl)erimeuts" with 
colourless oligonitrophili. 

1. Aërobiosis and Anaërobiosis in Oligonit?·ophili. 

The "elective culture" of oligonitrophili in Jlutrient liquids with 
organic carbon compounds, has first been practised by WINOGRADSKY, 
uuder circumstances which secured anaërobiosis 1). He used 2 to 
4 pCt. glucose solutions with the required mineral nutricnts and 
4 pCt. Ca C03, but without purposely added nitrogen compounds. 
For the infection was used garden-soil, and he constantly obtained 
a culture of a microbe belong'ing to the butyric-acid fcrments. 
The experiments were p€'rformed in ordinary glass jars under 
cotton-wool plugging, when first a rich culture of aërobics deve
lops, which renders possihlc the life of the anaërobic oligonitrophi
lous butyric-acid ferment, Icalled by WINOGRADSKY OloSt1'idiu111 
pasteurianum. He also worked with pure cultures of this speries at 
exclusion of air. When repeating his experiments I found that traces 
of nitrogen compounds are indispensable for success, and the same 
is the caRe for the aërobic oligonitrophili found by myself, so that in 
culture liquids, prepared with all the precautions that exclude the 
presence of compounds of nitrogen, as weIl with aël'obiosis as with 
anaèrobiosis in a nitrogen atmosphel'e, tho growth of o1igonitrophili 
is extremely feebIe and soon ceases. 

I) Recherches sur l'Assimilatioll de l'Azote libre de l'Atmosphère pn.r les Microbes. 
Archives des sciences biologiqllE's. St. Pétel'~boUl'g. T.3 N. 4. 1895. "meQtiYf:' culture" 
is the name given by W. to the accumulation experiments. 
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My own experiments diffel' from those of WINOGRADSKY by my 
having rendered possible either aerobiosis on1y, or by suffieiently 
promoting the aecess of oxygen at least partIy to cOllnteract the 
butyric-acid fermentation. So doing I came to the discovery of a not 
yet described genus of oligonitrophilous bacteria, bolonging to the 
aerobics 1). This genus, whicb is easily recognisable by the large <limens
ions of the bacteria, I will caU Azotobacte1'. Hitherto I found two 
we1l distinguished species, one, A. cltroococcu?n, is extreme1y common 
in garden-soil, the other, A. agilis, is as common in the canal-water 
of Delft. 

Sufficient access of oxygen is easily to be obtained in myexperi. 
ments by cultivating in thin liquid layers on the bottom of spacious 
ERLEMEIER-jars. As tbc butyric-acid ferment, however, can by no 
means do quite without oxygen, but, being nmicl'oaerophilous", does 
want oxygen, a1beit of low tension for vigorous development (which 
has been overlooked by WINOGRADSICY), the regulation of the access 
of oxygen is not sufficieut completely to keep tbis ferment out of 
the aerobic cultures. I have therefore tried to prevent its growth by 
selecting carbon sou rees which are weIl assimilated by Azofobacter, 
but cannot, or can only with difficulty give rise to butyric-acid fer
mentation. As particularly fit fo)' this end I found to be: mannite 
in 2 to 10 pCt. solutions, and calcium propionate in 1/2 pCt. solufions, 
of which the former is hard1y, the lat ter not at all attacked by the 
butyric-acid ferment ~). Less adapted for the experiments are cane
sugar and glucose, these sugal'S, especially the latter, easily getting 
illto butyric-acid fermentation. But I must rem ark that a feeble 
butyric fermentation, at least when calcium carbonate is present, 
is by na means prejudicial to my experiment, as calcium butyrate, 
too, is a sourcc of carbon easily assimilated by Azotobactel'. 

2. Accwnulafioll of Azofobacfer chl'oococCUIn trom Ga1·dfJll-80il. 

This species is obtained as follows. 
In an ERLEMEIER-jar is intruduced a thin layer of ft not sterilised 

culture liquid of the followillg composition : 

l)More e:..nctly of which Olle species is "mllCI'OaerOpllilous", the other "mesoacrophilon~". 
2) 1t is also possilJle to plevent bntyric-ncill fermentation by illtrodncing a ]Jiere 

of pure rerl copper into the cultnres, by which Llzotolmcter is not PI eJudiced. 'Ihis 
ul'tifice occurred to me lJy olJservin!\ the fhLlne renction of coppel', wh en burning in!l 
]~UMr.N.fbme, common A=oto6acter-iilms, g,rowll without addition of copper, from ti 

Cl u{le c~lltnrl', in tup-watl'r with 2 pCt. llIuunitC' ullll 0,02 pCt. K2rr 1'04, aua infecte{l 
with garden.soil. 
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Gr. Tap"water 1), 
" Mannite, 
" lP HP01,. 

and for the infection is used a not too slight quantity, say.0.1 Gr. 
or more, of fresh garden-soil 2). 

Accordingly, other nitrogen compounds but the small q':lantities which 
oecur in the tap-water and the infection material, are wanting. But 
by numerous experiments, made' under very different circum~tances, 
many of which with nutrient liquids prepared from pure destilled 
water, whose composition was thus perféctly known, I have, as said, 
come to the conclusion, that this slight quantity of compounds of 
nitrogen is absolutely necessary for the success of the E'xperiments 
with Azotobacter, and that the same is true for WINOGRADSKY'S Glos" 
tridittm pasteurianmn. 

In presence of nitrogen compounds in a _ rather C'onsiderable quan" 
tity, e. g. 10 milligrams or more of potassium nitrate or ammonium 
phosphate per liter of culture flllid, Azofobacler is no more proof against 
the competition with thc common nitrophilous microbes and does not 
develop. But this is by no maans the case with Clostridium pC/steu-
1'ianum, which excellently develops even at much higher rates of 
nitrogen compounds, though only then when the nitrophilous micro
bes have nearly quite consumed those compounds, so that diphenyl
amin shows no more nitrates, NESSLER'S reactive no more ammonia. 

lf the culture jars, prepared in the said way, are kept at 28 0 to 
30° C. then, aftel' 2 or 3 days, a floating film develops at the surface 
of the fluid, extcrnally resembling Mycoderma, but consisting of 
Azotobacte1' cltl'Oococcum, and wherein, it is true, some other species of 
small bacteria are present but not in sufficient quantity to determine 
the character of the culture. These small bacteria have greater 
want of nitrogen than Azotouacter, but lcss than the common 
saprophytic "polynitrophilous" species; they may accol'dingly be called 
"mesonitrophilous". Tbe best knowll instance of mesonitrophiii is 
Bacillus mdicicola of the tubereles on the roots of the Papilionaceae, 
but I have not succeeded to find tbis species in the crude Azotohacfel' 
accumulations. Tbc mesonitrophili relate to Azotobacter as the vinegar 
bacteria. to .J.l1ycoderma in the films which are founcl on fint 
beer, aml thC'ir volume, wh en compal'ed with that of Azofobaclel' 

1) '!'he tall.wl1tor of' Delft comes fl'011l t1l0 downs at Loosdniul'll. 
2) From pnsteurised soU atirobic oligonitrophili do not develop. 
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itsolf, is so insiguificant that at a chemicnl analysis of thc culture, 
thoy would hard1y be pcrceived. By carrying on the experiment 
with 1/2 pCt. calciumpropionate as carbon source, instead of 2 pCt. 
mannite, and with garden·soil as infection material, af ter 3 or 4 days 
Azofobactm'-films are obtained, in which microscopically no other 
hacteria at all are to be found but A. cltroococcurn on1y, and of 
which culture on solid media is necessary, iu order to dctect the 
not absolutely failing strange species. 

Besides these small bacteria are sooner or later found in the Azo
touacter-films a great number of Amoebae and Monads, sometimes 
also Infusoria. 1) 

Thc ('ommon soprophytic bacteria, such as the fl.uorescents, the 
vluious species of Aërobacter, Proteobacter, Sacc!t(trobacler, and the 
hay bacteria, are quite wanting in the Azotobacter-films, although 
their germs abound in the infection material. 

Moulds and yeast species, to~, are in the beginning totally absent, 
so that the rough culture of A. cltroococcmn can be regarded as one 
instance more of a "perfect accumulation experiment", of which I 
recently described another case. 2) 

The numbe .. of carbon compounds which can be assimilated by 
A. Ch1'Oococcum is considerable. Thus mannite can be replaced by 
2 to 10 pCt. cane-sugar, whereby, ho wever, a more slimy film is formed, 
which sooner or later sinks down. For glucose, in quantities of 2 to 
6 pCt., the same may be observed. But these two sugars, especially 
the latter, give most easily ri se to butyric-acid fermentation, which, 
by the free acid, acts injuriouely on the growth of Azotobacte1·. 
At simultaneous addition of calcicum carbonate a butyric-acid ferment
ation may first occur, which is succeeded, in the same culture, by 
the growth of an Azotobacfer-film at thc expense of the but~Tate, 

alld producing cl'ystaIs of calcium carbonate. With galactose, 
levulose and maltose, I likewise obtained magnificent Azotobacter 
cultures; galactose gives with difficulty, levulose, on the other hand, 
gives easily me to butyric-acid fermentaiion. 

1) .Amoebue feed with graat avidity on Azotobactel' itself, Hnd, ll1ultiplying very 
lupidly, cau bring about 1lI11ch ue5tl'uctioll in the culhues. They belong to different 
species, which 11180 e1lsi1y jll'opagllte 011 thc solid mediullI, fit for the pure Ctlltlu'e 
of A;;otQblwte/', Thel'eun they prudllce the pure "vei/i! ot ullloebue", free frOlu 
bncteria, described by me ut another uccasion (Centralblutt fllr Bacteriulogie Bd. 19, 
pag, 257, 1896 nud Bd, 21, !-lIg. 101, 1897) and heuce,'InIlY be ubtnined in pure 
oulture by the hele described expel'Ïment, together with Azotobacte/', Hnd be cultivuted 
with other microbes at wi1l fur nutriuumt. Brief, also for the study of Amoebne the 
.Azotoóactcl'-experiment fOl'lIls T he best shll,ting point. 

2) CelltrallJlatt f. Bauteriulogie, 20 Abt. B(l. 7, pag :l5, 1001. 
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With glycerin the experiments have a slower course; moreover only 
with solutions of 2 to [) pOt. I could obtain closed Azofobacter-films, 
whilst 10 pCt. proved to bA too concentrated. Milk-sugar is not assi
milated by Azotobacter, but quite well by the butyric-acid ferment. 
FurthArmore, the following ~uustances are assimilated with variabIe 
intensity, the first best, the lattel' with more difficulty: propionates, 
butyrates, lactates, malates, succinates, acetates and citrates. Form
iates and tartrates are not attacked at all. 

As from this list we may safely conclude, th at Azotouactel' is 
able to assimilate still various other sourees of carbon beside tbe 
here mentioned, tbe oxidising facuIty of this bactery is evidently 
developed in a great many directions, and may perhaps ~ be best 
compared to that of the fluorescents, which, ho wever ddfer from 
Azotobacter by their much greater want of nitrogen, by which they 
belong to the polynitrophili. 

The crude Azotobactel'-film obtained in the way described, consists 
at first of extremely large short-rods of cá. 4 ,u thick and 5 ft to 
7 p long, with rounded ends, and which aften have the shape Of diplo
cocci. 1) Mostly all are in rest but same specimens swim state1y 
round. Remarkable is the presence of a lateral vacuole in some 
individuals. 

The eeIl-wall is s1imy and easily yisible, or rendered visible by 
introducing some small bactery into the microscopic preparation, 
whereby the slimy coat, which in water alone is not to be seen, 
becomes distinct, as the small bacteria do not penetrate into it. At 
nutrition with mannite most individuals are filled with exceedingly 
small regularly placed drops of fat. _ 

When the cultures grow older the fl.oating film changes color 
and first becomes brown, later on sometimes even black. But this does 
not always ocenr and depends on known and unknown eircumstances, 
Thus the color changes s10wly or not at all at the direct nutrition 
with sugars, but the change can with certainty be expected when 
butyrates or propionates are used as carbon food, or, with suga l'S , 

in presence of calcium eal'bonate, and af ter previous butyric-acid 
fermentation. 

The coloring matter is not so1uble in the usual solvents as water, 
alcohol, chloroform, ether and 082, and is quite different from chromo-

1) On propionates aud acetates as SOUlCes of carbon, ulld with g,u'dell-soil 1'01' infectioll 
materi,ll, I hove in these accllmulatioll e>"pE'rimellts sometimes obtailled a mnch 
smaller fOl'Il1, which I considel' as 11 v!ll'iety of A. cltl'OOCOCClIlIb aud not os a sellllrate 
species. A secoud vllriety of d. IJltl'()()C()CCIlIlt I obtûllell t'tOlll C,llhll-water. 
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phyll. lt induccd me to choose tbe word cllJ'oococcum for the name 
of the ~pecies, 

With the chang'e of eolor tbe microscopical appearance of the 
b,wteria themselves changes also considerably. The dimensions grow 
f:lmaJler and the shape becomcs more globulous, so th at we should 
think to have comrnon, even small micrococci bufoIe us, but at the 
pal,tition these older ceUs remain united in sarcine lumps. '1.'he 
shapes of the involution forms of Azotobacter are very singular. They 
can attain gigantic dimensions, e. g. 10-15 P, and l'emind of 
amoebes and yea!';/' eells. '1.'hey are especially met with in the Azoto
bader-films of the crude cultures. 

3, Pure cultlu'e ot' Azotolxwter clt1'oococcum. 

'rhe pure culture of this species froffi the crude Hoating film is 
easily effected by streaking it off on a culture plate of the following 
composition: 

100 G1'. Destilled water. 
2 

" 
Agar. 

2 
" 

Mannite. 
0.02 

" 
K2HP04. 

The 2 pCt. agaJ' contain the other necessary mineral nutrients in 
sufficient quantity. GrowIl at 30° 0, Azotobactel' hecomus aftel' onc 
day already vÎf,ible as white, starch-like colonies, among the, for the 
greater part watery, transparent nitrophili. Though in the crude 
cultures the latter had slackened their growtb, on tbe plates they again 
acquire a considerabie development, evidently in consequence/of tbe 
presenûc of nitrogen compounds in the agar, The number of the 
Azotobactel'-coloniefl is always much smalle!' than might be expected 
from the number of germs brought on the plate) 80 that some attent
ion is necessary to find them out when still young i but later thcy 
become quite distinct. On th€' saiJ medium, if containing sufficient 
mannite) e. g. 5 to 10 pCt., the Azotobactel'-colonies can grow a 
very long time, and th€'reby attain much greater dimensioDs than 
thOBC of the nitrophili. 

Contrary to what we have seen in the crude cultures, ÁzotouacteJ' 
can develop in pure condition on the most different media. On broth 
gelatin it grows however slowly and little charactcl'istically; it 
hardly or not liquefies the g'elatin. 

Grbwn in liquids the presence of smal! quantitilJs of nitrogen com
pounds furthers cOllsidel'ahly the growth of the pure cultUJ'cs. Espe-
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cially nitratcs are e.1sily assimilated and may even be added to an 
amount of 0,1 pCt. rrhus I sometimes, but not always, saw an enor
mous growth in 

100 Gr. Tap-water 
2 to 10 

" 
1YIannite 

0.02 
" 

K2HPOl 
0.1 

" 
K NOs 

With ammonia Sellts the gl'owth of the pure cultures is slower 
than with nitrates, and the amounts which act not deleteriously, 
are slight. Still I saw a considerable devolopment in 

100 Gr. 
2 to 4 

" 0.02 " 
0.02 " 

Tap-water. 
Glucose. 
K2HP04 
(NH4}~ HPOI 

A.sparagin acts about as ammonia salts. Peptone is assimilated 
with great difficulty. 

A.fter being kept for same weeks the pure cultures, in particular 
with glucose as carbon food, grow dark brown, quite like tbe crude 
films mentioned above, and in other respeets too: they seem somewhat 
to alter their character. 1 could at least in no way produce on nutrient 
liquids, with the pure cultures, the magnifieent films which are 
obtained by the crude infeetions; the newly formed eells remaining 
constantly immersed. But I should call to mind that this is vart1y 
explained by the use of non-sterilised materials in the crllde cultures, 
which of course cannot be used in the experiments with pure 
cultures. 

The motility of this species is always restricted to a very small 
number of individuals. By this reason, as albo in consequence of the 
shmy constitution of the ceIl-wa11, the experiments to color the cilia 
had given no re sult in my laboratory. But Professor ZI!.'fTNOW at 
Ber1in, whose advice I have asked, procured me very beautiful 
preparations, from which it is certain, th at at least the great 
majority of the moving individuals, possess one polar cilium of 
nearly the same length as thc body of the microbe itself. 

4. Azotobactel' agilts. 

This species is obtained by the "accumulation experiment" de
sClibed for A. cltroococcum, with this difleronce, th at the tap-water is 
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replaced by canal-water 1), and that the infection with soil is omitted, 
as the very question is to develop the oligonitrophili present in 
the canal-water itself. Good agilis·:films are produced, when 

100 
2 
0.02 

Gr. Canal-water. 

» 

» 

Mannite 
K2HPO~ 

in a thin layer is allowed to stand for some days at 300 C. 
lt is true that glucose is much better assimllated by A. agilis 

than mannite, but it causes more easily butyric-acid fermentation, 
which should here be avoided. Nevertheless I have in same cases 
obtained I good results with glucose, and with cane-sugar also. Likewise 
when using 1/2 pOt. calcium lactate, or 1/2 pCt. calcium acetate. Even 
2 pCt. alcohol is a very gaad source of carbon, but, like the last 
mentioned organic salts, produces an agihs-:film much later than the 
different sugars. With propionates I obtained less good results, as 
therewith very numerous monads and amoebae originate, which feed 
on agilis. 

The canal-water of Delft being rich in organic matter, the addition 
of a little K2 HP04 only is mostly also sufficient to form a beautiful 
film of Azotobactel' agiUs, which however, as a matter of course, 
remains poor in bacteria material. 

The pure cultures are obtained in the same way as desrribed for 
A. clwoococcurn. The best medium is 

100 
2 
2 
0.02 

Gr. Destilled or tap-water 
" Agar 
» Glucose 
'f) K2HP04 

In the streaks, inoculated on this medium the colonies of agilis, 
always intermixed with those of many other kinds of bacteria, aOlOng 
which Azotobacter chroococcum commonly occurs, are easily recognised 
after 24 hours al ready. 

If in this latter solid medium the glucose is replaced by 1/2 pCt. 
calcium propionate and if streaks are made of the crude culture, then 
also a considerable growth follows, and around the colonies of A. 
agilis a greenish diffusion zone al'ises, reminding of the coloring 
matter of the fiuorescents. 

I 

1) l!'rom the water of the North sea I could not obtain oligonitrophili. 

l'roccedillgs Roy,tl Acad. AmstOld,ulI Vol. IU. 40 
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In the pure cultures of A.. agilis on broth agar, on broth gelatin, 
or in broth without gelatin, the gmwth is not very vigorous, but 
the motility is great. 

Tbe microscopic appearance of this bactery, in particular of the 
pure cultures on glucose-agar, is extraordinary. The large, transpar
ent, extremely motile celIs, show a wall, a smaH ('ell-nucleus, a pro
toplast with some granules hardly discernible from the nucleus, and 
of ten a very distinct vacuole. They measure ca. 5 ft or less, some·, 
times however more, and are very like small monads, or, when they 
dou't move, like small yeast-celIs. At the cell-partition in the liviug 
pJ'eparation a distinct nucleus-spindle is visible in mauF eells. 

Spores are wanting. ~ 

The cilia-coloration is difficult and did not give satisfactory results 
in my laboratory, I therefore addressed myself, as in the case of 
A. chroococcum, to Professor ZETTNOW in Berlin,_ to whom I 
sent A.. agilis, with a request for his opinion. He had the 
kindness to supply me with magnificent pl'eparations, which prove 
most convincingly that the cilia are placed in bundles at the poles. 
He thereabout writes as folIows: " ..... In Spirillen-Bouillon 1) 
war kein lndividuum, das sich nicht auf das lebhafteste bewegt 
hätte ... Nach der Art der ruhigen, wogenden, wenn auch kräftigen 
Bewegung, welche mich sehr an derjenigen kleiner Monaden 
erinnerte, hatte ich 1, resp. mehrere PolgeisseIn vermuthet, und 
diese Ansicht haben auch die Preparate aus Spirillen-Bouillon, 
in welcher die Kultur in vollstem Leben durch Formalin abgetötet 
wurde bestätigt. Es hat mir jedoch Schwierigkeit gem acht zu 
diesem Resultat zu kommen. Die 6 bis 10 am Pol, resp. beiden 
Polen befindlichen GeisseIn, legen sich nämlich meistens an der mit 
vielem stark klebendem Ectoplasma versehenen Oberfläche so an, 
dass sie scheinbar von der Seite zu entspringen scheinen." I.also 
was at first in doubt and believed to see lateral cilia, but af ter a 
minute examination of the preparations I consider Prof. ZETTNOW'S 

deseription as quite correct. 
The relation to nitrogen of A.. agilis is about the same as 

in Azotobacter clwoococcum; to oxygen, on the other hand, it is 
different, as is proved by the following experiment. 

If "respiration figures" 2) of agilis are formed in ordinary micros
cupic preparations, between object-slide and cover-glass, the most 

') Broth with the additioll of' 0.1 pC!. KN03 anti 0.1 pCt. (N:H4)2 804• 

~) For ihis terlll iu cOlllp!tre: Celltml!Jlatt fur Bacteriologie Bd. 14, pag. 827,1803. 
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strongly motile eells prove, like spirils, to be "mesoaërophilous", 
but they _aeeumulate somewhat nearer to the meniskus than spirils 
would do, so that they approach the "macroaërophilous type". When 
eontinuing to grow in the glass-room, many celIs stick to the glass 
and then display their mesoaërophilism with great distinctness. 
A. chl'oococcum, on the other hand, is macroaërophilous. 

If the canal-water cultures, with mannite or other sugars as 
carbon food, are allowed to stand for some weeks at about 180 C., 
many, but not all, are crowded with an exceedingly rieh flora and 
fauna, so that sugar solutions of 2 pCt. may literally become thick 
with mierobic life, of whieh, besides A. agilis itself, spirils and 
other bacteria form the main portion, but where amoebae and other 
protozoa too, are present in great number. 

It is a remarkable faet that oligonitrophilism can be the foundation 
of sueh a profuseness of life, if only care be taken for sufficient 
access of air. 

Chemistry. - Professor BAKHUIS ROOZEBOOM presents a paper 
of Dr. C. H. WIND: "On the in'egu la~'ities of the cadmium 
standa1'd cell." 

1. Some cadmium standard ceUs construeted in aceordance with 
the dir'ections of the Physikaliseh-Technische Reichsanstalt exhibit 
abnormal phenomena as shown by the observations made in that 
institlltion 1), and also by the researches of COREN 2) and others. 

COHEN investigated a eell made up as follows: 

Cd I dilute solution of Cd 804 I Cd-amalgam of 14.3 Ofo, 

and found in the case of two eeUs land II which had been con
strllcted in accordanee with this type a difference in EMF. In the ceU 
I it amollnted to 56 m V at 0° and to 50 m Vat 25°, with an almost 
linear slope; in ceU IJ it amounted to 51 m V at 0° and to 50 m V at 
25°, with a maximum of 52 m V at an intermediate temperature. 

COHEN assumes provisionally 3) that we are dealing here with diffe
rent ·modifications or states of equilibrium of the 14.3 per cent amalgam. 

1) W. J.Ä.GER U. R. WAOHSMUTH - Wied. Ann. 59, p. 575, 1896; W. JÄGER _ 

Wied., Allll. 1i5, p. 106, 1898; Dr. Ann. 4, p. 123, 1901. 

~) E. COHl!lN - Versl. K. A. v. W. Amst. 9, p. 125, l!lOO. 

:\) id. - L. c. p. 137. 
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In fact he found that the ceIl II af ter being cooled for tbc first time 
from 25° to 0° showed at first a higher EMF (55 m V) which gra
duaily passed into thc lower value (51 m V) and that tbe amalgam 
I showed a contraction in tbe dilatometer at 0° while the volume 
of the amalgam Ir seemed to remain constant. 

From these facts COHEN at first concluded that between 0° and 25° 
(more correctly 23°) the amaIgam I is metastable and the amalgam 
Ir stabIe. Afterwards 1) he has selm reason to modify this opinion 
and to look upon I as the stabIe and on Ir as the metastable form, 
although this would render the experience with the dilatometer rather 
obscure. 

In his arguments, COHEN starts from the supposition that the 
amalgam in both celIs had thc same quantitative composition and 
in my opinion it is questionable whether this supposition agref'S 
with the facts. I conceived a doubt about this when readi_ng JÄGER'S i) 
note on the dependence of the EMF of the ceU 

Cd-amaJgam 14.3 % I solution of Cd 804 I Od-amalgam x 

on the molecular relation x of the mercury to the cadmium in the 
ama]gam which forms the second poll:!. This research gave me an 
idea which may perhaps lead to an explanation of the irregularities 
observed. 

o 

... 0 OL 

Fillal 
value 

2. The curve (fig. 1) repres
enting the EMF of JIGER'S 
ceH in its dependence on the 

.. _--- lizitial concentration 'of the variáble 
----- va/ue amalgam pole, shows a part 

which is parallel to the axis 
of concentratiolls: the E M F 
has proved to be nil in the 
case of all ceIls with amal
gams of 6 to 14,3 % of Cd as 
second pole. 

% ~ From the phase rule it ma.y 
be concluded that the variabie 

r I" 
Fig. 1. 

amalgam pole will not have been 
homogeneous in the case of the 

1) id. - Vers!. K. A. v. W. Amst. 9, p. 363, 1900. 

2) W. JÄGER - Wied. Ann. 65, p. 106, 1898. 
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coropositions to which this horizontal part of the EMF line relates, 
but will have consisted of two phases in equilibrium. For it is 
evident from the course of the above EMF line that in the system 
Cd~amalgam I solution of Cd S041 if the cadmium content of the 
amalgam be > 14,3 or <. 6 !ler cent and the temperature, exter
nal pl'essure and stl'eugth of solution are kept constant, one of the 
variables which, along Vl'ith those above mentioned, determine 
the condition of the system must still be arbitrary; because a 
change in the cadmium eon tent of the amalgam produces a (perfectIy 
definite) change in the potential difference. Under these circumstan
ces there is therefore a complete equilibrium in the system with one 
arbitrary variabie. As there are four independent components (Cd, 
Hg, Cd S04, H20) whilst three of the quantities governing the con
dition of the system possess a previously given value, there must be 
4 + 1 - 3 = 2 phases in the system. One of those phases is the 
solution, the other is the amalgam. Between the above mentianed 
limits of cancentration the potential difference is; according to JIGER'S 

measurements, a perfectly fixed value. We are consequently dealing 
here with an equilibrium in which none of the quantities determining 
the condition of the system is arbitrarily variabie ; the number of 
phases must have iDcreased by one and the amalgam therefore have 
split up into two phases. The \concentrations of these phases will 
be the limits of concentration of tht> region of constant EMF, viz. 
about 6 and 14.3 percent. 

As far as it appears from JIGER'S communications he has not 
himself drawn these conclusions; nor is it at all sure from what he 
states that he has noticed any heterogeneities in his amalgams. 
LINDECK, ,however, states in an article a]so cited by J.Ä.GER 1): 
"Wäluend , bei A malganen mit hohem Gehalte an Metall Schichten 
mit verschiedenem spezifischem Gewicht sich manchmal abzusetzen 
scheinen, .... ". DR. E. COHEN, who does not mention anything in 
his paper about a possible splitting up into two phases, orally 
communicated to me that he considers th is by no means impossible. 

Prof. H. W. BAKHUIS ROOZEBOOM informed me that the two
phased equilibrium of cadmium amalgam, the existence of which he 
had long ago sllspected, has been proved in his laboratory in the 
course of a not yet finished research by Dr. BIJL. MOl'eover this 
research has already shown that the limits of concentration for the 
amalgams, in which that kind of equilibrium is found, are pretty 
accur,ately 6 and 14.3 percent of cadmium. 

1) S. LINDECK - "'ied. Ann. 3ü, p. 323, 1888. 
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3. H we admit the existence of two-phased eq?i1ibria in the 
cadmium amalgams, it is not difficult to suggest causes which may 
explain the singular phenomena occurring when experimenting 
with them. 

Let us flrst consider tbe phenomenon 1) observed by J.Ä.GER tbat 
the EMF of his cell wben the second amalgam pole contäined 15 
percent or more of cadmium, was nil immediaiely aftel' the construct
ion of the ceIl and arrived at its flnal value only af ter the lapse 
of several hours or even days. The explanation of this phenomenon 
offers little difficulty, especially when it is taken into consideration that 
these strong amalgams, as J.Ä.GER observes, are already ratber solid 
so th at changes in tbe distribution of tbe cadmium can take place 
but very slowly. 

It may be very well imagined tbat immediately af ter tbe con
struction of tbe cell, the amalgam poles are not quite _homogeneous 
even when their percentage of cadmium is such that the true equili
brium would con sist of one phase onlYi - further that wh~e the 
amalgam is in contact with the solution of Cd 804 some parts of 
it are particularly pOOl' in cadmium and may even .c,ontain less than 
6 percent. If this is really the case, thel:le parts of tbe surface will 
possess a greater potential value in reference to the solution thau 
the parts of the surface which are richest in cadmium. This will 
then cause electric currents in the solution from the richer parts 
of the surface to the poorer; alld these currents will withdra w cad
mium from the richel' and deposit it on the poorer parts and by 
this way soon create a condition in which, at the surface layers of the 
amalgam wbich are in contact with the solution, no ofher concen
trations occur than such as fall within the region of two-phased 
equilibria. By all this there will be, ho wever, no equilibrium as yet 
between those surface layers and the interior of the amalgam with 
its high percentage of cadmium, and cOTIsequently dlffusion will occur 
and in the long run lead to a homogeneous distribution of the cad
mium in the amalgam and to a potential difference between amalgam 
and solution as cOlTesponding to the flnal equilibrium. 

4. Tbe di:fference observed by CODEN between the t~o similarly 
constructed cells I and IJ (v. § 1) may be readily explained by 
supposing that COREN in making the cells unconsciously used portions 
of a two-phased amalgam. It is then on1y necessary to assume that 

1) L. c. p. lOB. 
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he happened to use for the reU I a mixture oÎ the two phases in 
",hieh en eh of them was present in somewhat considerabIe quantity 
and for the eeU II a mixture in whieh the phase eontaining' least 
cadmium was represented only to a small degree. Indeed if this 
supposition be true bath eells ought at the eommeneement to show the 
same EMF, but on eooling to 0° they might behave diffel'ently. 
There are again grounds in this ca8e to expect two distinet states of 
equilibrium, a provisional one, whieh is es~ablished quirkly aftel' the 
lowering of temperatul'e. and a final equilibrium, into which the 
provisional one gradually passes and whieh will continue to exist 
as long as the temperature is not again changed. For if the pole 
of the eeIl in question is a two-phased amalgam at the higher 
temperature it will af ter the fall in temperature still remain hete
rogeneous at first, while under the influence of local electric currents, 
as in the case of JÄ.GER, the potential difference whieh is established 
between the amaIgam pole and the solution will be the one eor
responding to the two-phased equilibrium of the lower temperature. 
In other words shortly aftel' the fall of temperature we may equally 
expeet in cells land II the voltage belonging to a two-phased 
amalgam pole of the new temperature. 

What will happen next, depends on the amount of cadmium in 
the amalgam pole, that is to say on the relative quantities of the 
two phases in it,and also on the shape of the curve limiting in the 
diagram of the EMF-isotherms the region of two phases (fig. 2). 

m. 

0\ \ P:~.Cd.amalg. - Pot. Cd . 
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In the Case of the amalgam pole I we have assumed that each of 
the two phases are present in not too smaU quantities 80 that tho point 
which indicates its composition on the isotherm of 25° is situated 
somewhere in PI not too near one of the limiting points. The point 
Ql on the isotherm of 0° thctt lies in the same vertical with PI may 
th en easily fall within the region of two phases; it will, ho wever, gene
rally speaking, indicate a considerable change in the ratio of the 
two phases for the final equilibrium. From this it follows first of all 
that the potential difierence cQrresponding to the final equilibrium 
at the lower temperature wiII not differ from that correspollding to 
the provisional equilibrium, so that the fin al voltage of tlte ceU will 
be the same as that shown shortly af ter the cooling. On the other 
hand, however, the final equilib1'ium will not be reached ûntil the 
corresponding ratio of the phases has been fully established in the 
mixture, a process which wIlI probabJy be a very slow one. If we 
now assume that this process is accompanied by co~ntraction, the 
dilatometric experiment of COREN with the amalgam I will be fully 
explained too. 

In the case of the amalgam pole II we ha.ve assumed that the 
phase pOOl' in cadmium was present only in a small quantity so that 
the point Pz which represents the initial compobition of this amalgam 
lies in the horizontal part of the isotherm of 25° but rather close 
to one of the limiting points. If we now suppose that here the curve 
limiting the reg ion of two pltases approaches tlte EMF-axis as tlw 
temperature fa Us,' as indicated in fig. 2, then the verticalline drawn 
through Pz may cut the isotherm of OQ somewhere in a point Qz on 
the descending branch. This point Qz gives the EMF belonging to 
the final equilibrium of the amalgam at 0° and also the nature of 
this equilibrium. lf, therefore, our suppositions are correct, this 
equilibrium must be one-phased and the Rnal EMF be lower than 
the one corr~spondiIlg to the provisional equilibrium. 

So it is quite clear why ceU lI, after cooling to 0° could at first 
show an EMF of 55 m V alld afterwards only one of 51 mV. Whether 
the limiting curve really takes the above supposed course, may be 
deeided by the experimental investigation of the two-phased region 1). 

Another peculiar fact in COHEN'S inveètigation is this. The eeU 
II, af ter having been again heated to 25° aud having shown there 
the same EMF as the eell I, when once more cooled to 00 did not 

1) Fl'om n litHe sketch forwarded to me n few days ngo by Prof. BAKHUIS ROOZEBooM 

I think I moy conclnde tllUt my ideo nbout the course of the limiting curve is correct. 



- 625 -

( 601 ) 

at first possess the EMF 55 m V, as formerly, but immediately 
showed the EMF 51 m V 1). This may be explained by assuming 
that tbe amalgam pole af ter having becorne homogeneous by the 
first cooling has remained so when tho temperature increased (its 
state of equilibrium having perbaps been "metastabie" towards the 
end), so that during the subsequent cooling there was not occasion 
for a distinct provisional equilibrium, as formerly. 

5. It appears to me that many of the phenomena observed in 
the investigation of the WES~'oN-cell in the PhysikalisClh~Technische 
Reichsanstalt which have as yet remained obscure may be explained 
in an analogous manner by the existencc of two-phased equilibria 
in tbe cadmium amalgam and by retardations in the attainment of 
the equilibria . 

.A result of some practical importance of thc above considerations 
would be, that tbe Physikalisch-Technische Reichsanstalt by altering 
their prescription for tbe construction of cadmium standard celIs 80 

as to recommend 1l0W a percentage lower than 14.3 of cadmium 
- whether this was done on sufficient theoretical grounds or not 
- have found tbe l'igbt way of insuring a ceH with a perfectly 
definite EMF, and so of making tbe cadmium element more capable 
of serving as a standard. 

Botany. - S. L. SCHOUTEN: "A pltre cultul'e of Sap1·olegniaceae". 
(Oommullicated by Prof. F . .A. F. C. WENT) . 

.A new method which I devised for making pure cultures as weIl 
of bacteria as of other mir.ro-organisms and of which a preliminary 
account nppeared in the "Handelingen van het 7de Nederl. Nat. en 
Geneesk. Congres" amoullts ef:lsentialIy to what follows. 

On a cover glass, greased with a little vaseline and then passed 
through a fiame 3 or 4 times, a drop is placed in which among 
others, the micro-organism oecurs, which we wish to breed. At a 
distance of about 2 millirnetres another drop is placed ofthe nutritive 
fluid in which we will produce the pure culture. Then the cover 
glass is laid on a moist chamber under the microscope. The right 
and left sides of this moist chamber have a horizontal slit, closed 
with oIive-oil a little thickened with sulphuret oflead paste. Through 

f 

1) E. COREN - Vers!. K. A. v. W. Aros/. 9, p. 129, 1900. 
2) L. c. p. no. 
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the slits 2 glass needies protrude, the ends of which are differently 
shaped according to the largel' or smaller siza of the micro-organism 
to be isolated. By means of a simple mechanism the neadles can 
pivot about a point of support so that their ends can touch the 
lower surface of the cover gIass. Moreover it has been made possible 
to do this in any place of tbe field. 

On tha hottom of the moist chamber a drop of water has been 
placed beforehand; hence its space is saturated with water vapour. 
This water vapour is condense_d on the lower surface of the cover 
glass and this having previously been treated with vaseline, the 
vapour is condensed as smalI, globular, non-coalescent droplets. 

Before being nsed the needies are sterilised in a way on which 
we wiII not dweIl here. -

Now suppose that we want to isolate a small micro-organism e:g. 
a, bacterium. With the strongest magnification (oil-immersion) the 
edge of the drop, containing the bacteria, is examined. When the 
bacterium has been found, the needIe on the right is moved up
wards, so that it reaches the drop close to the bacterium. Now the 
whole of the moist chamber is moved to the left; to this end it is 
held in a movable object-stage. Ey this movement the bacterium 
together with a very sm all drop, will be extraded from tbe large 
drop. The moist cbamber is steadily moved to tbe left until the 
small drop with the bacterium in it has come quite near tbe big 
drop of nutritive fiuid in wbich the pure culture is to be bred. 
Now the needie on the right is moved downwards; one makes sure 
for the last time th at no more than that one bacterium has been 
isolated and then the bacterium and the little drop are -carried _with 
the needie on the left into the edge of the big drop in which it is 
to multipIy. The cover glass is then placed on an ordinary moist 
chamber and allowed to remain for 24 hours at the required tem
perature. It will appear that in that time a colony has formed at 
the edge of the drop which may again be examined with the 
strongest magnification. Bacteria are isolated with a straight, fine
pointed needIe. 

Larger bacteria e.g. threadshaped ones and other micro·organisms 
of average size are isolated with a fine inoculating eye j for the 
largest micro-organisms (sueh as spores, conidia, zoospores of 
mouidB and algae, myxomycetes, infusoria, yeast-cells, etc.) a 'coarse 
open inoculating eye is used. In the latter case we isolate with 
a fee bIer magnification and only cont1'ol what has been isolated 
with the strongest magnification. AIso in this case the isolated ceIl 
is on its way passed through a drop in order to remove any 
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bacteria th at may accompany it. This drop should be placed 
bet ween the two others. 

I will not dweIl on the technical detaiis of the preparation of 
the needJes, on the question why two needles are used, etc. Here I 
will only give some information about an application of this method, 
viz. about pure cultures of Sapl'olegniaceae. These living for the 
gTeater part saprophyticaJly, occur mostly in water, teeming with 
bacteria. Bere we have a case in which it is a great advantage 
to possess a method through which we - can isolate under the 
mieroscope a single eell (in our oase a zoospore) which is not cont
aminated with bacteria. 

A zoospore of Achlya spec. was isolated in au iufusion of weevilsj 
aftel' 24 hours it proved to have gel'minated into a mycelium, 
occupying nearly the whole drop. This drop with the mycelium 
was transferred into a tube containing weevil-broth and from this 
culLure inoculations were made on various nutrient materials as 
weevil-broth with gelatine or agar, pease-water, glucose-peptone 
(gl ucose 5 percent, peptone % percent. potassium phosphate 1/10 per
cent, magnesium sulphate 1/20 pel'\~ent), the same with gelatine or 
agar, rice, albumen. Less suitable were LÖFFLER'S gelatine-broth 
and agar-broth. 

Very little beillg known about the physiology of nutrition of 
moulds, living on animal substrata, same points relating to this 
subject were investigated with Achlya, the more sa since the methad 
applied with the same purpose by KLEBS 1) on Saprolegniaeeae, is 
open to objections. 

In order to find out which nitrogenous food is most advantageous 
for the mould, a number of Hasks were provided with a fl.uid, con
sisting of 5 percent commercial glucose 1/10 percent pot. phosphate 
and 1/20 percent magn. sulphate nnd sa containing all elements 
excepting N. Then the N-eontaining food was added to these Hasks, 
a different one to each. To one Hask nothing was added. From an 
experiment of this kind it appeared that sodium nitrite, potassium 
nitrate and urea were not used as food; the first even acted as a 
poison. Asparagine was a bad food, amm. sulphate was better, lastly 
peptone was by far the best. 

In a similar way the nutritive value of various C-contajning 
subf.>tances was inveRtigated. Here aU the Hasks were provided with 
a Huid, consisting of % percent amm. sulpbate (peptone could not 

1) Jnhrb. für Wiss. Bot. XXXIII pag. 517. 
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be used as an N-source, as it also contains C.) 1/10 percent pot. 
phosphate and 1/20 percent magll. sulphate. The result was tbat 
potato·starch was the best C-food; much less good was maltose and 
then came in descending order milk·sugar, commercial glucose, syrup 
of laevulose, cane sugar. Pot. citl'ate, pot. tartrate, sod. benzoate, 
sod. butyrate, pot. acetate were not used as food. The last th ree 
substances even acted more or less as poisons. Peptone appeared to 
be both a C- and an N -food. From the group of fats Arachis-oil 
was chosen for determining its -nutritive value. It was not used as 
food however. 

In glucl.lse-peptone the mould rauses acid reaction. Bred in anaërobic 
conditions in the same fl.uid (by BUCHNER'S method) it farms alcohol. 
Jj'rom ~mylum (e. g.)n cultures on rice) it forms sllgar, -dextrine 
appearing as an intE'rmediate product. This is clearly shown when 
anc follows the auxanographie method of BEIJERINOK-yvIJSMA.N. An 
agar-plate, containing 1/2 percent of soluble amylum, is inoculated 
in the middle with a bit of mycelium. Af ter about 2 days the plate 
is almost entirely overgrown. A diluted solution of iodine is then 
poured out over it; that part where the mould has not yet entered 
or where it is just entering, turns blue; inside the blue one sees 
a violet-red zone and the large middle part remains colourless. 

'Ihe fact that the mould liquefies gelatine, made it pro ba bie that 
a pl'oteolytie enzyme would be serreted. The rate at whieh this enzyme 
acts and the circumstances under Wllich it is produced, were inves
tigated a little more cl08ely. 

At fil'St the method, given by FERMI1), was followed. In this 
method a mixture of 100 e.c. water, 7 grámmes of gelatine and 1 
gr. of phenol, is poured into ordinary test-tubes. Aftel' cooling, 2 
percent of phenol is added to the liquid the proteolytie enzyme of 
whirh one wants to study. Instead of phenol thymol is a]so pre
scribeu as an antiseptic, otherwise toluene, sodium arsenite etc. One 
now sees whether the gelatine is liquefied and how soon this takes 
pI ace. With not very quickly acting enzymes one may have to wait 
for many days and sometimes weeks before any effect is seen. 

'l'herefore FERMI'S method was modified in su eh a way that the 
results become visilJle as soon as possible. 1'0 this end one takes 
water saturated with thymol and adds to it 7% percent of gelatine 
and so much pounded cinnabar that the liquid looks thoroughly red. 
This mixture is poured into test-tubes, 5 c.c. into each. When the 

1) Arch. f. Hyg. XII, 240. 
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gelatine bas solidified tbe tubes are put in a beaker of water, kept 
at 40° C. The gelatine having melted, the tubes are held for ten 
seconds in a slanting position under a fan-shaped jet from the 
water-con duit, wbich surrounds all the gelatine at once. By this 
bath of 10 seconns' duration the gelatine does not become solid but 
viscous. If the tube is thereupon placed vertically, a thin film, of 
very nearly semi-elliptic form, will remain behind on the wall above 
the surface of the gelatine. After having cooled, these test-tubes 
can be filled in the ordinary manner with the fluids we wish to 
study, with the aduition of a little bit of thymol. 

The aim of this method is, to bring the enzyme into contact with 
as large a gelatine-surface as possible. Besides, the gelatine being 
spread in a very thin layer, it can rapidly be dissolved. By the red 
colour the liquefaction is sooner observed. The way in which these 
tubes are prepared, warrants us that the thin layer has the same 
thickness in all tbe tubes, wbich renders a comparative study possible. 
When the thin film has liquefied, we can by means of tbe rest of 
tbe gelatine at the bottom of the tube, control the action of the 
enzyme during longer periods, as weIl as in the oId methoà. 

With tbis modified method and at the same time with the old 
one, the qu~sti(\n was studied whether the mould secretes proteolytic 
enzymes in a nutrient medium of 5 percent albumen in water 
and in one of glucose-peptone. In both cases tbe liquid from the 
culture-flask was used after simple filtration and also a filtered watery 
infusion of the mycelium crushed with glass-powder. 

At 9 o'clock in the evening the experiment was started. The 
resuIt was already clearly visible tbe next morning, that is af ter 
12 bours: the thin red layer had almost entirely disappeared in the 
liquid, obtained from the squeezed mycelium of the albumen-culture 
and also in the cuIture-fluid itself; in two similar liquids, obtained 
from the glucose-peptone culture, the red layer had not yet been 
noticeably attacked, but only disappeared af ter 21/ 2 days. With the 
oid method no effect was visibie after 3 days. 

A.lso during a longer period the action of the enzyme was 
observed. Af ter 20 days the amount of liquefied gelatine was: 

in the albumen-culture liquid 1.75 cc. 

» " " " " 
(squeezed mould) 1.55 

" 
" "'I glucose-peptone-culture liquid 1.10 

" 
" " " " " 

,. (squcezed mould) 1.00 
" 
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So we see from thikl, in accordance with wbat already- appeared 
from the vanishing of the thin layer, that the enzyme of the albumen
culture acts more energetically than that of the glucose-peptone cul
ture and in both ('ases we see that the liquid obtained from the 
squeezed mould-threads contains a less active enzyme thàn the liquid 
in which the culture has developed. The enzyme further proved to 
act in the presence of acid as weIl as of alkali. 

Observations were also made as to whether the Inould can, by 
secreting an enzyme, split up fats into glycerine and free fatty acids. 
In the culture-flasks a little litmus solution was put, wbich showed 
a neutral tint and which accordingly would turn red if such a split
ting up took place. The fat chosen was Arachis-oil, which_however 
appeared not to be split up. 

It is generally assumed that Saprolegniaceae live saprophytically 
on animal and vegetable substances, but that they prefer the former. 
SUl'ely the widely known method for obtaining material of Saproleg
niaeeae (viz. by throwing weevils or fIies into a trough of ditch
water) is one of the eauses of this opinion. From the preceding 
investigations it appeals however that we may safely assume vegetabie 
substrata to be at least as advantageous as animal ones. The use 
of anima} substrata for obtaining material tinds a probable explana
tion in the fact that there are relatively few moulds, whieb live 
saprophytieally on animais, so tbat other undesirable fungi will not 
easily develop on those animais. 

(April 23, 1901). 



- 631 -

KO:NINKLIJKE AKADEMIE VAN WETENSCHAPPEN 
TE A~ISTERDA~I. 

PROCEEDINGS OF THE MEETING 

of Saturday April 20, 1901. 

--------~.~~~.-------

(Translatcd from: Verslng van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 20 April 1901, DI. IX). 

CONTUNTS: Prof. H. A. LORBNTz: "BOLTZ~!ANN'S and WIEN'S La\\'s of radiation", p. 607. -
Prof. H. KAMERLINGII ONNES nnd H. H. FRANCIS HYND~!AN: "lsothcl'mals ofdiatomic 
gases Itnd their binal'y mixturcs. I. ]'iezometers of variabie volume for low 'tempcra
tUl'CS", p. 621, (with 2 pIntes). - Prof. H. KAMERLINGII ONNES: "On DE HEEN'S 
cxpcl'imcnts nbout the critical state", p. 628. - Prof. J. D. VAN DER WAALS: "The 
cquation of state and thc thcory ofcyclic motwn" III, p. 643. - Prof. J. L. C. SCIIROlliDER 
VAN DER KOLK: "On hnrdness in minernIs in connection with clcavage" p. 655. -
Prof. J. C. KAPTEYN: "On thc lnminosity of the fixed stars", p. 658. - H. D. 
BEYERMAN: "011 thc inBucnce upon respimtion of thc furadic stimul!ttion of nerve 
tmcts passing Ihl'Ough the interlllÜ cJ.psula", (Communicated hy Prof. C. WINKLER). 
(with 1 plate) p. 689. - Prof. H. KAMURLlNGII ONNES: "On diffcrcnces of density in 
tltc ncighbourhood of the Clitica! statc Ul'lsillg from diffct'ences of temperaturen. 
p. 691. - Prof. JAN m: VRIES: "Involutions on a curve of older four with triple 
point". p. 696. - Dl'. F. A. H. SCIIREINEMAKERS: "Notes on equilibria in tel'nary 
systcms", (Communicutcd by Prof. J. M. VAN B~MMELUN), p. i01. - DI'. P. K. LULOFS: 
"Substitutioll vcIocity in the cuse of ul'omatic hulogen-nitl'odcl'ivatives", (ComOluni
catcd by l'rof. C. A. LOBRY DE BRIlYN), p. 715. - DI'. A. S~IlTS: "On tlte pl'ogrcssive 
change of the fuctol' i as functi'ln of the concentration". (CoOlmunicated by Prof. 
H. W. BAKllUIS ROOZI;BOOM), p. 71i • 

rhe following paperl3 were read: • 

Physics. - Prof. H. A. LORENTZ: "BOLTZMANN'S alld WIEN'S 

Laws of Radiation." 
(Read l!'ebl'uary 23, 1901) 

'rhe theoretical proof of the laws, to which BOL'l'ZMANN 1) and 
WIEN 2) have been led by the applicatioll of thel'modYllamics to the 
phcnomena of mdiatioll may be made ta depelld directlyon the 
equatians of the electromagnetic field, a method which has the 

1 11 ..... 
) llOL1'ZUANN, Wwd. Ann. Bd. 22, p. 2\)1 j 1884,. 

2) WIm" llerliuer Sitz. lJel'ichte, 1~93, p. 55. 

41 
l'l'oceedings 110yll1 Aoad. AmstorUtllll. Vol. UI. 
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advantage that the notion of "rays" of light and heat-is a]most 
wholly avoided. 

§ 1. Let us eonsiuer a space, enelosed by walls that are per
feetly reflecting on the inside, and eontainillg a ponderable_body M, 
the remaining part being oeeupied by aether. In tbis medium we 
shall then have a state of radiation, the nature of whieh is determined 
by the temperature T of the body ..LY; in vü'tue of this state the 
aetber wilt exert on the refléeting wa lIs a certain pressure, the 
amount of which for unit area we sball denote by p. Let v be 
the volume within the enclosure. It may be eularged or diminished 
by a displacement of the walls. We shall aIso suppose that by 
some means or other heat may be imparted to the body M. 

Now, ehoosing v and T as independent variables, and denoting 
by E the energy of the whole system, \\'e shall have 

aE ,,(aE ) 
dQ = o.7,d.7 + OV + p dv 

for the heat that is J'oquil'ed for thc infinitesimal change, determilled 

hy dT and dv, and, by the rule that d'1~ is an exact diffel'ential, 

OE _ Tap 
ov + p- 01'° 

Here thc fil'st term l'ppl'c:-;enhl the enorgy of tho aethcr per unit 
volume, which we t:;hall call U.' lndeed, if we increase the volume 
v, keeping the temperatul'e constant, the ponderabIe body willremain 
in thc samo state (the pressure p cxel'ted on this body by the sur
rounding aether will not be aJterod, being a function of T alone) ; 
the illcrement of f will thcl'efore be the enel'gy contained in the 
new part that is addcd to v. Henoe 

u+ ",dp 
P = J. d'l'" • • • • • • • (1) 

the last term cOl1tainiug' all ordinary differel1tial coefficient, because 
p is independent of v. 
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§ 2. We sllaH combine this result with tbe simple relation 

1 
p=-u 

3 
• • • • • (2) 

wbich we now proceed to prove. To this effect we remember in 
the first pI ace that tbe energy per unit volume is gi ven by 1) 

We shall therefore write 

_ 1-
(J = 2 n V2 b2 + 8 n .p2, . • • • • • (3) 

the horizontal bars indicating mean valnes with respect to plaee 
and time, which we might calculate by computing in tbe first place 
the mean values for all points of a certain space, and by taking 
then, for a certain lapse of time, thc mean of these space-means. 
In this it is to be understood that the dimensions of the space in 
question and the length of the lapse of time have to be large, as 
compared with the wave-length and the time of vibration. 

1f we confine ourselves to such mean values, the forces acting on 
the walls may be regarded as due to a state of stress in the aether. 
Ir a, (i and rare the dil'ection-cosines of the normal n of an 
element of surface, the first component of the stress on this element 
will be 

i.e., this wiJl be the force in the direction of OX, exerted by the 
part of the medium which lies on the side of the element, indicated 
hy the normal n. 

Now, the state of radiation we are considering has the same 
properties in all directions. From this it follows that there are no 
tangential stresses and that tbe normal stress is tbe same for aU 
directions of the element of surface. It is given hy 

1) The notation is tbe sUlUe as in my ) Versueh einer 'l'heorie der eleotrisohen und 
optisehell Erseheinungeu in bewegten Kórpern", from whieh lIlemoir I luwe also 
borrowed several formu!ae. 

41* 
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But, in an isotl'opic state, 

~rhcrcforo: 

and 
2 _ 1_ 

XJ., = --11: V2 tl2 __ - .~2. 
3 2411: 

In comparing this formuIa, in which the nogative slgn indicatos 
a pl'essltJ'e, with (3), wc arl'ive at tho relatioll (2). 

In virtue of this the equation (1) now t,tkes the form: 

rl
dU 

4 U= '1 dl" 

alld so we finu the Lnv, cnUlwiated hy BOLTZl\UNN, that thc enelgy 
U per unit volume is pl'oportional to the fOUl,th power of Ihe 
absolute temperature. 

-
§ 3. If the volume v is illcroascd, thc system will do an extcl'IHtI 

work and tt larger volume of aethel' will be fiUed with the 
energy of radiation; for uoth rcasons the tcmperature of the 
body ]1 will sink, if the operatioll is conducted adiabatically. We 
mayalso, bcfore inclCclsing the volume, remove thc body lJ[ i in 
this case wc e,tart from a volume v of aether in the particu]ar state 
of radiation tlw.t corresponds to thc tempemtul'c T, and we get new 
statcs by letting the wallR recede with a vclocity which we s11a11 
8uppose to be cxtremcly small in comparison with the velocity of 
light. Now '\V1EN has shown in the first place, by a train of 
thermodyna.mical reasoning, that these new states, of smaller energy
density thJ.ll tbc original one, are. precisely such as can be in 
equiliblÎum '" ith panderabIe bodies of temperature& lawel' than T. 
Using BOUfZMANN'S luw, W~ may express this as follows: After 
having diminishe<l, by mcans of au ndiabatic expallsion, the eneIgy 
pOl' unit volumo fiom U to U', wc shall have arrived at a state 
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of radiation Wllich may be in equilibrium with a pondemble body 
of the temperatul'e 

1
4/"Ti'" 

T'=TV -. 
U 

This theorem, which I shaH hore admit without fUl'thel' discussion, 
pnables us to detel'mine the relation bet ween the states of radiatioll 
corresponding to the temperatures Tand T'. For this pur pose it 
will only be neceósary to compare the states of the aethel' before 
and aftel' the expansion. rrhis is the second part of the proof given 
by WIEN, and it is this part wc shaH present in a modified form 
by applying the weil known equations of the electromagnetic field 
to the phenomena. lD the aetller within the receding walls. If w(' 
suppose the expanding enelOBure to remaln geometrirally similar to 
itself, the problem may be treaied by the introduction of a suitable 
set of new variables. In seeking for these, I have kept in mind tbe 
substitutions that had proved of use in the theory of aberration, a 
theory in which we have hkewise to do with moving ponderabIe 
bodies. Of course there is a difference between th(> two cases; in 
thc problem of aberration the velocity is the same for all bodies 
concerned, whereas, in the question now under considemtion, it is 
unequal for different points of the enclosures. 

§ 4. I shaH suppose the dilatation of the walls to be equal in 
all directions, and ta have the same amount in cqua.l infinitcly smaH 
times. This may be expressed by assuming 

x = x' e at, y = y' e at, Z = z' e at, . • . . (4) 

with a constant value of a, as the relation between the coordinates 
x, y, z of a point of the walls at time t, and the coordinatos 
x', y', z' of tho same point at the instant t = 0, at which wo 
begin ta consider tho phenomena. Indeed, the velocities are by (4) 

ax, ay, aZj • • • •• . (5) 

during the time d t the linear dimcnsiolls will thm cforc be changcd 
in thc ratio of 1 to 1 + adt. 

As to thc constant a, we shaH take iL sa small thnt the vclocities 
(5) are extrcmcly small in comparison with thc yelocity of light. 
Notwithstanding this -we may, by ~uffici(,lltly increasing t, assign to 
thc factor eat any value we likc. 
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Af ter havillg assumec1 for the walls the f01'lllUlae (4), it is natural 
to replace the coordinates x, y, z of ally point of the enclosed space 
by the new varia bles 

al' = x e-at, V' ::: ve-at, ::/ = ze-at, • . • (6) 

The fourth innependent variable, tho time t, will likewise be 
replaced by a new one. For tbis we take 1) 

Tbe dependent variables which occnr in the equations of the 
eJectromagnetic field are now to be considel'ed 8S functions of 
x', y', 2', t'. In doing so, we have to use the relations 

o ê1 _=e-at _ 
ax ax' 
o 0 -=e-at -

OV ov' 

a 0 -=e-at -
O.z oz' 

ax 0 
v~ e -at ot" 

av 0 
v~ e -at ot" 

az a --e-at _ 
V2 ot" 

o [a2 
] a - = e -al 1 + __ (x2 + y2 + z2) __ at 2 V2 at' 

a a a 
- aJ: e-at _ - ay e-at -, - az e-at -. 

OJ" ag az' 

(8) 

(9) 

The val'iables which serve to detcrmino thc state of the aetber 
are ha. by, ti::, -9a. -9?J' .~::. We sha11 l'cplace these by the qUèmtities 
b'~, b'y, b'z, -9':t, -9'", SJ:', which are defined by the following equations 2) 

\ 

1) As regards the bilt term, tllis vnJue of t' is fin imÎtation of the expression for 
the "leea1 time", whicll I have intJodllccd into the theol'y of nberrntion (1. c. p. 49). 

2) 'l'he latter telms in these equtltiol1s conespollcl to similal' tc.llllS in the E'qllotiollS 
of the theory of abet'rolÏon. 
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, a ( 
bx =e-2at b x - 411: V2 y{>z-z'!?y), 

1 a ) by = e- 2at by - --2 (z.pa; - x {>z, 
411: V 

.!?x = e- 2 at .p:x + 4 11: a (y bz - Z bY)'~ 

.py = e- 2at .py + 411: a (z ba. - x b.:), 

.pz = e- 2 at {>';:: + 4 n a (x by - Y bx). 

• • • (10) 

• • • • (11) 

It must be kept in mind that tbe coefficiont a is very smal!. 
Let l be the largest value of any dimension of tbe system dUIing 
tbe interval of time we wisb to consider. Tben, by our assumptioll, 

al 

V 

axayaz. 
bas a very smaH value x; evidently, V' V' V W1U be of tbe same 

order of magnitude. Hence, if we neglect quantities whicb, compared 
with other terms in the same equation, are of the order ,,2, we 
may omit in (9) the term containing a2• By this, the relation 
becomes 

a a a 0 a - = e -at -- all! e-at - - ay e-at - - az e-at -. • • (9') at at' a.c' oy' az' 

We may add that for vibratory disturbanoes of the natural state 
. 0 0 a 1 a 

of the aether, the opel'CttJons ox' oy! OZ are comparable to V at ' 
ns regards the order of magnitude of the l'esult, and that {> is of 
tbe same order as Vb. From this it followR that, in tbe equations 
(8), (9'), (10) nnd (11), nll terms rontnining the factor a are of the 
order x, relatively to the tel'ms in wbioh a does not occur. Similarly, 
attentive oonsideration of the formulae that wiU be decluced in tho 
next artiele shows that, in comparison with the terms without 
a, all those which contain the fantor a2 are of the order ,,2. Wo 
shal1 therefore neglect all terms in which a2 appears. 
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§ 5. The Brst equation of motion is: 

o.pz _ o.py __ 4 ".,. Obx• ( ,. ••••••• 12) oy oz ot 

Putting for .py aDd .pz the values (11), we find for its left-hand 
side: 

( 
ODx obz- ) 

- 4rca z--a;- + bx • oz az 

Since 

obx + oby + ob", = 0, 
ox oy oz 

wo may a180 write for it 

(
o.p';: o.p'y) (ODX obx Obx) 

e- 2at ----- -8rcabx-4rca x - +y- +z- , 
DY az ax oy oz 

and, if we neglect terms with aZ, 

(
a.p'z o'~'ZJ) e- 2at - - ---.:!.. _ 8 na e- 2 at b'x-oy oz 

ob'x ob'x Ob'x) 
-4nae-aat(x-+v-+z- . ... (13) ox' oy' oz' 

Again, using tho same simplification, 

o 0 az 0 _-o-at ___ _ 

OZ - oz' V 2 ot' 

a.p'., _ a.p'IJ = e- at (a.p'z _ a'~'!I) _ ~ (1 a·D':: _ z O.p'y ) 
oy oz oy' oZ' V2 Y ot ot' 
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'1 ",' '1 If..'z 
In the last term of this equation, o~.lJ and o~~ may be replaeed 

by e2at °a~Y and e2at o~z , as appears from (11). The expression 

(13) therefore beeomes 

e-3at (O~'z _ a~'y) _ ~(y aJ);,: -z a~!I) _ 
ay' oz' V2 at at 

, (ab'x ob'x ob'x ) -8nae- 2at b:r-4nae- 3rrl ,1'--+V--+z-- . (14) 
ax' aV' az' 

The right-hand side of (12) is, by (10), 

, ob/z a (a~;,: a~11 ) 
- 8 nae- 2rrt ba. + 4ne- 2nt ---- y---z--' at V2 at at' 

or, if (9') is taken into account, 

8 2 bI 4 a b'x - nar at x+ ne- 3nt---
at' 

(
ab/x ab/x ab/ot" ) 

- 4nae- 3nt x--+y--+z-- -, ax' oy' az' 

_ ~(11 O~z _.,. a.py ) 
V2 iJ at - at .. . . (15) 

Finally we shall find, instead of (12), af ter division by e- 3at , 
\ 

'rhe other equations may be treated in the same way and all 
l'elations between the new variables will be found to be of the samo 
farm as those between the ol'iginal ones. 

§ 6. We have a,]so to attend to the -snrfaee conditions at tlJ€l 
walls. These lat tel' wiJl be perfectly J'cflecting, if made of a Bubstanee 
of infinite specifie inductive capacity, and then, if the wall is at rest, 
the tangential eompanents of the dieleetric displacement in the 
adjacent nethel' will bo zero. Thol'efore, if 
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F (a!, y, z) = 0 . • • • . • . (16) 

is the eqnation of tho wall, we sha11 have 

aF aF aF 
bx : bll : bz = a$ : ay : äZ' . . . . . (17) 

In examining the phenomena of aberration, I have had ocrasion 
to consider the conditions that have to be fulfilled at the surface 
of separation of two bodies. These latter were supposed to move 
with a commOll velocity p, and it was found that all equations, 
the surface conditions as weIl as those for the interior of thc bodies, 
might, by an appropriate choice of new variables, be reduced to the 
form that holds in the case of bodies at rest. Instead of the 
diclectrw displacemont with tho compollcnts 

• • • • . . (18) 

a now vector with the components 

• • • (19) 

was introduced. Rence, it WiJl be this new vector, wbose tangential 
components must valllsb at a moving perfectly reflecting surface. 

Let us apply this rule to an element of the walls of thc expand~ 
ing enclosure. The velocity-components Pa., Py, p;: must now bo 
replaced by ct x, a y, a z. Using at thc same time the formulae (10), 
we find for tbe expressions (19) 

It thus appears that thc vectut 

e- 2at b' 

must be perpendicnlar to tbe walI. The vector b' must be so 
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likewÎse, so tb at, if at any moment 

F' (x, y, z) = 0 

is the equation of the walls, we shall have 

bI • b' • b' x. Y' z 
aF' aF' aF' 

= ax : Oy: az . . . . . (20) 

Now, if at the instant t -= 0, the walls eoincide with the surfaee 
determined by (16), thc equation at any later time will be 

F (x', y', z') = 0, 

where 
x' = x e- a t, y' = y e- at, z' = z e- at, 

agreeing with (4). Thus: 

F' (x, y,'z) = F(x',y', z'), 

and, if we differentiate for a constant t, 

BO that tbe surface conditions become 

b' , b' aF aF aF 21) 
x:b y : z=-a':-a':;-;" .... ( 

J) '!I uZ 

On the right-hand side of this formula, x', y', z' occur in exactly 
the same manner as x, y, z in the formula (17). 

§ 7. If the enclosure were permanently in the position it occu
pies at the time t = 0, b:t, by, ti .. , .Px, .\?y, .\?Z would be ('ertain 
functions of x, y, z, t, say 

bx = PI (.T, y, z, t), .p,. = Xl (x, y, z, t), etc.;. • (22) 

I 
these will satisfy both the equations of the field and the surface 
conditions (17). 
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Now, from all that has been smd, it appears that the values 

b'x = CPI (al, y', <r', t'), {>'/,' = Xl (x', y', z', t'), etc •.•. (23) 

wil! be a solution of tbc equations of the field, taken conjointly 
with the eonditions (21), we have found for the reeeding walls. 
We have thus got expressioDs reprcsenting the state of the aetbel' 
during the expansion. 

Now, we shall espeeial1y eon si der 1he state of things, existing at 
the moment whcn tbe dimensions have beeome 

eat = Ic 

times what they were originally. A definite value of this coeffieient 
k may be reaehcd in a shorter or a longer time, this depending on 
tbe value of a. We sball however cOTIsider tbc limit to whieh thc 
state of tbe aethe1' tonds, if, while we keep k fixed, t is eontinually 
inercased and a eOlltinually diminished. By (10) and (11) wo shall 
have ultimately 

b' ~' 
b = 2' alld .p= - j k 1.2 

therefore, at the limit, 

1 ( x Y Z I ) 1 ( .r y Z ,) 
bx = Jc2 cp} k' k'k' t ,.px = Ic2;(1 Ic' Ic' k' t ,etc. (24) 

As to the variabIe t', it is related to t in a somewhat eomplirated 
manner j the relation bet ween thc differentials takes ho wever the 
simple form 

1 
dt' = -dt. 

lc 

It is easily seen that the function (24) wHl satisfy the surfacc 
conditions sueh as they are for walls that are kept at rest. This 
is what we might have expected. By suffieiently diminishing tbc 
velocity of the wa]]s, we make the system pass through a series 
of succossive sta.tes tbat may, eaeh of thcm, be l'ega rded as a statc 
of equilibl i Ull1. By WIEN'S principle (§ 3) we knowalready that 
eaeh of these states might continue ta E'xist if tho enclosure contained 
a ponderabIe body of a definite temperatule. 
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Thc series start:; with the state (22), with whieh (24) coincidcs 
if Ic = 1; it then passes to increasing values of Ic. 

We shall donote by T the tempcrature of a ponderabIe body that 
may be in equilibrium with (22), and by rp' the corresponding 
temperature for (24). 

§ 8. Let us DOW compare the states (22) and (24). At fil'st sight 
there is a difficulty in as much flS the variables t nnd t' have 
wjdely different values. It is to be borne in mind, however, that the 
state (22) is a stational'y one; i. e. all pal'ticulars that may be 
deduced from observation are independent of the time t. 

We may therefol'e begin by choosing the instant for which we 
wish to consider the state (24) i a definite value having in this way 
been assigned to t', we may giye an equal value to the time t in 
(22). In other words, we bhall compure thc quantities (24) with 
the values 

bt = r{lJ (.r, y, ::, t'), 'P.1. = /.} (.r, y, z, t'). etc.,. • • (25) 

the latter f:,tate existing in ft cel'tain space S, anel the former in a 
space S, whosc dimenbions me k times as great. 

The yalues of band Sd in corresponding' point':. of /:) and S' are 
1 . 

to each other as 1 to k2 ' and thc cnelgy per Ulllt volume wIlI be 

in (24) Ir} times smaller than III (25). lIcDce, remembering BOL'fZ

MANN'S law, 

l' 
'1."- -

- k' . • (26) 

In examllllDg the phenomena, represented by (25), it may be 
convenient to decompose, by means of FOURIER'S theot'em, or other
wise, the values (25) into fUllctions of X,?}, z of a less complicated 
form. After having aecomplÎished sueh a decomposition for (25), a 
similar development of (24) may at once be written down. For 
instance, if 

lIJl (.'!', y, z, t') 

IS one of tho parts of b~ in (25), thc corre~pollding part in (24) 
wiJl be 

1 ( J; !J Z ,) 

k2 1/-'1 k' k' k' t • 
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There is also a simple relation between the space-variations in 
the two cases. Let P Q and P' Q' be corresponding lines in S and 
S'. Then, if we denote by 'YJ one of the components of b or ~, and 
by IIp, 'Y/o.l YJp'l YJo.' its values in tbe points considered, we sball 
have 

170. - 'Y/p _ 170.' - 'Y/p, • - , 
'Y/p 'YJp' 

1. e. the relative val'iations along corresponding lines will be equal. 
From this it is immediately seen that, if one of the parts into 

which we have decomposed (25) is eharacterized by a definite wave
length l, the corresponding part of (24) will have a wave-length 

l' = kl. 

Therefore 
l: l' = 1" : 1~ • • • • • • • • (27) 

i. e. conespondillg wave-Iengths in the two states are to each other 
in the inverse ratio of the tomperatures. 

vVo Jlave already spoken of the ratio between the values of the 
energy per unit volume. We mayadel that this ratio, equal to th at 
of tho fourth powers of tbe temperatures, does not only hold for the 
rcally existing states of motion, but also for the parts into which 
these may be decomposed in the way that has been inc1icated. If, 
in the state corresponding to tbe temperature :P, thore is a certain 
amount of energy u per unit volume, dependillg on the vibrations 
wboso wave-lengths lie bet ween certain limits, and if, in the 
state fol' w hich the tem perature is T', u' is the ellCl'gy per unit 
volume due to the vibrations of cOlTesponding wave-lengths, we 
shall have 

rrhis equation, taken together with (27), is the expression of the 
Jaw of WIEN. 
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Physics. - Dl'. KAlIIERLINGH ONNES and H. IJ. FUANOIS HYND11A.N : 
rJsothermals of diatomic gases anel t1wir bina'i'Y mixt2tres. 
1. Piezometers of variable volume for lozo temperatures." 
(Communications fl'om the Pbysical Laboratory at the Uni
yersity of Leiden. No. 69.) 

(l{ead March 30, 1901). 

§ 1. On theoretical g'l'ounds, for accurate measul'ements on the 
isotherl11als of pure gases and their binary mixtures, we should have 
preferred to use l110natomic gases alone since results obtained from 
them would certainly be the most important. 

Unfortullately of the three 1lI0natomic ga::>es available fol' this 
kind of work i. e. He, A, lig, the two first are costlyand the latter 
has a critical \ tel11perature so high that the research would offer 
great experimental difficuIties. -

From these we naturally turn to the next group, that of thc 
diatomic gases. Very complete researches on these gases have been 
made at temperatures above 0° C. and with pressures up to 3000 At. 
especially by AlfAGAT. At low temperatures however no data exist 
with the exception of two pioneer researches by v. WROllLEWSKI 1) 
on Hydrogen down to - 1800 C. and by WrfKowsKI 2) on air 
down to - 145° C. 

'rhe series of experiments which wc now considel' has been befare 
alluded to in Comm. No. 14 p. 4, 1894 anel Oomm. No. 50 p 4, 
1899 and has been kept in view in the arrangement of the cryogellic 
laboratory with its al1xiliary apparatus as weU as for the standard 
manometers. (Col11ms. 44 alld 50.) 

In order to obtaill the required data two mothods present them
selves. In the first a constant volume is filled at a constant 
measurable temperature and pressure by cOl11pressed gas which is 
afterwards expanded so that its volume ean be obtained under 
llorl11al conditions. This method has been used by REONAULT, 
v. WROBLEWSICI alld WI'l'KOWSICI and where the purity of the gas 
is not of' the greatest importauce and espeoially at high tempera~ 
tures it is excellent, but to al'ri ve at high precision piezometers of 
a relatively considerable volume are necessary. Since tbc piezometer 
must be refillcd for every measurement, somewhat considerable quan
tities of compressecl gas are required fol' !t series of meaSUl'emeuts. 
Por cletermillations in the lleighboul'hooc1 of the critical point however 

I 

1) Wien Sitz. Bel'. 1888. 
2) llull, lilt. Acad. Crucovie Mld 1891. 
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it is absol lItcly nceessul'y ta cmploy only g'as of the gl'eatest pUl'ity 
to obtain any definite results. A methad - whieh requires large 
volumes of sueh gas is neeessarily bath troublesome and eostly, so 
that we have been obliged Jo introduce some modifieations and 
additions. Of these the most important is a eompression cylinder in 
which the gas aftel' expansion to normal volume ean be~ eolleeted 
and eompressed again into the piezometer, without auy loss of purity. 
Hówever even wit}l this modifieation a eonsiderable volume of 
'compressed gas is rcquired to fill thc piezometel' anel the ncccssary 
connecting tubes. In subsequent eommunieations we will eonsider 
the applicatioD of this modified methad for mcasuremcnts in the 
critical region alld of a higher accuracy than we are Csmcel'lleu 
with below. 

In the seeond method, whieh we are _ ernploying for the present 
investigation because of its relative simplicity, we us~ a piezometer 
'of variable volume in whieh a quantity of gas that bas once been 
measured under normal conditions is employed for -u series of datcr
minations. In principle this method is, an adaptution of the one 
desel'ibed in Comm. N° 50 with which SOUALKWIJK has uctermineu 
the. isothermalof Hydl'ogen at 20° C. 

rfhe results of these mea8Ul'ements which will 800n be publi8hed 
show that the methad is capable of great accuracy under these 
advantageous circumstanccs, but we have becn unable to maintain 
this high standard in modifying it for low tcmperaturcs. A con
sideration of the various difficulties to be surmountcd in the ap
paratus we shall descl'ibe and the llnavoidable errors belonging' 

1 
thercto, show that an accul'acy of 00 is not of cltsy attainmcnt 

, 1 0 
and that very special apparatus, again of large volume, woulcJ be 
rcquired to reach a higher degree. 

'l'his accuracy is not sufficient to determine tbe deviations of the 
hydrogen isotherms from the law of correspollding states relatiyely 
tó other gases, for it follows from thc a vailable data that uuless 
constant tcmpemtul'es of bolow 2000 C or Ycry high ,'p~essures are 
em ployorl detcrminations to this accurar,)' will not teach us much 
on tbe most important questions. 

Howevcr with the otlw\' gases of this group anel ospet)ially for a 
review of tllo l'elatiolls bet ween OXYg'CIl and Nitrogcn and their mix
tures this accuracy may ue considcrec1 to bo sllfficient. 

§ 2. GeJUmrl ((l'l'aJt[/f1l1lent. rl'lw apparatlls which iK in use for 
these measurements has been de::;igued to allowaf the dctcrmination 
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of volume in a room where the liquid gases to produce the low tem· 
perature baths ean be most readily obtained, and of the pressure 
in the room containing the preeiRion piezometers and standard ma
nometer. The pressure has thus to be transferred for a distance of 
some 25 -meters by a tube filled with eompressed air. The general 
arrangem~nt of the apparatus is shown diagrammatieally in Plate 1 
where the manometer (cf. § 5), is not drawn. The steel cylinder A 
is conllected to the reservoir G and the level tube Os (cf. § 3) by 
steel tubes of 2 mmo bore provided for manipulation with steel 
eocks 0 5 and Oa of the type given in Comm. N° 46 fig. 10. Dry air 
under pressUl'e is admitted at thËl brass cock 07 its approximate 
pressure being read by the operating metal manometer M while its 
aetual pl'e.ssure is determined by the gas manometer (cf. § 5) con
neeted at Os. The cock Cg is for emergeney and for redncing the 
pressure and 010, Oll for manipulation. 

'rhe washel's at the numerous joints are all of prepared leather and 
require muel! trouble and attention before they are quite tight, though 
this is now satisfaetorily attained. 

§ 3. The PiezometeJ'. Although the prin{'.iple of the method 
employed is the same as that described in Comm. N°. 50 many 
modifieations are neeessary to adapt ~t for measurements at tempera
tures below the freezing point of mereury. The simplest would be 
to separate the bath and graduated tube by 9. long fine glass capil
lary bent twice at right angles so that tbe bulb could be immersed 
in the low tt'mperature bath while the graduated tube remained at 
an ordinary constant temperature. Such a rigid connection would 
give much difficulty in manipulation anel would be liable to fracture 
with apparatus of the weight and dimensions here used, so th at a 
more flexible arrangement is necessary. 

The one first tried, which combipes the accuracy ofthe above with 
the required flexibility, is shown diagrammatically in fig. 1, plate II 
where dl is the graduated tu be at the end of the large reservoir 
(Cf. b. fig. 2), d2 a steel capillary, ds another graduated tube, d4 the 
glass eapillary and dö the bulb. Aftel' many trials howevel' and even 
aftel' meaSUl'ements had been made, we had to abandon this arran
gement owing to the! impossibilily of cleaning the steel capillary 
ilO thoroughly that it should not spuil the mercury meniscus af ter 
this had passed through it. 

'rhe arrangement finally adopted is that shown in Plate II, fig. 2. 
1'he '~limensions of the present apparatus were controlled by the size 
of tho stÈlel apparatus available (designed for 500 At). The steel 

42 
l'roccctlings Royal Acad. Amsterdam. Vol. IH 
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cylinder A Plate 1 bas a lellgth of auout one meter and- ft capacity 
of about oue liter. 'rho glass tube b3 was chosen, U!:l IMge as possiblll 
and has a capacity of !lbout 600 cc. 'l'ilis with its gmduatiolls b.J, i~ 
connectetl to the val'ious piezomctcr uulbs alld i!:l of the samo typo 
as the piezometer for the hig'hest pressure d(BCrihed in Oömm. N°. 50, 
tbc internal diameter of u4 being about 3 mmo The graduations 
were only made on 20 cm. in order to keep the apparatus within 
manageable dimensions. The tube ó4, terminates in a capillary tube 
05 of sufficient internal diameter to admit tL steel capillary. . 

'1'he val'ious piezometers, wh,ich are all of the same type as that 
shown in fig. 2 f and fig. 3, are of dimensiolls corresponding' to tbe 
various temperatures to be employed so that thc prcssure which will 
cause thc mercury to appeal' at the midJle of the graduations of thc 
tube b4 shall be within the prescribed rcgion. The sterns 'f2 are fine glass 
capillaries sO'11e 70 cm. long to enable them to project above the cryostato 
Oomm, N°. 51, and with internal volumes of about 50 mm.1I in order 
tlmt the temperatul'e cOl'rection may bé reduced to a sml~ll order 
without at the same time offering too great a retaruation to complete 
equalisation of pressure. AL thc end of' the capillary stem fz of the 
piezometcr fig. 4 a Rmall cavity f3 is made to receive the end of 
the steel capillary. This cavity must be large euough to avoid any 
chance contact between the glass allel steel and yet not large enough 
to introduce uncertainties in the volume. It was found most satis
factory to open out the capillary tube in the blow pipe to a diameter 
and depth of 80me ].5 mm. ,and then to bore the first mmo cylin
drical at the lathe. '1'hc upper surfaces of both ij and f are ground 
oif at right angles to produce a more constant and perfect joint. 

'l'he connecting steel capillal'y 9 fig. 2 must be long enough to 
allow of the manipl11ation of the piezometer without incurl'ing the 
dangel' of bending the capillary sha!'ply at any point, a proceeding 
which usually results in a leak. U nder some circumstances a capil
lary of 40 cm. length could be used, but for the majority of thc 
llloasurements jt WelS found must cOllyenient to employ ,one of 130 cm. 
'1'he capillary is furnished at its ends with screw-connections gi, [12 
(!:lee fig. 2) to enable it to he fastened secul'ely to u and f. 

The various parts can IlOW be readily remo\'ed fol' cleaning, filliug 
etc. while the arrangement is such that it allows the pal'ts to be 
replaced without producing' any appreeiable change in thc volume 
up to the graduatiolltl on tbe tube. 

'1'he steel tube f4 with hexagonal portion t~ and thl'earl t;l is made abont 

:0 ~nm. larger than t' 2 ftnd is fastenod to it by red seuling wax. 
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Between tlw steol Hallg'ed tube' fJ 4, and the gIat:ls f2 fig. 4 a wClt:lhcr 
fJ j of prepared Jeather is introduced; as however leathol' givcs 
SOlllew hat under compl'cssion it has beén founel necessary to em ploy 
wasbel's w hieh have been subjeeted fol' same time to eonsidel'able 
prcssure. When the requisite pree&.utions al'U taken, ajoint is obtailloel 
which is perfectly tight at GO JE and whieh only requil'es serewing 
up ono half tum (about 7 mm.) during a long period undel' this 
pressure, thus insUl'ing a praetically constant volume, 

Uonneetions of the type described in Comm. N0. 60, fig. 5, appeared 
not to allow of suflieient accuracy in t10 detel'mination ofthe volume, 
when the joints were made to stand the pressure in OUl' expol'iments. 
Moroover in that oase t1e COllllOction of different piezometer-bulbtl 
to the same graduatoJ tube presents mueh gl'eatel' difficulties. 

At the lower end of thc U tube U9, fig. 2 of which the leg C011-

nected to U;3 is ealibrated, the short capillary tube U, cal'rying a 
gTOlllld joint has beon made parallel to the whole length aud not 
bent at an anglo af:! in fig. 4 Uomm. No. 50. 

'1'be eonneetiol1 \\'1th t110 gas apparatuf:! is mado by the short tube 
ft earrying two g'l'oulld joints hl ItJ anel a eoek h/" By means of 
this tho tube u eontaining tho requisite mercury ean be oa8ily auel 
quiekly brought illto a lloarly h01'1zoutal positiou, wheu it is neees
sary to fiU it with g'I.lS, and the joints closed by rotating tube ft. 
When the tube is fillod ft, 2 is 8hur u and h removed together, 
brought into a vCl'tieal po::;itioll allLI the cook again opened; the 
mereu!'y thOll runs <luietly into pl:we aud tube ft eau be removed. 
By this eOlltl'ivltIlee the tr()uble~olllo pl'oco::;s of turning' about tho 
tap ft, Josc!'ibed in COIlUll. No, GO § 1, i8 JlO longer noeessary. 

S 4, 'l'lte voJJtji/'el5l5iolt V!} liJtde/'s, resercoi/'15 (IJlCl cOltJtevlioll.:5. Like tbe 
appa!'atutl de8cl'ibod in UOllllll. N°. 50, the compressioJl cylinder is 
fiUed with pure 111l3l'eUl'y only to whieh the pl'estlul'e is transfel'l'eu also 
by moreu!'y frolll the rosorvoir whore it is pl'oduced by lllean~ of COtn

pl'os80d ail'. Owiug' to tlle lal'go volumo of mOl'eul'y rC<luil'od fol' tho tube 
ij the rese/vuil' () must have a cttpllcity of noarlya litOl', the level of 
tltc mercury in it being' inllieated by the lovol tube Ca, Ascale ()4 

i::; attaehod to this tube <lnlI the positioll of the mereu!'y it:l read by 
the eye. The di::;tanoe betweeu tho i1erOi:i of thi8 senle and that on 
v'1 itl ueterminod by tbo catllOtometel'. 

The 8teel hcau fJu lllust be put outu thc glatls tube h,! with thc 
produtions montiollod in Uomm. N°. 50 espeeially u::; tho clearanco 
1::; onIy somo ~ llllll. at tlw bottotrl of the tube u, On to thitl head 

42* 
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b6 is screwed a water bath b7 bs through which flows a constant 
upward stream of water of consta,nt temperature. 1) I 

Thc steel nut as Plate I and fig. 6, Plate II is divided into two 
portions connected by screws to enable it to be app1ied more con
veniently. At every joint of this apparatus there is-a prepared 
leather washel' between two flat steel surfaces provided witli concen~ 
tric depressions and a central tube. In consequence of the two large 
washers at all. and Gil. boing in contact with mercury it has been 
possible to entirely eliminate leakage at the pressures I~mployed. 

§ 5. The manometer. The glass portion of this apparatus, made 
especially fol' tbis research, differs little from those employed by 
VERSCHAFFELT and HARTMAN and could be replaced if n(3cessary 
hy one reading to higher pressures used by the farmer. rrhe cylin
ders, reservoir anil level tube are identical in constructlon with those 
described above for the piezometer only of smaller dimeDsions. These 
were so chosen that pressures from 20 to 70 ..iE could be read with 

1 ~ 

an accuracy of 2000' Such an accuracy is however only actually 

ohtained hy careful preliminary calibrations to determine the volu
mes of the bulb etc. and the inequalities of the stem, combined 
with comparisons with the stalldard manometer at many points over 
the entire scale. 

No attempt was made to determine the normal volumo (cf. Oomm. 
N°. 44 Date 1) as several measurements of the pressure at the zero 
of the scale by the staodard manometer givo an acr.uracy to tbis 

point of some 2~O..iE. The capillary c1epression in tl:e maIlomcter 

capillary is 7 mmo when the height of the meniscus is 0.1 mmo alld 
in the level tube about 1.5 mmo with a meJliscus of 1 mmo rl'he 
difference must be considered, but is smaIl enough to allow us to 
assume a constant valu8 the small differences from this heing 
considered as accidental errors. 

If we assume that 0.2 mmo can be read with cel'tainty by tbe 
eye, and this is probably an underestimate if a minor is employed, 

the reading elTur in the middle of the scale is some 1~5..iE, though 

it is not probable that the camparisons aDd calibrations caD be quito 
trusted to this high degree. (' 

1) The constancy of the temperatllres will be discu5sed in n Inter comm unicntion, 
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The manometer is filled with pure dry hydrogen and is read at 
temperatures between 15° and 20° C. 

In a further communication more details will be given 
with the measmements, it is sufficient to mention here that 
the higher pressUl'es rleduced from the lowest pressure and determined 
directly agree very satisfactorily, which we believe is an ad vance 
on former apparatus. 

§ 6. E?'fO}'S belonging to the constructiOtZ. In eonclusion we 
may consider the aecuracy wbich we may reasouably expect from 
such apparatus as that descnbed in § 3. 

The volumes of the_ variolls portious have been determined to 
less than 

2 mm.3 in the piezometer bulbs, 1 mm.3 in the piezometer stem, 
1 mm.3 on the total volume of V4 (6.0 cc) and cel'tainly less than 
3 mm.3 from point to point. 

The principal cause of error will undoubte<lIy be the steel capillary 
with its connections rOl' nmong many measurements a difference of 
1 mm.3 was found in the longest capillary with a volume of about 
1 cc., we will however assume thc error 3 mm.3 as reckoned in 
Comm. 60 § 20. 

The cathetometer used to obsel've the meniscus reads with care 
1 1 

to - mm. so that an error of - mm. may occur in reading the 
50 I 25 

position of the meniscus in V4 corresponding to a volume of 
1.2 mms. 

The volume of a menjscus of the average height of 1 mmo in a 
tube of 30 mm.2 cross section ~ 10· mm.3 with an error at a 
maximum of 5 % 1) = 0.5 mm3• 

Rence tbe tatal error in the position of tbe meniscus may be 
evaluated at 1.2 + 0.5 = 1.7 mm.s The most unfavorable case 
gives for the total error 2 + 1 + 3 + 3 + 2 = 11 rnm.S and if we 
put the probable error 5 mm.s, it appears that the arrangement of 

the apparatus allows us to l'each an accuracy of 10
1
00 with piezometer 

bulbs larger tban 5 cc. 

1) SCHALKWIJK, Comm. No. 67. 
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Physics. - Prof. IT. J<A )rJmL1NWI OXNl,:~: "{)II DI': HJo:I':N\~ {',('
jil'rililents Of)()/{f f/te I'!'ili('((f sl"t('," (OoJllll1llnir.ntion N°. 68 
f/'Om thr physical la !lorn t()J'~' nt Lpiclrll). 

§ 1, J>/ll'pose of f!lis C01l/1II/ll1i('((fiO/l. ExperimcmtR have been 
r\~pe{\.tedl,\' descl'ihrrl which wore anr.gr.cl to diRpl'OYC the notion 
of the continuity of tho liquid nn(1 gns('ons stntcs nccoroing to 
VAN DER WAALS' thoory. 'l'ho~' eRpecially were snirl to deny 
that a simpl0 Ruhstanco Rhould)w,ve on)y one critical temperatllro, 
one critical prossnre nncl one critical volume, tIJar it should possess 
at a given prcsRure anc) tempcratul'e abovr thc critical temperature 
one density on)y; anel that below tho critical tempomtnre it can 
prosent stabIe co-existing phasoR in rquilibrinm for oach lempcrature 
on]y at two definite c1ensities, 

Each timo howover jt was possihle to point out circnmstancos 
whieh lmd beon ovorlookccl in the experimonts. If tIJc oXForimonts 
mentioned were l'epentccl witlt dne regm'd - to tho nocossal'y precau
tions, tJH'y proved to confinu VAN lJlm "\YAAT,S' viows. 

Jt roquirorl much ('arc to fiml out tltr. circumstanees to w1lioh wc 
must attl'ibute the deviations olJsol'vocl in GALITZJNH'S oxperimentR. 
At the Leiden labol'atol',\" where VAN DIm \/ofJ\ AT,S' theol'y was made 
the starting point of Reveral invcHtigations, KU1~NBN haR undcrtaken 
this difficult anrI lengthy wade Ho succcede!l (Oomm. N°. 11 
l\Iay and J ulle '!)4) in explaillillg' expel'imcntally the phenomena 
observed by GALl'l'ZlNE hy the illfillence of aclmixtures, impm'ities 
which amollnted to onl,}" a few tenthommndthR of the suLstance, 
considered pure. 13y this elabom.to research we not only considerE'o 
GALI'rZINE's views to be refutt'd but also icleas so near1y related 
to them as those of Dg .rhJ~N. At least it seemed decided, that 
honccforth na va]ne 1llight be attachcd to researches on the critica] 
state with simple substancos, un)ess it was proved that even such 
sm all impllrities as occurred in GAr,Il'ZIN1~'S exp91'iments wore avoioed. 

KUI~NEN'8 oxperiments failed howevcr to eonvince DI~ HEEN that 
his objectiolls against YAN DER VVAAT,?' theol'y were notjllstifiable; 
nor did it make him aware of tho necessity to bestow as mueh care 
on the plll'ifying of tlle experimental substance as we are wont to 
00. On the contmry, in 189G 1) DE IbEN hls published new experj· 
ments, maae with carbon dioxicle, again withouj, stating anything' 
eoncerning preofiutions taken for its purification . 

. According to him these experiments would show: 

I) Hnlletin (le 1'InsHtnt üe pby~iqnE' (le l't.:"llivc\'~i.t(. (lr. UP~I', 11Clll"ièull' l'1I,tlÎllule 
(Hull, .1(' ,'A". TIoy. elP Hrl!,\i'[lItl :lP SI~I'. t. XXXI, '!)fj). 
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that a uoJlllite cl'itieal uOlli:li'Ly, of whieh tIJo exii:lhmee hltl:i hithor!o 
been acceptecl, is an entiroly fictieious quantity, th at in reality 
there are two critical densitios, lst. the critical density of the liquid, 
0.640_ for' carbon dioxide; 21\(1. the critical density of the gas, 0.298 
for carbon élioxide, and that the quantity hitherto measured as critical 
dellsity is the mean of these two limiting densities. 

Shortly afterwards a visit of DE HEEN to Leiden offered an 
opportunity for a discussion in which I pointed out, that very smaH 
deviations in temperature, pressure and composition near the critical 
state can lead to great variations in density. My remark th at in 
DE HEEN'S experiment the carbon dioxide had not been perfectly pure 
was not contradicted. Whereas to me th is circumstance seemed very 
important, DE HEEN did not set much value upon it. 

It seemed that the controversy could be solved by repeating at the 
Leiden laboratory DE HEEN'S measurements in his own apparatus 
with carbon dioxide of the same purity as it is used with us for 
similar experiments. During the repetition of these measurements 
other precautions which seemed desirabie to me might also be taken. 
I found Dr. J. E. VERSCHAFFELT, then assistant at the Leiden 
Labûratory, willing to undertake the work and Prof. DE HEEN 

was kind enough to send to Leiden the "analysateur de, l'état 
critique". But. when we began working the apparatus, it proved 
unfit for experiments with very pure carbon dioxide. Far the 
Iiquefied gas came into contact with the packing. This was made 
of leather soaked with wax or grease, which substances dissol ve 
in the liguid carbon dioxide so lUuch that they can even be 
distinctly smelt when the liqllid is drawn ofl'. The packing boxes did 
not all ow us to substitute for the leather packing, cork or lead. 
Even if the carbon dioxide before being admitted into the apparatus 
had been as pure as we desired it, the results obtained would not 
have related to pure carbon dioxide. Besides the introduction of 
new packing boxes, the apparatus called for radical modifications 
in order to allow us to inquire whether, even though it remained 
impossibie to verify the homogeneity of the phases, the two quan- ~ 
tities of the substance, of which DE HEEN iu each case compares 
the densities, have indeed the same temperature and pressure. 
DE HEEN supposes that this is true, but the construction of the 
apparatus used by him does not permit of a pro of. 

Rence we could only profit from the presence of the apparatus at 
Leiden by studying some of its peculiarities, and the matter was not 
fUJ'ther cntcred into. 

In '97 DE HrmN thought th nt he found a proof of the exactness 
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or his observatlons in those of AMAG.A.T. He derived from AM.A.G.A.T'S 
experiments that there are two densities near the critical point, 
which are in the ratio of 1 : 2 and he wrote: J'ai du reste la con
viction que la théol'ie que je vieIJs de soutenir ne commencera à se 
généraliser que lorsque les expériences -- namely those with the ana
lysateur de l'état critique - auront été répétés un grand llombre 
de fois par p]usieurs physiciens. Oe n'est que dans ces conditions 
qu'on peut porter atteinte à des convictions - the existence of one 
critical state - ayant poussé de si profondes raeines. 

The result of a careful repetition of those experiments could however 
not be doubtful in Dur opinion. Fot' who ever wishes to repeat 
DE HEEN'S measurements of density, will want to arrange tp.e work 
so that it will be possible to verify the homogE:'neity of each of the 
phases, and to measure accurately small ddferences in temperature, 
pressure and composition of the phascs ta be compared, in order to 
calculate by them corresponding corrections. It would also be desi
rable to apply even now simiJar cOlTections to the l1umbers givel1 by 
DE HEEN, in order to arrive thereby at the true rpsults of his 
l'esearches. But as DE HEEN has paid no attention to the data 
for the deterrnination of these correcrions, this is not possible. We 
nevertheless ean form an idea of their general character. And so 
Dr. VERSCH.AFFELT ánd I in going over DE HEEN'S experirnents were 
soon convineed that these, however irnprobable this may seem 
to him, would agree with VAN DER WAALS' theory within the 
limits of the errors of observation aftel' the necessary corrections 
had been applied. 

In order to show moreover experirnentally that such corrections 
must be actually applied an apparatus - chiefly consisting of two 
reservoirs connected by a cock, from each of which the cOl1tents 
could be collected Ly a sm aH cock - was constructed of several 
pieces availaLle in the laboratory, with whieh we intended to repeat 
some of DE HEI<JN'S measurements with the necessary precautions. 

When Dr. VERSCHAFFELT left Leiden, I have myself devoted some 
time to preliminary observations with an improved apparatus better 
answering the purpose. Among other things I had introduceà a thermo
element in each of the reservoirs mentioned. 

During these preliminary measurements nothing was observed (see 
following sections) that could point to the important deviations 
which were derived by DE HEEN from the experiments ~chosen fur 
repetition, and it was confirmed that it was necessal'y to apply 
corrections to the denslties given hy him. 

lIence a continuation of this repetition of DE HEEN)S experiments 
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tippeared to be only useful in that it exbibited by means of hls 
results the amount of deviation which can be found, whenever 
we are not guided by the theory of the mixtures and of the adiabatic 
variations of state in measurements with compressed gases in the 
neighbourhood of tbe critical state. The most important point in 
this question, namely the influence of small admixtures on the phe
nomena in the neighbourhood of the critical state, will be illustrated 
by other investigations which are being made here and as I hope 
even better than could be done by tbe measurements mentioned. 

More urgent work obliged us to leave undone the measurements 
in which the conditions for the deviations given by DE HEEN were 
intentionally realized, and the apparatus was taken to pieces. Nor 
did my time allow me to make fUl,ther investigations in connec
tion with DE HEI<:N'S experiments. In the "Mathernathische Encyclo
predin" I hope to return to some questions relative to the theory.of 
the critical state And what rauld be remarked on DE HEEN'S expe
riments, secmed to me aftel' I had tried to write down something 
on them not sufficiently interesting for a paper. 

But a few days before the last meeting I received DE HEEN'S 

paper "les légendes du point critique", in which he expresses in a 
fl'iendly tone his earnest wish that I should now communicate 
publicly my opinion on his work. 

I avail myself of this opportunity to express to Prof. DE HEEN in 
return my feelings of friendship and respect. I have tried to satisfy 
his, request by what 1 have said a bave and by eXplaining it more 
in detail in the following sections 

2. lnvestigatian of ane of the systematic deviatians. KUENEN has 
al ready pointed out how unsatisfactory is ti refutation of theories so 
little defined as those of DE HEEN. Tbe refutation of the results 
derived by DE HEEN from his measurements by repeating jthem is as 
littJe inviting. Bince it is a repetition we are bound to a method 
of working deviating murh from th at, whieh we should think it neces
sary to folJow in 'similar investigatlOTIe. Moreover what we eall 
taking precautions may be eonsidered by DE HEEN HS saerificing an 
artifice, lastly to attain a moderate accuracy in measurements with com
pressed gases, operations are necessary which require much time 
and care. If therefore in the repetitioll of DE HEEN'S experiments 
a high degree of accuracy was required I would lIOt have under
taken it. But a determination of density to within 3 percent is suf
ficient, as the deviations between DE HEEN'S results and those which 
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cau uo del'ivod frulll t]lO JaWtl gOllel'ally aoeepLeu, ()\,eJl -al, sevoral 
degl'ees' distanee from the cri tical tempera tUl'e, [tmou)) ted in some casC!s 
to 30 alld 40 percent 1). Also fol' tJ10 expGriments to be consic1ered 
below, the deviution is large enough to be refuteu by measurernents 
of the accuracy mentiolled. Besides it is a fd.vourablo circumstance 
that all the deviations are connected systematically. It is easy to 
see this from DE HEEN'S tabIe. (I. c, p. 386). If thercfore one of the 
important deviations rnentioned by DE HEEN can, by the repetition of 
the experiment fl'om which it was derivec1, bo redured to zero within 
the limits of thc errors of observations, this involves the refuta
tion of all the others. 

Although 1 will not dweil on the theoretical consider3;..tions re
futed by KUENEN I must shortly explain which is the chief point 
in the experiment to be repeated. 

DE HEI~N aswmes the existence of so-called liquidogen and gas
ogen molecules, The fornler woul!! only be decomposed far aboye 
the critical temperature. If we succeed in -filling a space neal' or just 
above the critical temperature entirely with liquidogen molecules th en 
the substance enclosed therin will have one of the limiting densi
ties given by DE HEEN for the critical state; if we succeed in doing 
the same for the gas ogen molecules, tho second limiting density will 
be obs~rved. Above the critical temperatul'e, mixtures of those kinds 
of molecules can be made in all proportions. If a space filled with 
liquidogen molecules is in contact with an other containing gasogen 
molecules, so that mutual diffusion can take place, the liquidog;en 
and the gasogen molecules will be mixed. Only wh en they have 
been completely mixed - and so aftel' some time - the difference 
between the densities in these two spaces disappearA. 

DE HEEN'S analysateur de }'état critique renders it possible by 
means of a cock to divide the volume occupied by a substance into 
two parts at a moment of pressure equilibrium and in this way 
if one space contains chiefly liquidogen, and the other chiefly gasogen 
molecules, to prevent the mixing' of these two. The substances in 
each of the two reservoirs mentioned in § 1, which are placed 
above each other and are sepal'ated by a cock, can moreover be 
separately collected by means of cocks made for this purpose. 
According to DE HEEN it would be possible by taking care that 
at first the lower reservoir should be filled chiefly with liquid, 
and the upper reservoir chiefly with vapour, to fill a bove tbe criti-

1) Fo\' illstallce, intliwnces Jike thos(' of gl'tlvltutioll (CO IJIp , (JOlll 111 , Nu. 17 KunNEN, 
May '95,) eau be len out of llCcount. 
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('al [(lllipomtUI'(' OJ\(: 1:lpa(e C'llicfly witlr Ij~lIit1oge", to otllül' ebiefly 
with O'aSOO'Cll lIIolüculeH UIIder tiro sallle }lI'CBSUI'e, At the DaulC l,res-n h 

sure an(l the Rllme t(lmpemtl11'e different (lC'nRiticR woulcl tIJen be 
fonnd in the two sraces. 

DE HEIm has not made c!eflr, wlUlt coulel hc learn<,cl bettel' from 
the expcl'iments with tbe "ëtnnlYf>ntc\1l''' tlHlTI from the experiments 
with the tu hes of (iATJI'I'hrNg. 

Fol' in t11e latt('l' ense the two phases, the one consibting chiefly 
of supposed li(Jllidogen molecules, fhe othcl' ('hiefly of snpposNl gasogen 
molecules, are lwatcel sepamtely, while the movnble mercul'y thl'ead 
which Repamtes them is constantly yielding to the difference of pres
sure bei weon the two phascs, anel indicates if the equilibrium is 
not attained, fol' which diffel'ence of pl'OSSlll'e a cOl'rcction is to be 
applicd in the comparison of the densities, 

As compal'od witi! th is contrivanee tlre making of a partition 
between the space whel'c more liquidogcn, and thnt where more 
gnsogen moleculcR arc supposed to be, hy means of ft cock wlJich 
is O1.1y opened llOW and then, may he considered ns a step back
waJ'ds. In this wa,)' mixturo h.,· means of diffusion rannot be avoided 
so woll, nol' cau tIro equilibrium of tcmperature and pressure be so 
weil attaincd or a('collJltc(1 fol'. If DE HEEN had sucoeeded in 
sepal'ating pCl'ceptibly the 1ifJuidogen and the gasogcn molecules, 
thell they oug-ht to have been obsol'vable certninly in GALI'l'ZINE'S 

tubes, as inueod this pllysicist thought. KUENgN hy his experiments 
has proved that this was not the case. 

Jf discussion of DE IIEl~N'S theses was primarily l'eqnired then 
we might argue that everything derived by DJ~ HEEN from the expe
riments with tlle Cianalysateur" has been it fortiori refutcd by 
KUENEN'S criticism of GALITZINE'S al'guments, 

But our aim was to demonstratc by the repctitioll of DE HEEN'S 

expcriments with the necessal'y pl'ecautions, that they lea(1 to otl1e)' 
l'esults than those giY<'ll by DE HEEN. Lijm DE HElm we used for 
this purpose two rnetal reservoirs separated by a cock, 

I must still mel1tion one point of difference bet ween the »analy
sateur" alld our apamtus mcant in § 1. 1'he reservoirs of our appa
mlns lrave an invariable volume. This is nol, the case with tbo 
naua1ysateur", In each of the cy lindrical reservoirs of the "analy
sateur" a piston can be moycd and these two pistons arc so COll
Meted , that when they are moved the volume occupied by the sub
RtaDco in the two reservoirs together remains ul1altored. By 
ncljnÄting tlre pistonR proporly anel by filling only ono of tho 
res(,l'voil's, nu)' buitable qlluntity ot' liquid cnn uo ndmitted into the 
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apparatus, whieh may be distl'ibuted by means of the conneeting 
eoek over the total space of the two reservoirs, af ter whieh by re-ad
justing the pistons the total spaee ean he again c1ivided into two 
parts of a desired ratio by means of the coek. And so it is easy to 
make a series of different measurements for different ratios with the 
same apparatus. It is also possible to alter the proportion of the 
two volumes during an experiment. Tt is obvious that the first 
mentioned speciality is useless in the repetition of a given experiment, 
it being moreover of little importanee, as the desired filling can also 
be made in au, other way, for instanee by distillation, and as DE HEEN 

uses for the (iJ st series of experimen ts only one proportion and for 
the other only two extreme proportions. As wil1 be seen, what might 
be attained by moving the piston during the experiment, is from 
DE HEEN'S reasoning of no importanee for the results to be obtained 
by repeating his experiment, or may be arrived at in another way. 

Aftel' this digression we come to consider the experiment of DE HEEN 

which 1 had ehosen for repetition. In this -(Bulletin de l' Institut de 
Liège Deuxième fascicule p. 150) the pistons of the analysateur are 
placed so tbat the volumes of the two reservoirs are equal. Then 
the two reservoirs are filled at 10° C. with liquid carbon dioxide 
and the connecting cock is closed. The carbon dioxide from the upper 
reservoir is blown offJ the connecting coek is opened, the carbon 
dioxide is allowed to fill the two reservoirs and to reach equilibrium, 
and tben the apparatus is beated to 35° C. Af ter thè connecting coek 
is closed the contents of the two reservoirs are separately coliected. 
For the density at 35°C. in the upper cylinder DE HEEN gives 
0.456, for that in the lower cylincler 0.544, whereas according to 
"V.A.N DER W.A..A.LS the densities of two quantities of pure carbon
dioxide, no matter how they are obtained, must be the same under 
the same pressure at 35° C. 

The reason why this special experiment bas been chosen for 
repetition is that it lies not too near the critical temperature aDd 
yet shows, important deviatioDs; also because according to AM.A.G.A.T'S 

data the surface of the liquid in the apparatus at 28° C. stands 
very near the cock; and lastly and chieHy because in this case 
DE HEEN does not move the pistons of the "analysateur". For 
this reaSOD it could be repeated with the apparatus described abóve, 
as the latte l' bas· two metal reservoirs of unvariable and almost 
equal volume with a connecting coek. And so the apparatus is ful' 
this experiment equivalent to that of DE HEEN. . 

Carbon dioxide was admitted into it which bad been distilled at 
ordinary temperature over phosphorus pentoxide aDd boiled at a 
low temperature, and which in the liquid state had been into contaot 
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with clean metal only. Before the carbon dioxide was admitt, 
appamtus had been evacuated by a' BESSEL H.A.GEN'S ai: 
A.uxiliary apparatus of whieh the volume had been measurel 
dered it possible to admit by distillation the exact weight of 
dioxide into the two reservoirs with open connecting cock. C~ 
taken that 1he liquid carbon dioxide was exclusively containec 
10wer reservoir. During the heating namely, the temperatul'e 
uppel' reservoÏL' was kept a little above that of the 10wer re~ 
80 that below the critical temperature no liquid could diati 
from the luwer reservoir into the uppor reservoir. Tt seems 
that in this way better than by the method of the moving I 
as followed by DE HEEN in his later experiments, cel'tainty I 

obtained tbat at the beginning as little liquid as possible is 
in the upper reservoir. . 

The connecting cock was closed at 28° C., then the temp 
was raised to 35° C. by streaming water of this tempe 
During the heating' the cock was opened six times for 4 s, 
and aftel' the heating another 6 times for 4 secunds at c( 
temperature. Several experirnents had proved, that 4 secuni 
a time long onough to secure equilibrium of pressure. J 

time equilibrium of temperature was not yet attained, 
was not nccessary with my apparatus to wait for it, 
temperature coulu be determined by the thermo-element 
two resèrvoirs separately, and so a correction could be appli 
DE HEEN'S reasoning the liquidogen and the gasogen moiecl 
my experiment must have had less opportunity of escaping 01 
tion by their diffusion, than wHh his own expl'riment, wh( 
cock was left open while heating from 28° C. to 35° C. 
the cock was closed at 34.°8 C. the ratio of the densitil 
0.448 . . 
0.426 = 1.052. By applylllg the correctIOn for the difference 

p(l1'ature 0.8 deg. as given by the thermo-elements (the real dif 

Was probahly smallel') this ratio would become 0.448 = 0.96. FI 
0.467 

manent gas na correction was required as it amounted 
analysis of the original gas-phàse to 0.00t)18 only and in 
the original liquid-phase to 0.00016 ollly. 

And so onIy a smaH d~viation was found becoming opposite in 
that of DE HEEN by a correction of uncertain amount, wbich 
taking into account the errors of observation, would be expl'€ 
DE HEEN'S languago _ by tho statement that tbe liquidogen a 
gasogen molecules are 'the some. 

A sccond experiment must be mcntioncu in which the con: 
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eock was 10ft open during' 1110 heatill~' fl'Ulll 28°0. to 35°0., heat 
being' appliml from ltbovc, anu whcl'o 1 aHuweu Hl milHüet:; fut, the 
llttaiulllünt uf equilibriulll in thc tCll1}}eratul'c alld pl'c~sur(l. 'l'hitl poriu(] 
i::; probably toa long to allow us to cOlJsider this experiment a~ a 
l'opctitiull of DE HEEN'~, but certaiuly not &ufficil'ut for tllo two 
kinus of molecules to get mixed in a considerabIe degl'~é thl'Ough 
the nal'l'OW coele hy diffllsion accordillg' to our ol'dinal'y views. WhOll 
tho cock was closeJ at 33°.4 C. the mtio of the Jcnsitios wa~ 
0.448 .--
--=1.037. Bv applYlllg' the cOl'l'cotion for thc diffcl'cncc of tcrnperatul'o 
04:32 . 

of 1 °.150. as given hy tltc thèl'lllo-eIclIlcllt~, thib pl'O}}Ol'tiOll wouW uoeolllo 
0448 
-- and by correction for tllC pOJ'Jll:lllellt g,t~, fOUIlll at théHlIUIynih 
u.492 

0.449 
to be 0.002, ---- = 0,91. 

0,494 

Although as saill in § 1 I nLtnch _no other illlpol'tanl:c to 
thetie numhers than that of preliminary UbbCl'Vatiolls, .ret the,v 
are sufficicnt to reg'arel DE HEEN'tl lllt'Hsurcment, which gave tIlO 

ratio ~:~~ , l.HI, an di::-pl'oveJ (enpeeially by the lll'bt expcrimont). 

Even if I bUpp080 the erJ'ul' of ohtiervation in JUy deubities to 
exceed 3 pCt" then Dl~ II1~EN's lllu('h larger c1eviatioll tltill l'emaim; 
disproveu. 

Nor oan Illy pruuf uo weakeuoJ by the fiwt tlHtt thc difl'erellcod 
of temperature werc eertainly ovel'-ostimated, all(l tgat with othel' 
less complete mCfu:ml'elllentr:; of the tiame ncrie::; which, as I have 
said already, wcre tl'catcd entiICly 11;-, pI'climiIlHry-ouservations, dovia
tions of the uncol'rected dentiitiei::l woro fouml whielt alllounteu even 
to more peJ'cellt~ alld which were in the tiell;-,C of J)I~ llJmN; 011 tlJe 
eontml'y thcy showcd, L thillk, that thc erroJ'!:> whielt are likely 
to be made, tcud tOWlll'di::l Hw <lireetioll of tho deviatiolli::l fouml 
by DI~ Hl!;BN. \ 

AllJ SO DE IIEJ']N'S bhttenwut "aiui::li tie trouve lllii::l hun; de Jouie 
cctte pl'opo&ition tltnt euntotitée quo HOUS avolIs élllitio c1epuis long
tomps: La teTllpél',tturo et la pruntiion 1\0 suffi:;sout pur:; tuujOUl'S pour 
définir la dou&ité d'un Hui(le" - is not in thc least tiupportcd l.Jy hh; 
cxperimellts. ' 

s 0. b':;;plruUltiun of' t/IO devialirilts (olt/Hl (tuuoe tlw criticat tell!
pel'lltuJ'f!. It is cet't,tillly rcmal'kable that thc <liJl'erollces givon by 
DE HEBN which WC luwe tihown to be duo to the negledion ol' CUl'

l'cctions, arc ~o eOlll:;idel'lLble. 
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Thore is no objection fUI' l:lUppusing that (lifterences in tempm 
have rcmained e.g. in cOllsequcllco of eomprcssioll in thc olle rCSE 
ltlld cxpansioll in tho other, whieh lleoes8arily attelld the traJl 
of substallce from the lower into the uppor reservoir, which mOL 
was very likely al80 warmer for other reasons. 

I would be inclined however to ascribe the deviations 
part to the presenee of impuritieil. The carbon dioxide obt 
from commercial cylinders, conta.ins sometimes a few pereer 
its volume of admixed air, besides traces of water vapour. DE: 
bas compressed it by means of a compression-pump, and it is k 
how difficult it is to keep a gas pure during this oper; 
Moreover it appeared necessary in Dg HEJ!]N'S experiments in 
to condense the carbon dioxide at 10° C in the apparatus to 
the pressure to 75 atmospheres, whereas the saturation pressl 
carbon dioxide at th at temperature amounts to only 45 atmosp 

vVe have seen that the liq uid carbon dioxide dissol ves the 
and gl'ease of the packing. In the gaseous phase the molE 
prossure will decrease by the admixture of more volatile substanco; 
in the liquid plulse it wiJl be increased by the less volatile aumix 
Owing to the large compressibility in the neighbourhood of tbe Cl 

state, the densitiea bolonging to a same extel'nal pressure may 
considerable differonces. 

If the two phases of different composition are raiseu to a I: 
temperaturo the influence of the rleviation in the molecular prE 
wiJl be diminished. .A.nd 130 tho difl'erences of density will be 
lel'. 'Ihis is al!lo the resuIt obtained by DE HEEN. 

In order to avoi<l as much as possible the diffusioll of the I 
ogen and gasogen molecules during the long time which is re( 
to attain tbe equilibrium at a higher tempel'atul'o, DB HEEN I 

these experimonts in tbe following way: 
"il suffit de portel' l'uppareil à une tempél'ature peu supél'ie 

la tompél'ature cl'itique, par exemple 35°, puis de fermer la c 
(Uw cOllnecting cock) tout cn continuant à chauffer jusqu'au 
voulu. Lorsque cel ui-ei est 1'6alisé on ouvre lJ, on laisse l'6qt 
s'étabIir. Puis on recueille sépanîrnent l'acide renfermé dans leE 
cyl indJ'es." 

Fl'om this it may be scen tlmt the artifiee of which we a 
oUl'sel ves in hoatiug to 35° C. has been borl'owod from DE ] 

Fl'olll the sybtem of isothermals (pressure, volume) may bE 
at a glance that the pressure for the two phasos with uensiti 
eithol' sirle of the critical donljity wil!' iuel'ease vel'y different 
llOating at constant volume, 80 that when tho desil'ed tempo 
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is attained, a considerable difference of pressur'e will exist bet ween 
the two phases before the co ck is opened. 'rhis ca us es on opening 
the cock a difference of temperature, which would prevent the 
eqllalization of densities from being completed when the process 
was purely arliabatic. With jhe slow transport of heat, which in 
reality takes place, equalization will be still retarded. -

Before DE HEEN could therefore set auy value upou the densities 
found aftel' the closure of the cock, as belonging ta a same temper
ature and pressure, he ought to have ShOWll that the equilibrium 
of temperature had been obtained. With my appaJ'atus treated in 
§ 2 the process might be interrupted at any time, as soon as the 
equilibrium of pressure had once been Rttained, bocanse the remaining 
difference of temperature could be determined and acconnted for. 
But this was not so in the case of DE HEEN. 

It is obvious that as the cock is left open during a shorter time, 
a greater difference of temperature will remain. The corrections to 
be applied will accordingly be the greater. In a series of observa
tions, if the cock is opened in the same way every time, they 
will follow a systematic course, like the corrections for the small 
admixtures, if the carbon dioxide used was alwa,ys of the same 
composition, and like any othel' correction, which belongs to an 
operation always performed in the same way e.g. the manner ofheating. 

Obviously larger corrections must be applied to Dm HEEN'S second 
series of experiments, which he pel'formed in order to ayoid diffu8ion, 
in the following way: _ 

"Il faut donc amener les pistons dans la positiQn (fig. G) ou (fig. 7) 
~ giving a definite ratio between the volumes of the reservoirs -
à une température Uil peu inférieure au point critique, puis on ferme 
]) et on continue à chauffer jusqu' à nne température voulue. 
Pendant que la température s'élève on ouvre de temps en tcmps 
et rapidementl) Ie robinet D, de manièrc à perrnettre à la pression 
de s'équilibrer dans les deux cylindrl-'s, tout en empêchant les molécules 
liquidogéniques du cylindre inférieur de se diffuser dans Ie cylindro 
supérieur." -

Whereas in the experiment discussed in § 2 DE HEEN arrived 
at the two densities 0.456 and 0.544 or the ratio 1.19, he gives 
as resuIts in the second series under almost the same circumstances 
the densities 0.360 and 0.550 and so a ratio of ] .44, where 1 
found the theoretical ratio 1.00 snfficiently verified. And so in DIY 

\ 

1) About 5 times, lasting 4 seconds eucJI, us DD HEEN wns kind ellough to 
inform me. 
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opinion an extl'aoJ'clinnl'y largl' cOfl'ection must be appli€ 
syl:!tematic errors. 

Part of the systematic errors must be due to the shortll 
the time during- which tho cock is opened. Near the critica: 
it is indeed an inefficient mcans tbr obtaining the desired equili 
of pressure and temperature. 

DE HEl<~N has been aware that when the cock was opene< 
only, a difference in temperature coulcl arise by the expans 
the 8ubstance in the lo'wer reservoir. But it 8eems to have e 
lIis notice, that in t11e very neighbol:rhood of tbe critical stil 
adiabatic process is not at all favourable to equ9.lization of PI' 

The process can be traecd gmphically by means af a diag] 
tho isothermalb anel ad ia ba tics near thc critica] point. 

It will be sufficient to show its character. Hence it , 
allawabIe to simplify it and to trace the variations of two 
masse::; of the two phuses, whiC'h are heated both at a cc 
volume, then are adiabatically brought to equilibrium of PI' 
then ag-ain heaterl isometl'ically to a higher temperature, OUCE 

brought to equilibrium of pressUl'e adiabatically etc. We 
neglect the madificatian undergollo byeach of the phases 
to the exchange of substance whieh takes plaee from tl 
reservoir into the other. 

In order to arrive at a definite diagram of the adiabatics { 
isothermals, we may for simplicity imagine it al:! derived frol 
DER 'Y A.A.LS' equatioll of titate. Near the critical point the adi 
coincide almost with the lines of constant volume, alld sa ad 
equalization of the difference of pressure will hardly give a va 
of the specific volume. The phases which first at equal tempe: 
diifered in pressure, aftel' equalization of pressul'e differ so m 
temperature, that the density is only slightly changed. The dif 
of pressure has been transformed into a difference of tempi 
almast equivalent with rflgard to the difterence of density, al 
difference of temperature with ft slow transport of heat will in 
not vanish w hen the coele is closed aftel' a few seconds. 

When tbc eoele is opened for a short time this should be r( 
very of ten in order to en su re the equilibrium of temperat\lre. 

This reasoning was confirmeà hy my observations with the t 
elements. Aftel' having heated the apparatus from 28° C. 
closed cock to 35° O. and opening the <look according to DE j 

method only 5 times far 4 seconds, I repeatedly faund 
successive further openiug's of the cock a renewed dijfere 
temperature. 

43 
Proceediugs ltoyal Acad, Amsterdam. Vol. In. 
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The obsel'vations have not been maue accurateIy ellough -to set 
much vulue upon th\:' Jlurnums obtained, but they alwn,ys temled 
to show a heating' of the up per reservoir by the opening of the 
<.'oek. (011 an average 0°.27 C. in the experiment of § 2). 

BesidfJs the difference in the treatment of thc cock, -DI<: HElm'!:; 
i:lecond series of experiment!; is distinguished from the first by a 
second mûdification, which favours greatel' dJfferences. Let us here 
cOllsider only DE HEEN'S two experiments mentioned above. In both 
cases the apparatus is heated from 100 C. to 350 C. and it contains 
a quantity of substance, which when distributed over the whole 
space, would show almost the critica! density (according to current 
view&). In both cases the apparatus is filled by first arljus}ing the 
pistons so that tbe tobtl volume is exactIy divided into two parts, 
and by tben filling the one reservoir complete!y with liquic1 at 10° C. 
and distributing this quantity of substance over the t~o reservoirs. 

But in the first series the appal'atus is then heated without further op
erations. In thc seco.,nd series by readjusting the pistons all the substance 
ü; first brought bel ow the cock, the apparatus is heated io a little 
below tbe critical temperature and then the piston is adjusted until 
a definite ratio between the space of the lower reservoir and of the 

. . b' d 'Tl .. 0.155 h d t . uppel' rt'scrvoll' IS 0 tallle. lat ratIo lS 0-8 _ w en a e erml-
. 4t> 

. f'! ,1 • f I' ·d· d 0.771 hd' t' natlOn 0 tIC uonsJty 0 lqUl lS wallte '0.229 ,,, en a ctermma JOn 

of the dcnsity of vapour is wanted. And so the surf~ce of thc liquid 
is shifteu in the apparatus wbile thc ratio of the phases remains constant. 

I may here mention that for this operation I construded the com
pound hydmulic pump, which VAN EJJDIK has used for his moasurements 
on the capi1larity of m.ixtures (ll'ig. IIL Communication N° 39 1\1:ay 
'97). 'rhis appal'atus seems to me preferabIe ta the "analysateur" 
beeause the phases can be observed in a glass tube and nced not 
eome inio contact with the packings but only with mercury and 
glllss. 

The illfluence of thc packillg on the obset'vations with the "ana
lysateur" bas been mentioned previo,usly. We have now to C'onsider 
the influence of the operatioll melltioned on the result of thc ex· 
periments. 

The experiments, in su fat· as they rlcal with a temperaturc belo\\' 
the critical, will be cOllsidercd sub. 5, it ,will here be sufficiellt ft) 
I:my that the experiments above the critical temperature have to docide 
whether the substance, ol'iginally in the liquid state (at an almost 
constant volume) will have a higher density when l'aised abave the 
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critical temperaturo than tlte substanco which ol'igillal1y was 
'aseous btate ana assumes tlw SElInG tomperatul'c and pressure 

movability of the pistons is of IlO consideration for the experi 
above tbe critical temperature, the only importêLnt tnillg is th 
low the critical temperature thG same distribution is obtained 
DE HEEN had realized at the moment when the pistons are hl 

into their last position. One of the ways in which I obtaine( 
distribution in all apparatus with two reservoirs of tho ratio 
by DE HEEN in his second series was c1istillation. 

Probably in choosing tbe ratio Ule:ltioned, DE HEEN expects to t 
to separate from the gas above and from the liquid helow a phaSE 
exclusively consisting of liquidogen or gasogen molecules than wh 
reservoirs have the sa~e volume. The substance chiefly COD: 
of gasogen molecules is related according to him to that ( 
consisting of liquidogen molecules as a dilute solution of salt 
one more concentratad on which it Boats. If the two have ( 
some time been in contact the nearest approach to the origim 
centration of the two solutions of salt wiJl be obtained by dl': 
oft' at one end the uppC'r layers, at the other end the lowel' 1 
In this reasoning we may put in the plaae of DE HEEN'S 

thetical liquidog-en molecules the really existing very small a 
tures to tbe carbon dioxide. In the ,initially whol1y Ol' chie 
quid portion of the carbon dioxide they amount to another 
bel' than in tbe initially wholly or chiefly gaseous porti on anI 
gradually they will he rJistributed equally by dift'usion. Acc( 
to § 2 it is obvious that greater cOl'l'eetions must be applied j 

ouserved oensities whf>n the substance of which thc density it 
sured is taken from the extreme layers than when they are 
from the iDtermediate layers. Anel so n. more unequal dis tril 
of the ad mixtures over the two reservoirs ma,)' also have attl'i 
to the larger differellces given by DE HEEN in his second seri 

At any rate, now that Dl~ IlEEN'S fil'st series of whieh the 
ations are systematicnlly rela,ted to tllos(' of the Bocond, lms 
re futed , his measurements of the second series do not in the 
prove his theses: 

UIl est aisé de conclurc de ce l'ésulta.t que la ilem,ité cl'itiql 
a été admise jusqu't\ pl'()sont <,st une densit(~ pnrem<.'ut fiutive 
fnrther wh at ha~ been cited in § 1). 3° la loi du (liamèt 
parfaitement obsel'vée, ainsi que la planoho l'indique. Si 1'01 

longe celui-ci jusqu'~t la température critique, on obtiGllt la d 
critique fictive qui - tlyait (-fé admise jllSqU'lt pl'(~BeJ\t, ( 
4'" Les eourbcs expl'imaut IeR variations de deJ\~jtl< uu iiqu 

43* 
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do la vapeur se prolongent au dessus de la température crit[quê, et 
ce n'est que vers 60°, en généml que la masse devient homogèno 
dans toutes les parties du tube (en employant toutefois les précau-
tions indiquées).H I 

4. Explanation of tlw deviations below tlte critical temperature. 
DE HEEN'S statement that for carbon dioxide in the case of thc 
co-existence of liquid and vapour as far as about 20 deg. below 
the critical temperature no definite densities would exist for the va
pour and the liquid, but that for instanee at 28° C. this density 
would be situated for vapour bet ween the limiting values 0.288 
aud 0.533, for liquid 0.408 and 0.650, disagl'ees in my opinion 
with the experience of all who have made accurate measurements 
with liquefied gases. 

A.nd though in repeatillg DE :{IEEN'S determinatjons with the 
above-mentioned apparatus I have found small deviatiolls from the 
liquid and vapour densities found by AiI.A.G.A.T, they could always 
be attributed to errors of observation. ' -

This statement of DE HEEN may be explained by the fact that 
the meniscus cannot be seen in the "analysateur." A.nd so DE HEEN 

may have given as density of the vapour phase the mean density 
of matter in a reservoir in which thc meniscus had risen alréady, 
and as density of the liquid phase the mean density of matter in a 
rcservoir in which the liquid surface had fallen already. 

Dr. VEltSCH.A.l!'FgL'f has combined in a very cIear diagram DE HEEN'S 

data Ly 'plotting the densities given by the latter- for the vapour 
phase and those given for the liquid as ordinates, and the mean 
density of matte!' in the two reservoirs of DE HEEN as abscissa. 
For simplicity I borrow from that diag'l'am only a small number of 
lines (see fig.lp. 643) and give by its side in fig. 2 those which 
indicate the mean densities mentioned, in each of the reservoirs 
accol'ding to Al\lAGAT'S vapour and liquid densities (the line applying at 
the critical temperature and higher, has beon drawn at an angle of 45°). 

It is obvious from these figures th at DE HEEN in the calculation 
of his densities has neglected the correction from non-homogeneous 
to homogeneous suustance. Ey applying' this correction his observa· 
tiOllt; would g'ive a vapour and liquid dent;ity almost independent 
f'rom thc mean dellsity of matter, which by means of corrections 
systematically rc1atetl to those considel'ed in ,§ § 2 and 3, would very 
likely !.Je made to agreo with those of A:l\IAG.A.T within the limits 
of thc errors of observation. 

Evel'ything being ~onsidered it appeal's desirabie that Dl!: HEEN should 
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repeat his experiments with duc regard to thc circumstances nnd tho 
corrections indicated in this paper. 

I think I have sufficiently justified the opllllOn that these expe
rimcnts bring no arguments' against the truth and thc completeness 
of the theses from VAN DER WAALS' theory on the critical state 
mcntionëd at thc beginning of § 1. 

Physics. - Prof. VAN DEIt 'oN AAIJS on: "Tlw eljuatt:ol1 of state anrl 
the theol'y of c!Jc/ic motion" . lIL (Oontinuc«l fl'om p. iJ84), 

Therc is another quantity rclntillg to thd r.ritical Jloint, ,,,hich 
ealrulntcil fl'om tho cquation: 

(I) 

if b IK kopt constant, yio],lR n valnc strong']y ,lcvinting from w]mt 

, 1 l' ' 1 f' I ' '1'1 '( '1' dp ) IS foullI JOl' lt )y lllOH.llR () to IC oxpel'lInont. 10 qUitutIty --; dT ' 

calculatcd fol' the tension of' satul'atetl vapour, CoillC'itles in tbo'cl'itical 
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point with (;' ~~,)~ 1'ho cxpNimrnt "ho",.., tl)at fol' many substance"l 

lts vahH' does not tlifI'er ll1urh fi'om 7, whC'l'f'H,s from the equation 
of state, if b remaiu'j constant, wo fill<l na more th.l,n 4. 

If we write: 

it appC'ar:o that this value is quite detel'l11ined by the properties of 
tIlr i:fubstance at the critienl tempel'ature; but that it is uot drter
milled by thc course of thc critica1 iRothennal alone, Not from ever,' 
equation, whidl pel'foctl~' I'PJWCSNÜ" tho eOUl'se of ihis isothormal, a 

correct value will be found fol' it. ~ll so far it diffel's from (~i') /.,' 
which iR quito IletermÜlOd by the isothermal, antl fo)' which therrforC' 
the true value may be found from cvery equëttion which rcpresents 
tho isothermal. Only fol' i:fuch <lIl equation which besic1es reprei:fenting 
conect1y the isothel'mal, also nssumes thc accurate value for IJ allel 

(dIJ) , ( l' dp ) 
60 also for - ,the true valne tor - -;- can be found. 

dv T p dl' '" 
It is kllown that if in tho eqllation (1) b is kept constant, aud if 

wr take a as <1opell<ling on the temperatul'e, the factor 4 l'isrs tn 
7, if we aRf,UJllC .:;urh ,t depentlancc on the tempcratul'(', thnt: 

at '1' = 1'/.. It will app<.'al' 1'1'0111 what follows, that the compl'esRi
bility ot' tho lIlolc('ule, or to US(' fl ",lfN tl'l'lIl tlw yal'iability of 0, 

will mise the value of (.!.. dp
) tn Jl(,ill'l~ 7, oven without a hring' 

p ti'}' " 
ft functioll of thc tempel'atUl'l~. 

Lpt U" wl'itp lL~aill: 

IJ = f('1') + IIV - 'J' (d~~) +.Pb _ T (d~?) 
dl /1 dJ b 

thcn we find: 
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dPv 
Ir we restrict ourselves to thc term -d ,sa if we do not assume 

t'T 

thc quantity a in the exprC'Rsioll ~ to ur a function of the tem-
v~ 

pcmturr, tllCJl: 

(.!.. dp ) _ 1 (.::...) 
p ,d'[' - + pv2 ,". 

1 a 
On the supposition that b is constant, [ile has the value of

27 
b

2 

alld Vl the vnlne 3" and we calculate (: ~,) le 1 + 3 = 4. 

If however, b is variauIe aud if this quantity follows a course aR 

discussed in the precec1illg' pages, then pI. = G
7 

• 2. -; and vle=2,03 ble, 
27 bi. 

nnd we fin<1: 

( 
Tdp) --;-, = 1 + 5.7 = 6,7 , 
P d'J lc 

lil perfect accordance with what I had pl'eviously calrulated fol' it, 

viz. O,:~943' (Continuiteit I p. 159). Also ta this quantity applirs 

what has been ouseJ'vC'd for (~~,) lc' viz. that if a l'eason is fOHncl 

which reduccs the critical volume from 3 to flbout 2, the otllC' l' 
quantities chnraetC'rizin~' the cri ti cal point, whi('h (liffol' l1111rh frolll 
tlle PI eviously culculatf'd valnes, arc at the samo ti mC' rOl'l'rrfr(l. 

But thell it nppoal's nt the Rnme time th at : 

IllURt/ he equnJ 

N (
dPb). ow -- IR 
db l' 

to 0, Ol' n,t nny mtC' so Rllwll tllfLt it lIlay ho IH'g'leeted. 

rIJ unI tn: 
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/dPb) fRT 
\ db T (b-bo) 

If we theJ'cfoJ'c put: 
a 

(; =f(T) -- + Pb 
v 

then: 

( 
T!lp ) ( a ) ( db (v-b ) ~ -- == 1 + - 11 + --- f- - 1 • 

dp d'l' 7. pv2 kI dVl b-bo k 

I 

db v-b 
.A.e(,ol'clill~ to the valueFl ",hieh - ::md -- have in tbc critical 

dv'l v-bo 
point: 

db (V-b) ( 21 ) 
dVT I b-b

o 
- 1 wouM be 0,138 2. 15 - 1 

or ahout 0,248. 

1· !' 11 1 . f rl
2 
Pb 1 1 11 Fl'om t us 10 aws t lat) 7' db ii' was equa to 7,ero, wc s lOU ( 

have to add neal'Iy 1/4< of 6,7 to the value of - ~ - and conse-( 
Td ) 
p dr 1.' ' 

quently this value would. not be fouud too f>11li\,11, but lUnch too 
large. This error is nvoidcd, if wc put: 

which is thc casc, as we observcd whon ealeu1ating the speeific 
heat, if we assume the atomie fOl'ces ab proportionaJ to the temporaturo. 

Thc eonsequcnces of sueh an ltflsumptioll arc s01l1cwhat str,tllgc. 
In this case b,,-bo would. be tIIG same fOl' all tempemtul'Gs, and b 
does not depend 011 tho tcmpcrature. 'J'hcn tho lUolc(mles are <,oJll
pressiblo, but do not expand by heat, whielt is in opposition 
to what I expeeted at thc beginning of thil:l invostigatioll. Am! r 
mURt cOllfess that in spite of the many l'cmarJmble results which 
we have obtaincd, aud which al'e aceeptalJle, this result has made 
me (loubt whC'tllel' the "alculatoü fOI'mula fOI' b, i!Joug'h it indicatcs 
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the course of h fairly nccUl'ntely, has really the theoretical signIfi
cation, whieh we should flssign to it, if 'we use it to explain such 
large rhltnges in thc valuc of b, as is givC'U for it by the equation 
of statC'. But wc met already with the same difficulty in the detel'
mination óf the speeific heat, fol' the rotations, which we have to 
assume, if there is no potential cnergy for the molecule, are in 
themselves very probable. That the re sult is very neltr the truth 
scrJ11S to appcnr froJll whnt follows. A gas fo11ows thc lnw of BOYLE 

at vrry large volmnrs, ns: 

If wo illtrouuce tho critical tempcrature, whieh acrording to wl1at 
pl'CrCdl's is hut litHe below: 

wc finu: 
']' 27 bl. 

T'J = 8" (bg)T • 

So, if we keep b nlwnys constant in the equation of state, the 
l'esult is that the tempemtuL'c, at which a ga'3 in the utmost ral'efieu 

htate follows the law of BOYLE, is ~7 times higher than thr 

critical temperature. If Oll the other hand, we assume b to he 
variabIe with the degree of dellsity, [tud if we benr in mind that 
bi. amounts to about 0,86 of b", aR it iK at tbr critical tC'mpcrntul'c, 
thc pl'cccfling' cquatioll becomes: 

Tl' 27 X 0,86 (bqh" (bg}Tk 
-=------ ---- =2,9-- . 
Tt.. 8 (blJl1' (&g1'1' 

ACCOl'.!illg to ft l'C'llull'k of DAN IEL BERTHELO'l' (Quelqucs remur" 
qlH'R ctc. Arel!. N (i 01'1. 'romc V pag'. 439) the cxpcrinlOnt fUl'llishcs thr 
value 2,U3 to 2,Ht; for tllc pl'opol'tioll of these tempomtul'es. Fl'om thii'J 
value wc mn.y most likoly eonclude th at tho vnlno of b.'1 is tho smne nt 
tJH'<;(J two tCll1pC'l'fttllJ'C'S which r]iffpl' so widely. If therefol'c I continue 
Rpeuking' of tlw flOJllpl'l'~Hiuiliry of tlw molecules, I do so with 
l'(N'1 \'1', uut yl't jJl thp 1'1\jlCCtèltioll thaL this qucstioll llmy ba ucciJcu 
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by furthor invostigafion, when somo more tl'ustworthy serios Cl 

values of b at widely !lifrol'ing tempemtlll'es will have Fmpplü'd 
values for tho cuofficients of tho oCJuation. 

If we accept the result, tllHt tho temporaturc has 110 illfluence Oll 

Tl) ~ 
t1l0 value of IJ, tl,fJ perfectly OOl'!·o('t., tIJen (-~ llIa)' be bl'ol1~'ht 

pil! /. 
unrlül' iho following' form: 

( 
\ ')' 1 ) 

Bntw()cl!l IJ:~7') /lnd (_!.!.. WI' fillCl tllO f()]lowin~' I'p]atioll: -
I l' d'l' 

3 

({~.)kX Ç'd~\~= 1-(~-11' 

If [; is kopt constant, thcn (.pv.) = 8
3 

and ('J' a
p) = 4, and thr 

, N'l' 1_ P cl'}' 

lH'OUllct fUl'l1ishes %, t110 value of the secon<1 mcmbcr if a and ti 

arc zero. If (~;,) 1. = 3
1
.4 and Ci d~;') = 6.7, as w: 1w,yo ralculated 

for 002, we find 1 - a - /3 = 0,762, quite in accordance with thr 
formerly accepted values of ct and /3. 

80 ihe equatioll of state of a substauce contillues Lo contain two 
parameters a and b. Por a we have assumed that this quantity is 
constant, but fol' b that it depenrls on 3 constants, Vil. b", Óo and f. 

By means of the gi ven relation botweon band the threo rOllstants, 
on which it depends, the three quantities bk, ti: and /J are lIeter
mineu (we shall presentJy return to this uetermination). The experi
ment furnishes four uata, fl'oJll which inversely the four unknowll 
qwmtities a, (Ik, ti: mld 1:1 might be ealculatell. The fom dat:t of 

'J'd) the experiment are, v,", Pk, RTl.' anel (- ;/' - fol' whieh we rcm 
P el. ,~ 

( PV) ('l' elP) 
[1.180 take Pk, RTkl Rl' la :tnd p dl' k' 

The two last mentioned are numeric values, and thel'efol'e indepen~ 

dent of a lmd ,bk. If we put (;;,) la = X alH] (J;: ;~) k = Y, wr 
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calculate a and (3 from thc two equations: 

1 
y=------

3 I-a 
1-- -----:: 

4 l-a-(3 

3 1 9 I-a x-- -- . 
- 2 1 - a - (j 8 (1 - a - (3)2 

The l'esult is: 

a=l-

1 2 ---
(i= ~ y. 

Xy 

If the above eousideratiol1s arc pel'feetly accurate, then (3 must 
be of the order of a, alld 5mallel' thall a. 

In order to cflleulatc UI. wc eau muke usc of tho cquation: 

RTl.; 1 + 2 ( a + ;1) 
bI.: = 8- R q (1 - a - 4 (1) • 

PIc (1 - a - IJ)~ 

Ir ct and ;1 = 0, we get th(> woll-kl1owl1 equation: 

Ry lIlCHJlR of thr auo\'o valucs of u [tUcI /1 {'Ol' 002, w(' find: 

RTt.: 
bk= • 

6,807 fik 

From tbis wo calculntc bl.; = 0,00225, from which would foUow 
the vnJnc of O,00261[) fol' hq• 

I/ • 

Also by tho introductioll of tllr qunntities X and Y we should 
be aLle to ('ttlculate /ik fl'OIll ; 
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h::::: Rl'l..(X _ ~) . 
pI. Y 

1 
Wil]} X=-fUl(l y-û.7 Vi'(' ('alrlllatl': 

:3. t 

RTf... 1 
bI. = --;z- G.9' 

fl'olll whieh fol1ows that bI.. = 0,00222 ana by = 0,002G8. 
1'ho qualltity ct may 1.)(' calrulatod 1'1'0111 tile equation: 

from whieh wc 611<1 fol' a tIl!' vitlue of 0,0085G. If wc introduro 
thc qmmtitics X anel Y inRteau of (t and /1, wC' have for the ('alen
lation of Ct HH' l'([uatioll: 

(RT )2 
a::::: _1_~ X2 (Y _ 1). 

'PI_ 

If X and Y are - I an<1 G,7 we fil1<l from this for a tho va1uo 
3,4 

0,008484-, so about 3 percent 1owrl' thnn waR a"lsumoil for thc ('[tl
l'UlatiOl1 of thl\ berici' of vaJucs of /J. 

Wh en determining the eritical volume of c31'bonio acid, we obse1'ved 
(p. 582) that the equations (5) anel (4) of p. 580 are not perfect1y 
s!~tisfied, if f(H' f the valuc 2 a.nd fol' bo the valu(I 0,0007 was assumed. 

This l1light in the first place be owing to the fact that we have 
to cOllside1' equation (4) on1y as an approximation. But even if we 
g-rant this, it )'emains flesimble to investi.g'atc in how far suah an 
equation can make tllt~ observatiou anel the caleu1ation agl'ee. Tho1'o
fore I hayo illvestigatell what valuc'3 land bo ought to have in 
equation (4), in 01'1101' to make thc agreement perfect. 

This l'rmains ft w{))'k that l'equil'es longer ealcu]ationR. For thi~ 
purpose I bl'Ought equation (5) of p. 580 umlel' ttnothor f'orm. Jf 
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tlle qu,mtity (ij - ba)2 i'l l'eplebcnteJ hy ,'r, Wc fiud from (4): 
bf) - bo 

v-IJ V.r 
b~/- bo -f(l- -=- ,I) 

Z'n lf we put ft for , theu: 
b" - Vo 

v l+f(l-~)(l+~) 
V,I 

1 dli f' I I 1 N ow -, or whwh WP 1011111 t le '.L liP: 
do 

Jl' = -- --[-( v ~ 1:)2-(----,;= v )2J-
1 +f -- + - _o-

b - lio b" - bu 

t.m abo ue givcll uudt,l' the f'ollnwlIIg fOl'IIl: 

allel [:,0: 

T!'or 

elf) 1 
--- -------, 
do 1 + ~ _1 + .r _ 

f (1-,'11)2 

1 1 + ,J' 

db t (1 - .v)2 
1 - - = -------

do 1 1 1 + 1/' 

-/- f (l-a·}2 
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we find: 

or 

------
2 db 

1- -
dv 

1 l+.r 1 1 

I (1 - 1)2 f (1 -:cl (1 + ,1') 

\ 11+.1'/2 
tI + 7 (l _ X)2j 

lf wc intl'ouuce thi::; value in (5), wo got tho following equation: 

Here we havo arelation botween thc 3 quautities I, .I' aud Il' Dy 

making usc of the valuc' which ct = db must have in ordor to pru
dv 

perly represent tho critical quantities, wc havo arclation uctwecll 
f ftnu .r. Be: 

1 
1 = 0,132. 

1 +_ 1+,v 
1 (1- $)2 , 

(1-:c)2 1 ,(1_.1·)2/2 
Then I =0,152allu 1+1 j :::::1,327. 

1+.v 1+.& 

We write thcl'efore: 

1,9905 ( U) 
---(--::-1-''11)-::::1- = 1 + f (1-.1') 1 + V $ • 

1 +1 l+x 

Ir we W:!SU1l1C f = 2, we fincl 1 - .1' ::::: 0,358, anel wc can caIcu
late p. With these data wc find fl = 0,2B4, WllCl'ea!:l tbe cquation 

for b, whieh we had drawn up, contains 'for ft tho value 1
7
9 = 0,308. 
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If WiJ hlt(l kupt thil-l "alun fOl' ,u, wc (JouW have caleulatetl J, and 
wc should not hêLVC foullcl 2 but about 1,8. 

80 th ere il-l no perfect concol'clance. Wh ether thib illVO]YCR tlmt 
the given equation is onlyall appl'oximation, Ol' whethel' the imperfect 
agl'rement is the eOllscqucnce of the ccrtaillly not absolute accurltcy 
of the ObSCl'vfltions, call1lot Le dC'(JjJcd fol' the preRent. 

80 I haNe to lcave lJ,nexplaineLl the result f'ul'llisllC'd Ly the 'Scries 
of vn.lues for h, whirh are goiven fol' t = 13°,1. Thi::; series n.grccR 
arcumtely with ft fOl'mula of thc goi ven farm, which appears from 
tho followimr valut's, Take again f = 2, but ba = 0,0008, aml put 
li!f - bo aS ulllmown; thell wc filHl, beginnillg again with the bmallest 
volume: 

\ 

v 0,0020527 b" -bu = 0,00165 

20937 164 

Li'l uill 21822 1635 
volu l!1 es 

I 22234 161 

22617 1622 

l 
12933 lü54 

G,l~volllllles. 1303ü 160 

13764 168 

rrhollg 11 thil-l }ll'O"Cl-l ('011 villl'iugly, Hw t Uw 1i<]uid portio]) of tbc 
ibotl1Cl'l1lal allll tllC gaf, portiol1 follow ex/wtly thc same equation, it 
remains U1lexplailled tlmt ua is founu to he here greater than 
in tbe serics of valuei:! at higher tomperatul'e. In l'cality !Iq is 
0,00165 + 0,0008 = 0,00246 fol' thül H(}l'iml; hut thc ditfm'oncc 
bt'tween thü, valuo anrI 0,0026, as it is at a Iittle morc thn.ll 300

, 

Cal\llOt he explainod uithel', 
1!'inally I will point out a result of thc g'iveJl cquatioll 1'01' b. If 

\\ (' write: 
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or 

(
p +~) (v-ba) + f Rl' __ ft_e:..-b-.-;bo_} -- = (1 + f) RT, 

v2 a 
p + -"2 + a (b-bo) v 

it appoars tlmt ut ft VOl'y high degl'ce of dom,ity, wlwil ct (b-bo) 

will have becomr but a vel'y small part of p + a
2

, thc cqtuttion ot 
v 

state tonds to: 

(iJ + ;) (v-óo) = (1 +/) 10'. 

'fhe eundrtioll come& 11ea1'e1' and nea1'e1' to bueh ,t 0110 rOl' whwh 
the complex moleeule& may,be eonsidereu as bloken up into single 
atoms. With the disappearance of the atomie fOlCes the mo(le of 
motion will naturally tend more and more to ft free motion of tIJe 
atoms in all directio11s, and sa to au amount fol' tho spocifie ho,tt, 
as if there were as many molecules, aR we e]so &hould say atom~. 
For the liquid stato we have no eXpel'inlOnt,tl data in this l'O&poct, 
But tor tbe "ulid state the la,w of DULONG and PETIT point<, 111 that 
direction. Moreover we have to assume wIth BOLl'ZMANN fol' the 
solid &tate, that the &peeifie heat will he fOUllJ twice a& grcat, on 
aceount of the pl'operty of a bulid hody to keep eVl'ry matOl'Ï.t1 point 
fixcd at a cCl'tain place. 'fhis doublo amount will, hu wo VOl', Bot ua 
found fol' the liquid state. 

or 

of u_eb-b_o) Thc alllount 1& eall'ulated fl'om til(' o(luation: 
a 

p + v2 

NT 
l-b-bo v-b 

v-b = "a------
p + 2" + ft (b-bo) 

v 

a (b-b ) v-b 
__ -,0,-,- = f --- 1 

tt b-bo 
lJ + v2 

j 

Far v = 0,0020527, ho = 0,0008 and 1= 2, we find for it a 
value of nearly 0,275. 
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Mineralogy. - Prof. J. L. C. SCHROEDER VAN DER KOLK: u On 
hardness in rninerals in connection witk cleavage." 

In 1852 KENNGOTT tried to find out the connertion between the 
hardness of rnineralR on the one hand and their spE'cific gravity and 
molecular weight on the other. For the purpose he choose corundum 
and hematite and taking in consideration the molecular weight of the 
two rninerals found the specific gravity of corundum to be very 
high, comparatively speaking, although practically it was lower than 
that of hematite. Comparing a great number of other minerals in 
the same way (taking them in twos) he found the rule, that a 
mineral which has, as KENNGOTT caUs it, the greatest relative 
specific gravity also has the greatest hardness. 

A standard for the relative amount of specific gl'avity may be 
found, when dividing this by the figure representing the molecular 
wt'ight. We shall th en find for corundurn (the harder mineral of 
the two) the quotient 0,039, for hematite, it will be no more than 
0,033. 

In his investigation KENNGOTT has lirnited himself to rninerals, 
which crystaUographically bear great resemblance, of which the com· 
position chernicaUy is analogous and which possess an equal degree 
of cleavage. This, as we shall see, is of great importance to obtain 
satisfactory results. 

H owever I thought desirabIe to try and compare those mineraIs, 
which are less analogous. Even though the results should be con
tradictory, that vel'y fact might open new vista's. 

A first trial with the elernents, in which the specific gravity had 
to be divided by the atomie weight was not unsatisfactory. 

Diarnond, by far the hardest substance proved also to yield the 
largest quotient (cornpactness) i.e. 0.293; the only substance, which 
sornehow cornes near to it is crystalline borium, tho quotient being 
0.245. Good results I also obtained among others, with the following 
mctals: nickel (0,147), manganese (0,145), iron (0,141), chromium 
(0,133), iridium (0,119), platinum (0,109), gold (0,098), lead 
(0,055), sodium (0,042), potassiurn (0,022) etc. I shall later speak 
of some few excoptions which, as we shall then sec, are however 
only apparent ones: instances of these apparent exceptions are be
ryllium (0,233) and copper (0,141). 

When however we compare the quotients with those we ootain 
with corundum and hematite, they seem C'ontradictory; for corunduDl 
a ve{fy hard substance, we found 0,039, for lead (a soft substance) 
a higher figure 0,055. Amoment's consideration ho wever, willlead 

44 
Proceedings Royal Acad. Amsterdam. Vol. HL 
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us to conclude, that it won't (10, in the anc case, to dividc- by the 
figures representillg the atomie weight, in the other by t!lOse repre
senting the molecular weight; instead of dividing by the latter, wc 

must do so by tho avorage atomie woigI1t m. g. 1) or, ~ which comes 
n. 

to tbc same, Dlultiply the quoticnt wc obtaincd, (with thc molecular 
woight as divider) with thc number of atoms of the molecule. l'he11 
we cun better compare thc results ; for cOl'Undum ~multiplied with 
5 yields the very high quotiellt 0,HJ5; hematite that of 0,165. 

On fm-ther trial, I found, that hydroxyl, in the top az for instance, 
isomorphously, as it is callec1, r~placed by fluor, must in our calcula
tion be treated as one single atom; tho same hoIds f~r NH4. in 
salmiak. 

300 minerals I have submitte<l to this ualculation, as will be more 
fuUy expoullded all in a_ trcatise, for the moment 110ft uJlconsiderod 
the zoolithes anel snelt like mineraIs. 

1'l'uly, by multiplying with the atom-1fumbel', we have in a groat 
moaSUl'e, addeel to tho possibility of compal'iug minel'uls, -but still 
tho fil'st list of results looks far from promisillg; fol' a minoral, 
which is genorally known for its soft substanco, su eh as graphitc, 
yields tl~e high quotiont 0,188, whercas talc, which is kuown for 
thc same quality has for quotient O,14J, just as iron. On the otller 
hand quarz, known for its hal1dnoss, yiolds the comparatively low 
quotient 0,132. Still, too mauy good rosults wero obtained, to give 
up furthe'r trial. 

In order bottel' to ovorlook tho matter, I luwe arrangocl the minemIs 
according to thei!' quotient makillg uso of tho scalo of MOIlS to stato 
tho l'ospccti ve hardness, hOWO\'01' not in figures but by a sort óf ordi
nates. 1'ho tops of theso o1'dinates may be joillod anel by doing so, wo get 
a poculiar zig-zag lino, which gots lower us the quotients diminish: 
consoquolltly the hardnoss on thc whoIe, diminishos with tho quotient. 
Tho irregular zig-zag line howevor shows, that thero al'O still disturb
ances, which wc have not taken in account, but then these disturb
ancos are explainotl, wh on we eonsido1' cleavage a factor, for in 
the minima we fiud the minerals k110Wll for their perfect cleavage, 
in the maxima thol:!e known for imperfect cloavago. 2). 

1) 11 = llumuer of aLol1lS iu thc JIlolecule. "-
2) Besidcs thc fuculty of more 01' leas pel'l'cuL clolll'age Lhe IItUlI bel' of directiolls is 

ol sigllificnnce. :[I'Ol'- when II clcavuge-planc is rich iu molecules, the ric}lJIess wiJl 
decreil~e with the uUllluel' ot the clcavage-plllueti. With !lil iudetillile uumuer of 
eleuvngc-diJ'ectious pJ'LLcticully HOt u siugle cleuvnge plane would stund out ror riclmess 
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This rule holus till thc maxima on thc zig-zag lino fall below 

the harelness 5 (MOHS). From that moment all regularity stops. 
The cause of this new tlisturbance is soon found, when we look 

for the minerals on thc scale of MOilS. It then appears th at the 
ll1utual position of the highest 5 degrees of .Mons remains on the 
whole the same on the list, that on the other hand the lowest fi ve 
minerals on the scale of MOIls (thase of the hardness 5 and la wel') 
are scattered all over our list in irregular order. The condition of 
hardness of the lowest degrees of MORS iil onIy apparent, the results 
of more or less perfect cleavage, so for instance number 1 of MORs 
admits of cleavage only in one dil'ection, number 2 in two, number 
3 in three anel number 4 in four 1). 80 we shoultl distinguish 
between two sorts of hardness, a theoretical anc, which will princi
pally depend upon the quoticnts and an experiment, one whieh in a 
high degree depenus on cleavage. 

It is true not one single ll10tal can practically reach its theoretical 
hardness, sa we must con si der it to be the limit which - the quotient 
given - experimental hardness can approach; still theoretical hardness 
is a quantity, which is important. 

For since on the one hand we have found, that cleavage may in 
a high degreo lowel' exp0l'imental harunoss, there are on the other 
hanel phenomena showing, th at an inpeelimont of elel1vage may con
siderably increase the quality hardness. Thc cases are pcrhaps not 
numerous, but thcy are not htcking. 

For in stance biotite, a minoral known fol' its perfect cleavage, 
almast ontirely loses that fltculty aud changes into so-calleel rubellane, 
but then the hal'dness incroases. Something of the same kind we 
see happening in talc, whieh by hcating' 10ses its cleavage alld gets 
eOllsidel'ably harder. Also incluDUl'CS of fOl'eign mineraIs, though ever 
sa few may impede cleavage. The l1licro~cope shows mally instances. 
1. e. amphibole, which is of perfect clcavago, is oftèn interspersed 
with apatite-needlcs, whieh here more or 1('88 act thc part of naiI8 
anel pl'event cleavagc. 'What makes the phcnOItlCnOll peculial' is, that 

of molecules und we sl\Ould huve tu deal with tl substnllce tltat aclillits ot' 110 clrtlvage
<.lirections. A substullce \\'ith 4 or 6 clenvnge·directions, in harclness experilUeuts, 
comes to the slllue with a llwLel'Înl of imperfect cleuvnge; in a slIlaller degrce this is 
the cuse in cubic cleavuge, in a still smallel' tlegree in rhOlllbohedl"lll cleamge anti iu 
the smallest degree in clenvnge, in one single (lil·ection. 

1) This faculty of o1eavage !lcts iL great part in all researches, l1l1dertnken to tind 
out the expel'imental lmr<luess. OonsequellHy tbe successioll of the scale of :MOIIS 

has relllnilled unaltered bath ",heu experimcutillg with the slderomeb'!' ns with the 
borillg-methods of P~'A!I~' or with thc pressure ()f a lens uguillsl tL j1hmc (AuERllAea). 

44* 
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the addition need be but very small and the degree of hardness not 
very great: the question here is only to impede cleavage or gliding. 

But then similar phenomena we know excellently weU in alloys, in 
which very smaH additions may considerably increase the hardness 
of the main substance, and these additions in themselves lleed not 
be very hard. This is a known faci of iron, but the quotient of 
copper (its theoretical hardness) is equally great as that of iron; so 
copper by the addition of smaH quantities of other clements must 
be able to acqnil'e not on1y the hardness of iron, but also that of 
steel. 80 by these additions we must impede cleavage or gliding in 
copper. For this purpose it is preferabIe to choose elements, which 
are not too near akin to copper, because they lllay possess the same 
cleavage or form an isomorphous mixture. 

What has been said of copper as a matter of course, holds for 
all metals, not one, as we may say, entirely lacking cleavage or 
translation. 80 not a single metal will re ach its theoretical hardness. 
In the first place however this may be said of the mehl beryllium, 
which yields the very high quotient 0,233. AcC'ording to its quotient 
(theoretical hardness) it should be able to attain an experimental 
hardness, which greatly exceeds that of steel. 

Astronomy. - On the luminosity of the fixed stars. By PlOf. 

J. O. K.A.PTEYN. 

1. J1 ean parallrtx of stars of determined magnitude and propm' 
motion. 

In a paper published elsewbere 1) I found for the mean parallax 
n,.,... of stars of a determined proper motion fl and a determined 
magnitude m (Potsdam systern) the formula 

• (1) 

The values of the constants were derived as weU for the whole 
of the stars as for the stars of the first and second spectral type 
(8ecchi's notation) separately. 

1) Publ. of tlle Ast!'. Labor. at Gromngen No. 8, On the mean parallax of stars 
of determined proper motIon and magnitude. 
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I found 

Type I Type n. All the stars. 

A 0.116 0.0262 0.0387 

I 'P 1.11 1.54 1.405 . (2) 

IJ 0.905 0.905 0.905 

The spectra were there, as they are in this paper, taken from 
Pickerillg's »Draper Catalogue". Exceptions to this rule will be 
expressly stated. This catalogue will be denoted by the letters D.e. 
The relation (1) was derived: 

1 st From directly measured palallaxeE>, almost exclusively using 
the longi::st and most rebable series of such mE'asures. 

2nd From tbe mean parallax of stars of different magnitudes, 
according to tbe determination w hich was communicated to the 
Academy in tbe meeting of October 1897 1). 

A further confirmation of the values of tbe palallax given by 
formula (1) for the stars with extremely smaH proper motions was 
found in the strong cundensation towards tbe milky way of the bright 
stars with very sm all proper motions (see Proceedings Jan. 1893), 
as compared with tbe condensation for the wbole of the fainter stars. 

The values for type 1 are, comparatively speaking, very uncer
tain. This is eXplained hy the tact that for this type large proper 
motions are exceedingly E>carce, in consequence of wbicb the paral
laxes of very tew stars of this type, and these exclusively very bright 
ones, have been directly determined. 

For type II the circumstances are much more favourable. Still 
the values given for this type and for the whole of tbe stars must 
only be considered as preliminary results, which may be altered some
what by the here following considerations. 

2. Probability that a star's parallax exceeds its mean value 1'n 

a given proporlion. 

In the paper quoted I also tried to derive tbe probability tbat 
the parallax of any arbitrarIly chosen star shall exceed its mean 

1) The only alterntion made in the figures there given is n sInall correctioll, which 
has heen npplied to the me.lll magnitude of the stars 0-3.5, in order to bring them 
in better accOldance with the best photometric determinatlons. 
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va luc, computcc1 by formula (1), in a givon proportion. 'I'hii detet'
millati011, which llecessal'ily must oe VÛ1'y l'ough, was based on the 
hypothesis that the quantities 

n 
z = log

no 
. . : • (3) 

w here n is the tl'ue, allu no tbe ]Jl'obable parallax, arc distl'ibuted 
aecording to the law of errors. -

Ey thi::; hypothesis the detCl'Inination of the rcquired probability 
WHS redllced to the del'ivation of a single quantity, fol' wlJÏch the pro
bable amount (1/) of z was ('hosen. 

1'ho relations betweoll tbo prooablc parallax '1"0 and tho mean par
allax ;. is given oy tho fosmula 

- - 4 mod'~ (0 476\14 .... )1 - " SQ"p'i 
1fo = 77:. e ::::: n. e-'" -I • • • • (4) 

The valuo of I! was del'ived from t110 observed parallaxes m dif
ferent ways. '1'ho valllo which was finally adopted is 

l! ::::: 0.19 ± 0.02. . • • • • • • (5) 

Introducing this value, (4) becomes 

no = 0.810 ;; . • . • • (6) 

Tho true uneol'tainty of this value of {! is somewhat largel' pro
bably 1han is indièated Ly' the p. e.; it can not be doubtod however 
that the t1'ue value of I! must be VCl'y small. It thus appears that 
the proper motion, combined wiLh the magnitude of a star, affords 
a very good critel'ion of its distanee, It is not difficult by meaJlS 
of the value (5) of (! to compute a table giving the probability that 
the parallax of an arbitrarily chosen star exceecls ct timos its mean 
value;. Sueh a table is given in the paper quoted above. It appears 
that the probability is 0.5 that tIle parallax. of a star taken at random 
shall be included between 

0.523 -; and 1.2G5 -; Ol' between na and 1.55 nOl 
1.55 

where no is tho prohable parallax eomputed by the formulae (1) and (6). 
The aceuracy of all these detcrminations (with the exceptioD per

haps of those fol' iypC' I) is all'C'ady so consioorable !.lS to jnstify 
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au attempt to determine fl'om these data, eombined with tho knowIl 
num Lor of stars of determillod magnitude and proper motion, the 

. number of stars of determined apparent magnitude within a givOll dis
tanee from the solar system, and from these llumbers again to eon
eludo the relative frequeney of stars of detel'milled absoluto luminosity. 

3. Data {or pl'opm' motton , magnitude, mul nU1I1ber of 
stars of ({, given magnitude. 

For the northern hemisphere the neeessary data about tho proper 
motions of stars brightor than 6.5 can be del'iveu from AUWERS 

BRADLEY. 
To the proper motions derived from this souree I have applied 

the following corrections : 
a. A. correction ol'iginating in a conection to tho constant 

of precession of - 0.000446 of its amount. 
b. A correction to the motions in declination of - 0".008 

fol' declinatiolls south of + 51 0 30' and of - 0".001 fol' more 
northern declinations. 

These values of the eorrections are 110t yet the best which ean be 
derived, but they diffel' very little from them. For the fainter stars 
tbe data about proper motions are mueh moré unccrtain. 

Still I think I have succeeàed in collecting even for these stars 
su eh data as will suffice to furnish a good check 011 the l'esults 
rlerived from the brighter ones. 

1'0 derive data for the number of stars of a gi ven magnitudo the 
following Bourees were used: 

a. Gore. 'l'he hundred brightes.t stars. Knowlec1ge Sept. 1900 p. 202. 
b. Kobold. (Vierteljahrsschr. der A.. G. Vol. 34 p. 213). 
From these two sourees I could derivo directly the numbers of 

stars of different magnitudes up to 5.5, aceordillg to photometric 
deterrninations. A eorrection of + 0 m 17 (see Potsdam Obs. Vol. 13, 
p. 459) has been applied to reduce the Harvard reslllts to tho 
Potsdam scale. 

c. For fu.inter stars the data of the B. D. wcrc usod. 'file COl'l'C{;

tiOIlS whieh are necessary to reduce the magnitudes of this work 
to the Potsdam scale arc now known with tolerabIe accuracy. For 
the magnitudes 3.0-7.0 these eorreetions are goi ven in the Potsdam 
D. M. (Potsd. Obs. Vol. 13, p. 454) i fol' the magnitudes 6.5-9.0 
by the investigations of SEEL TOER (Betracht. üb. die raümliehe Ver
theilung der Fixsternc. Abh. der IC bayer. AIr. der ,Viss. 2c Ol. 
1ge1' Bd. 3c Abth. S. 21). The lllean was taken of SEELIGER'S values 
for the declinations 0°_49°. SrmLIOElt'R (lata, whf'n reduceJ to tho 



- 688 -

( 662 ) 

Potsdam seale, agree very weIl with the values whieh have been 
found in Potsdam for the magnitudes 6.5 and 7 O. 

From all these data I find the folloWlllg eomparison of the mag· 
nitudes of the B. D. with the Potsdam photometl'ie magnitudes. For 
the latter we have as is weIl known 

1 intensity of star of mag m _ 0 4 (7) 
og intensity of star of mag m + 1 - .. . . 

BD. Potsdam. 
3.0 3.38 

\ 
4.0 4.25 \ 
5.0 5.08 

6.0 6.01 

6.5 6.59 

7.0 7.13 . . . (8). 

7.5 7.68 

8.0 8.18 

8.5 8.77 
I 

9.0 9.37 I 

It was assumed that the magnitudes of AUWERS BRADLEY are 
homogeneous with those of the B.D. 

For the numbers of stUIS I find from tbe jllst mentioned sou rees, 
aftel' a careful reduction ta rounded off values of tbe magnitude 
aceording to the Potsdam seale: 

Potsd. mag. 
bl'ightel' than 1.50 

1.50-2.50 

2.50-3.50 

3.50-4.50 

4.50-5.50 

5.50-6.50 

6.50-7.50 

7.50 - 8.50 

8.50-9.50 

total 
18 

51 

145 

466 

1 508 

4 944 

15 370 

45 5~0 

153 830 

Typ. I + IJ only. 
17 

47 \ 

133 

456 

1 476 ~. (9) 

4 839 

15 043 

44 56L 

150 557 
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The numbers of Rtars belonging exclusively to the first and second 
spectral types, whi<,h are given in the last column were derived: 
for the magnitudes 0-3.5 from Me. OLEA.N'S determinations; for 
the other magnitudes by multiplying the numbers of the foregoing 

46 
column by 47' 

This ratio was found by actual countings in the D.O. 

4. Numbers of stars wkose proper motion is included between 
given limits. 

In the following table are given the numbers of stars which I 
found between dIfferent limits of proper motion and magnitude. 
The reason why not the total numbers, but only those for types 
1 and II are given, is simply that the lat ter could be more easily 
derived from other countings which had previously been made. The 
difference is practically of 110 importance for the present investigation. 

The stars brig'hter than 1.5 are entil ely omitted ; of all these 
stars the parallax es have been measured. For the formation of the 
following tab les they can be taken directly from the observations. 

Magnitudes 1.5-3.5. The proper motions were taken from NEW
COMB'S Fundamental Oatalogue. 'rhc spectra of those stars, which 
are too far south for the DO. were taken from Me. OLEAN'S Spectra 
of Soutkem Stars (London 1898). 

Magnitudes 3.5-6.5. The currected proper motions of AUWERS 
BRA.DLEY 1) were counted, the magnitudes having been previously 
corrccted by (8). In all there appeared to be of the magnitudes 
3.6-4.5, 4.6-5.5 and 5,6-6.5 respectively 297, 652 and 1017 
steUS. Thus, iu order to get the numbers (9) for the whole of the 
sky, the numbers of stars in BRA.DLEY had to be multiplied by the , 
the respective factors 1.535, 2.264 and 4.756. (Oonsequently to get 
tbe numbers of stars which are aetually in BRA.DLEY, the numbcrs 
of Table 1 must be divided by these same factors). 

Magnitudes 6.5-9.5. Different sourees (.A.UWER8 BRA.DLEY, 
.A.UWERS A G G, Boss A G 0, PORTER'S eatalogue of proper motions, 
combined with eountings iu the catalogues of LALA.NDE and BESSEL) 
Were eonsulted to determine what fraetion the numbers of the stars 
with proper 1l10tions 0"00-0"10, 0"10-0"15, 0"15-0"20 ..... 

/1 
1) Rejected were all the stars which have been incompletely observed by BRADLEY, 

nnd a few others. There remained 2640 sturs in uIl. 
I 
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TABL'E 1. NUlllbcl' of stal's 'fYllc I + TYIIC II in fl1c wl101e slly. 

I~~ i 1;~';\ 'H~ 1
1 

"-'li":" i '.'-' , r 'H'18>-O" 
I (I. \ 2.1 3.1 4.1 5.1 6.1 7.1 8. t I !J.l 

0" .0051 (l 5 'I 22 90 343 1504 I 9010 --;;; 0".000 -0" . 009 

.010- .019 .015 4 15 52 194 638 1896 7313 28184 

I i 
.020- .029 .025 I 1 I 10 I 41 177 505 1010 58S2 21225 

.030- .030 

.010- .049 

.050- .050 

.ono- .069 

.070- .079 

.080- .089 

.000- .090 

.100- .140 

.150- .100 

.200- .209 

.300- .a99 

.400- .400 

.500- .509 

.600- .699 

.700- .790 

.800- .S!!9 I 
o 900- 0.999 

.035 3 

.0'15 3 
I' 

.Oà5 1I 5 

.(l65 I 1 

.075 

.085 

.005 

.125 

2 

I 

5 

.35 1 

.45 1 , 

.55 II 1 

!I .65 I 2 

.75 I 

.85 1 

O. \)5 

1.000- l.100 1.1 

1.200- 1.390 

1.400- 1.599 

1. 6(0- 1. 799 

1.800- 1.999 

1.3 

1.5 

1.7 

1. IJ 

2.000- 2.999 2.5 

3.000- 3.\)99 3.5 

4.000- 4.909 4.5 

5.000- 5.999 5.5 

6.000- G.999 6.5 

7.000- 7.000 7.5 

16 r 27 

U I 27 

13 22 

4 25 

2 

5 

o 

10 

9 

11 

S 

3 

18 

25 

17 

57 

ai 

32 

a 

3 I 

2 

188 542 

03 461 

80 357 

77 252 

1910 4708 

149~ I 3877 
I 

1249 I 3342 

063 I 25<10 

71 247 752 1827 

45 209 692 1337 

54 200 646 802 

152 424 963 1640 

70 181 420 1070 

73 200 315 070 

5 

2 

2 

2 I 

5 

5 

75 

121 

38 

24 

17 

12 I 
(j ! 
7.5 

12.0 

4.5 

1.5 

1.5 

fi.O 

3.0 

1.5 

17S 

J33 

53 

:32 

27 

l:! 

\) 

o 
4.4 

4.4 

0.0 

8.9 

4 5 

4.5 

15809 

12045 

9184 

-0775 

4008 

3614 

2409 

4373 

2033 

919 

422 

196 

60 

36 

21l 

16 

10 

JO 

7.6 

6.0 

1.5 

1.5 

ILO 

6.0 

3.0 

4..5 

Total 11 4,6 )134. 458 1 J4.7614842 1504.02 i 44 576 150607 
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are of tIJ(' whole number of all the stars. The subilivislon of tfld 
proper motioDs 0"000-0"100 was then made by the aid of eertain 
plausible eonditions, whieh are eertainly or probably fulfilled by the 
numbers of small proper motions. Further explanation about this 
point will be given in a subsequellt more detailed publieation. The 
numbers given in the table we re derived by multiplying the total 
nnmbers (9) by the fl'actions whieh have been found in this way. 

In oriler to simplify the computations without sensibly impairing the 
accuracy, all the stars of whieh the magnitude is between 3.5 and 4.5 
between 4.5 and 5.5 etc., were reclconed to be of magnitude 4.1 2) 
respeetively 5.1 etc. Similarly for all the proper motions between 
0."000 and 0."009; 0."010 alld 0."019 etc. the mean proper motions 
0."005, 0."015 etc. were substituted. 

For each magnitude and eaeh proper moiion oeeurring amongst 
the arguments of table 1, the mean parallax was now computed by 
the formula (1). 1 thus founu e. g. for 

p. 111. 0"045, mag 6.1, ;:; = 0"0102, 

whieh value thus l'epresents the mean parallax of the 461 stars 
of whieh aeeording to table 1 thc p. m. and magnitudes are included 
hetween the lirnits 0"040 and Ol/OGO, rqspeetively 5m,5 and 5m ,6. 
By the aid of the table whieh was quoted above it is now easy 
10 compute the number of stars amongst these 461, of which the 
tl'llC parallaxes flJ'e included between given limits. We thus fiud: 

2) If the nnmber of stars of lllngnitnde m or brighter is Am = 1\.. aln, then the meun 
magnitude iii. of' th(' stafs, who~e apparent magnltudes ure includeu bctween the limlts 

- 1 n" .. 1 [ti 1 . m nutl m + 1, will be 111 = m - - + -. .l!Ol' pllOtometnc Ul!lgmtUt es UI m 
1 n a-1 

thE' menn II = 3.2G6. This !l,-i.ves Ul = m + om 596, ror whicb I have tnkE'n m + O.G. 
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Limits of 7r fractioll of Number. tbe whole 

0"00000 and 0"00100 0.001 0 

00100 » 00158 .004 2 

00158 :t 00251 .028 13 

00251 » 00398 .097 45 

00398 » 00631 .209 96 

00631 :t 0100 .275 127 

0100 » 0158 .226 104 , 
0158 I> 0251 .116 54 

0251 » 0398 .0358 16.5 

0398 :t 0631 .0068 3.1 

> 0"0631 .0009 0.4 

1.000 461 

Repeating the same computations for all the numbel's of table 1, 
the following summary is obtained 1). 

In thû second colllmn are given the mean p.nallaxes;', which 
were computed by the formula 

1 1 
5 1 '[f;25-nI5 

"3;. = 1 1 ....... (10) 

n2s - nIs 

The mean parallax ;. given by this formula sat:sfies the condition 
that the absolute magnitude (see next §) computed from it corre
sponds to the mean of the absolute magnitudes of all the stars whose 
parallaxes have values between nl and n2' 

In the last column are givon the volumes of the sphericallayers 

1) A similar table was pllblished by me last year. (Pub!. of tlle Astr. Lab. at Gro
ningen, No. I, p, 93). Since thnt time I found occasion to repeat the whole inves
tigotion with greoter care, so th at th!' lJresent result~ must be considered as more 
trustworthy. 
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TABLE 2. Number of parallaxes in the whole sky (Type I + Type 1I). 
~-- ~-

'Jr' I~II I I I;; /I-O.D 0.1 1.~ I 2.1 3 1 4.1 I 5.1 6.1 7 1 8.1 9 1 
I 

û" .00000-0" .00100 0.4 0.5 3.0 18 0 84 0 440.0 3016 0 15363 8 

.00100- .00158 0".00118 1.0 2.0 8.0 34.0 152 0 667.0 31i58 0 ]6197.0 

.00158- .00251 .00187 1 1.9 2.7 15.2 76.0 306.0 1216 0 5419.0 21953.0 

.00251- .00398 .00296 2.9 7.9 29.1 141.0 531.0 1942 0 6912 0 25578.0 

.00398- .00631 .00469 3.8 14 9 48.7 211.0 770.8 2642 0 7880.0 26044 0 

.00631- 0100 .00743 1 I 1 5.1 20.2 64 7 255 5 901 0 2899 7 7352 0 20977 0 

.0100 - .0158 .0118 6.1 23.7 74.6 248.8 833.5 2403.2 5278.5 14067 5 

.0158 - .0251 .0187 7.3 21.8 74 5 209.4 614.3 ] 556.9 /l003 9 6789.5 

.0251 - .0398 .0296 2 6.5 17.6 59.2 142.4 367.5 780.5 1338 0 2568.4 

.0398 - .0631 .0469 1 2 5 2 11.5 40 1 78 8 177.2 322.5 496.4 792.1 

.0631 - .0100 .0743 1 1 3.3 6.4 23.3 37.7 69.1 114.6 157.3 207 !l 

.0100 - .158 .118 1 1 1 6 3.0 114 15.3 22 9 39.2 45.8 50.0 

>.158 .204. 1 1 2 o 9 1.8 6.2 8.1 ]2.7 18 4 19 6 18.8 

I 11 
2 

1 
5 I 10 \46.0 134.0 I 458.0 I 1476.0 I 4842.0 I 150420 I 44576.5 ) 150607.0 ) 

Vol. 

3140000 

788000 

198000 

49700 

12500 

3140 

788 

198 

49 7 

12 5 

3.14 

1.05 

----0') 
0') 
-J 

'-'" 
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included between two spheres of which the radii correspond to the 
parallaxes of the first column. As unit of volume I took the volume 
of a cube, of which the side is the distance correspontling to a 
parallax of 0"1. The numbers entered in thc columns of thc 
apparent magnitudes -0.9, 0.1 and 1.1 show simply the numbor of 
stars whose measured parallax lies bet ween the corresponding limits 
in the first column. 

6. Absolute lumilZosity and absol1äe magnil1tde. 

A.s unit of luminosity I will adopt the total luminosity of the 
sun. It is true that our knowledge of the relation bet ween the 
quantities of light which we receive from the Bun and from cortain 
fixed stars is still very-impel'fect. This is however of little impor
tance, beoause, when this relation will he better known, it will only 
be necessary to multiply all our results by a certain constant. in 
order to bring them into accordance with the new determination. 

I will here adopt: light of the sun = 40.000.000.000 X light 
of Veg'a, 1). According to the Potsdam measures the apparent 
magnitude of Vega is 0.41. From these data it can be easily 
derived that the sun, wben transfer red to ft distance corresponding 
to the parallax 11: = 0"10, would have the apparent magnitude 5.48. 
I will adopt 5m,5, which accidentally a;);rees exactly with the mean 
magnitude of the Bradley stars. If we put further: 

L = luminasity, Ol' total illuminating power of a stal' of appa
rent magnitude mand parallax = 11:, 

wc fiod easily by the rolation (7): 

lOf} L = 0.2000 - 0.4 111 - 2 log JE. • • • • - (11) 

We furtber define the absolute magnitude (.M) of a star, ofwhich 
the parallax is 11: and the distance 1', as the apparent magnitude which 
that star would have if it was kansferred to a distance from the 
sun corresponding to a parallax of 01/1. It is easily seen that 

111 = m - 5 lOf} r = m + 5 + 5 log n = 5.5 - 2.5 log L. (12) 

Far the sun L = 1 j the formula thus gives for the absolute magni
tude of the SUil 111 = 5.5, in accordance with what has been said above. 

') Young, General Aetronomy p. 213. 
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TAB L E 3. Log. number or stars lIer uuit of volume. 

-7.S51-6.5J-5.551-4.5S/-3.551-2.551-1,551-0.55/ 0.4511.4-512.45T3~45/4.~5.4516.4517.45IS.4519.45llO.45 . 
_I uI I \)enslty. 

5.2214.8214 4214.02~.6213.2~12.8212.4212.~1.6211 ___ 221 0.82/ 0.421 0.02/9.62/ 9.22IS.8218 421S.02 ~ !lean or I -
r 102. 

L 
\ 

0".00118 84.7 

.001S7 53.5 

.00296 33.8 

.00469 21.3 

.00743 13.5 

.Oll8 8.47 

.0187 5.35 

.0296 3.38 

.0469 2.13 

.0743 1.35 

.1lS 0.S5 

- .204 0.49 

3.5113.S1 14.40 5.013 5 685 6.326F~68 7.7131 I 
4.11 4.38 .~ 5.286 5.984 6.589 7.188 ~18.44(j 

5.18 5.60 6.167 6.852 7.428 7.9921~19.111 
5.88 6.",/,.901'.62' 8.19' '-'" 19.201 9.710 I I 

5.1l0 15.90 15.90 16.613 ~ 7.714 8.310 8.858 9.366 ~ 0.225 I 
7.28 7.878 8.377 8.899 9.4-23 9.8841~ 0:65~ I 

7.97 ~ 8.975 9.423 9.892 0.295/0580 0.935 

8.00 8.52 ~ 9.476 9.857 0.269 0.5961.2.:~,2.1l.113 
8.32 8.60 9.021 9.3M 9.\)07 0.200 0.552 0.S121..!!.:.!!!!~.Il.202 

8.90 8.90 9.4-221\).709 0.270 0.479 0.742 0.962 1.10011.220 

9.51 'UH \-;;- \I.9S010.560 0.6880.863 1.09711.16411.201 

9 98 9.98 10.219 -;;; 0.173 0.663 0.864 1.04.1 ~ U!66 1.257 

0.122 

0.234 

0.418 

0.656 

0.869 

0.9S5 

1.031 

1.00Q 

0.917 

0.829 

0.742 

0.648 

---Ct.> 
Ct.> 
co 
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7. Derivation of the stal'-density and fhe luminosity-curve. 

By the aid of (11) and (12) table 2 can be sa al tel'fd that the argu
ment: apparent magnitude is replaced by th€' argument log Lor M. 

If this is done, and if further the llumbers of the table are divided 
by the volumes given in the last column and loganthms are taken, 
we get the following tabie: (p. 669) 

The numbers of the last row of this table require some explalld.
tion. If this 10W had been derived in the same way as the others 
the resulting numbers would have been Ihose corresponding to the 
values 1.94, 1.54, 1.14 ... etc. of log L. For the sake of unifor
mity 1 derived from these, by intcrpolatlOn between the logarithms, the 
values corresponding to the values 2.02, 1.62, 1.22 ... etc. of log L. 

Tt is still possible tol enter this table wlth the argument: apparent 
magnitude; for the logarithms belonging to tbe same apparent magnitude 
are now placed in an obllque line descending towards tbe nght. In 
order to facilitate snch an entering of the table, the logarithms 
belonging to the apparent magnitudes 3.1-7.1 have been included 
between heavy lines. This enables us to judge more readily of the 
weight of the several numbeTl:l tabulated. Thus it is seen at on ce that 
the numbers which are in the table to the left of the heavy lines must 
have a very small weight because they me relative to the stars of 
the magnitudes 21, 1.1 ... whiC'h are exceedingly few in number. 
Similarly, though for a different reason, the numbers which ale 
outside tho heavy lines on the right hand side, and which belong 
to the magnitudes 8.1 and 9.1, have a small weight, at least for 
the smaller values of the parallax. 

The table virtually is nothing else than a table for the loga~ 
rithms of the relative dcnsities of stars of different absolute magni
tudes (or absolute luminosity). The absolute denslty, ~ e. the total 
number of stars per unit of volume, can not be determir.ed of course, 
berause we know nothing about the very famtest stars. We ran 
however determine that density expressed lD its value at a cor:ain 
distanee from the sun as unit. 

For this distanee 1 will provisionally adopt tbe distance corres
ponding to a parallax of 0" 0296. I wIll adopt the hypothesis that 
the luminosity-curve is the same for different distances from the E>un. 
Luminosity-curve I eaU J.he CUl've which for every absolute magnitude 
gives the numb€'r of stars per unit of volume, or in other words, 
which gives the pl'oportion in which the stars of different apparent 
magnitudes would be distributed over the sky, if they were all placed 
on the surface of the sphere whose radius corresponds to the paral-
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Iax 0"1. In tbe following tables I will give not the numbers of 
stars of each absolute magnitude, but the logarithms of these num
bers. As a consequence of the hypothesi'l whwh has been mentionE'd 
the ratio of the absolute densities is necessarily the same as that of 
the densities for the separate absolute magnitudes. 

If the density was constant, the numbers in each vertical column 
of table 3 should be identical. For the middle of the table this 
condition is roughly satisfied; for the large and for the small distan
ces however it is not. 

The manner in which tbe densities given in the last column are 
determined, is perhaps best eXplained by an example. 

The number of stars (not the logarithm) per unit of volume for 
the stars of the four absolute magnitudes - 6.55, -5.55, -4.55, 
-3.55 together is: 

for 'J'& = 0"00118, (app. mag. 2.5 -6.5) 0.000 0623 
" ,,= 0"00187, (app. mag. 1.5-5.5) .000 1215 

We thus get for the ratio of the densitieb 6.1 and 6.9, 

6.1 = 0.513 
6 2 

As a second determination we have for the stars of the absolute 
magnitudes -6.55 to -2.55: 

for 'J'& = 0"00118 (app. mag. 2.5-7.5) 0.000 2743 
" " = 0"00187 (app. mag. 1.5-6.5) 0.000 5095 

from which we get 

~ = 0.538. 
6.2 

The mean was taken of the two values 0.518 and 0.5-38, giving 
to the first value (which depends chiefty on the stars of the apparent 
magnitudes 6.1 and 5.1) twice the weight of the second value (which 
depends chiefly on the stals of the apparent magmtudes 7.1 and 6.1). 

In the same way the ratio was found of the densities at conse
cutive distances from the sun (n- = 0"00118, 0"00187, 0"00296 etc.) 
These ratios, together wlth the adopted density 1.0 for the distance 
corresponding to a parallax of 0"0296, gave the values of the last 
column of table 3. 

lf now from the logarithms of each row of the table we subtract 
the corresponding logarithm of the density, or in other words, if the 
whole is reduced to the density for n- = 0"0296, the following table 
is derived: 

45 
Proceedings Royal Acad. Amsterdam. Vol. lIl. 
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T A. B L E 4. Log. number uf stal'S lier unit of volume, reduced to 7r' = 0"0296. 

-7.51-6.55l-5 55/-4.51-3 .'55(-2.551-1.55(-0.55/ 0.45 1.45 ( 2.45 3 451445 5 .4516 .45 ! 7.45 
! 

8.451 9 .45 10.45 

~t" \ 4 .. \ ... \ .O~ 13~J ~,,\ ' "1,.42 1" 0;1 162 1 L'; I ~s-;-I o"fOO'1 ;,,, I'·" I 8 82/8.42l8.02 

,,-.... 

C\l 
t
~ 

'-' 

0",00118 

.00187 

.00296 

.00469 

.00743 

.0llS 

0187 

.0296 

.0469 

.0743 

.118 

.204 

Mear.. 

-~ -- ---- ---

4 42 I 4 72 I 5.31 I 5.947 6.599 7.240 7.98218.627 

4,74 1-;;-(~15.917 6.615 7.220 7 81918.46919.077 

5.56 ~ 6.546\7.231 7.807 8371(8922\9.490\ 

6.06 

5 . 96 I 5.96 I 5,96 

6.660[7174 78U 8.373 8.909(9.384\9902 

6.67417.270 7.775 8371 8.919 ;;;-19 83010.286 

-;;-17 885 8 384 8.906 9.430 9.89110.232 1 0.658 . 
1- -, ! 7.96 8.4288.962 9.410 ~1.879 0.282 0.567 0.922 

8.00 ;-;-18.949 9.476 9.857 0.269 0.59610.83011.113 

8.36 8.64 [I;;; 9.402 9.945 0.238 0.590 -;;;b .0~711.240 
8 98 8.98 /";;;;19.790 0.351 0560 0.823 ~ 1.181 1 1.30L 

9.64 9.64 ;;:-10.110 0.690 0.818 0.993 ~ 1.29411.331 

017 0.17 0.41 1;;-/0.361 0.851 1.052 1.229 ~ 1.45411.445 
1 1 . I I 

(4.42) 14.7215.2715.94316.60117.222 

(4.38) 4.68 5.27 5 ... 13116.58917.215 

I 7.809

1

8.376 

7.806 8.372 

8.920 \ 9.431\9.879\ 0.2641 0.58310.830 )l.024I1.22911.398j (1.45) 1 (1.44) 

8.909 9.410 9.863 0.26l 0.601 0.857 1.04,8 1.239 1.4û8 (1.46) (1.455
) 

-----
~._------~~~.~~~~---.:t:;~'iS:--=...,...:~z_ ... -'" ~_._=""~~ .... ~='--~=_--.::7--.,--:..t-. ___ ::... ~.r_~_,:::_____.::: ... ~_""--~-=-,,,-~_-----..~ _____ :.~ ~ r-~~~~"";;----=~':-:;;""_-"""'~~-~~~=-=-~~-~ ~~~;:::-~ 
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The numbers given in this table evidently define what we have 
called the ] umillosity-curve. 

In taking means the following weights were glven: 

A. In the columns of abs. mag. -6.55, -5.55 ..... to + 0.45 

B. 
" " " " " " 

1.45, 2.45 ......... 8.45 

apparent magnitude A. B. 
brighter than 2.5 0 0 

3.1 2 2 

4.1 5 5 

5.1 14 7 

6.1 21 7 

7.1 3 1 

fainter than 7.5 0 0 

These weights are roughly proportional to tbe nUTnbers of stars 
in BRADLEY which have cUlltributou to the formation of the nUill

bers of table 4. 
It is evident tbat the fiual means depend 0111y in a very smaIl 

meaRure on thc values which we re found for the densities. They can 
be derived qnite independent1y of these densities.' So we find e. g. 
directly from table 3 for 

1 
Ilumber of stars of absol. mag. -1.55 

og -2.55 
" """ " " 

tbc following values (the ussigned weights are added in brackets) 

0.599 (3) 

0.576 (5) 

0.637 (3) 

0.505 (1) 

Meal1. 0.591. 

If in the same way the ratios are derived of the numbers of stars 
belonging to any two consecutive magnitudes, it is only necessary, 
fol' at( complete knowlerlge of thc luminosity-curve, to derive the num
bel' of stars per unit of volume for one absolute magnitude. This 
lIumLer was obtained by effecting the best possible agreement with 

45* 

• 
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the curve which has already been found. The resulting vaIues are 
given in the last row of table 4. It will be seen that the discra
pancies of the values derived by the two methods are very smalI. 

8. lnfluence of tlte unce1·tainty of the constants of formula (1). 

In order to investigate in how far the values here derived are 
affected by uncertainties in the fundamental quantities (J, 8, lr55, I 
have altered these quantities by, amounts which are almost certainly 
outside (in some cases far outside) the limits of the tcue uncer
tainties. 

As far as the values of lr55 (i. e. the mean parallax of stars of 
mag 5.5 and p. m. p) are concerned, the principal causes of uncer
tainty are: 1 st. the remaining )lncertainties in fhe measured paral
laxes and 2nd• the remaining uncertainty in the linear velocity of 
the sun, by the aid of which the mean secular parallaxes derived 
from the parallactic motion were reduced to parallax es in the usual 
acceptation of the word. -

N ow it is evident th at, if every parallax is multiplied by the 
same factor not much different from unity, then also all densities 
will be multiplied by a certain constant factor not muclr different 
from unity. Thus, if provisionally we do not aim at the most reflned 
precision in the absolute vaIues of the densities, it is cIear th at we 
can make these two uncertainties to bear either wholly on the large 
and directly determincd parallax es, or wholly on the small paral
laxes derived from tbo parallactic motion. 

I chose the latter course, and consequently I took care that the 
directly measured parallaxes we re as weIl represented by the new 
formula as by the old one. _ 

In deriving the formula (1) the value 1) k = 16.7 .:!: 1.15 kilo
meter p('r second was used. for the velocity of the sola1' system. 
A few months 2) ago CAMPBELL, derived from the material given 
by his own observations, which is m llch more extensi ve thall that 
from which thc above value was derived, the vaIue h = 19.9 + 1.5~ 
kilometer. For the mean linear velocity of the stars he finds 34.1 
kilometer. From this Jatter value we get, by Ihe method explained 
in Proceedings Octobpr 1897, anothe1' value, which cannot differ 
much from k = 18.3. As the flnal value from CAMPBELL'S ooser
vations we ~ust thus adopt about h = 19.0. Everything considered 
the value: 

I) Proceedings October 1897. 
2) Astrophys. Journ. Jnn. 1901, p. 81 5\19. 
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" = 18.45. • • (13) 

appears to me to be the most pl'obable value which can at present 
be adopted. 

I now derived anew the values of 1ZI-'ln in formula (1) in the follow
ing suppositions, to which I add the constants which were for
merly found (sol. I): 

Sol. Tt A P E P 

I 16.7 0.0387 1.405 0.905 0.19 

II 16.7 0.0387 1405 0.905 0.00 (14) . 
III 167 0.0387 1.405 1.000 0.00 

IV 202 0.0454 130 0.905 019 

Y 18.45 0.0419 1.355 0.87 019 

In these solutions the stars fainter than 2.5 and in some of them 
also thase brighter than 7.5, which have na influence on the 
resuIt, were, for brevity's sake, omitted. 

These different solutions give for the 'densities (b.): 

TABLE Ó. Density 6, 
-

'I' 

I I 

I II III IV V 

Limits. 
I 

Meall. 

0" .00100 -0".00158 0" 00118 I 0.122 
I 

0.187 0.162 

.00158- .00251 .00187 0.234 0.345 0.292 

.00251- .00398 .00296 0418 0.223 0.184 o 568 0.465 

.00398- 00631 .004G9 0.656 0.592 0.571 0.789 0.684 

.00631- .0100 .00743 0.869 1.072 1.294 0.968 0.852 

.(}lOO - .0158 .0118 0.985 1.191 1.507 1.040 0.945 

.0158 - .0251 .0187 1031 1 122 1.403 1.050 0.984 

.0251 - .0398 .0296 1.000 1.000 1.000 1.000 1.000 

.0398 - .0631 .0469 0.917 1.045 0.889 1.007 0.980 

.0631 - .100 .0743 o 829 0.771 0.497 0.875 o 957 

.100 - ,158 .118 0.742 0.728 0.406 0.813 0.933 

> 0.158 .204 0.648 0.627 0.220 0.780 0.929 
I 
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For the luminosity-cul've we find (aftel' adding to the values I, Ir 
and III the cunstants - 0.081, + 0.056 and - 0.104) 

TABLE 6. I,umillosity-cul·ve. 
(Log. llltmber of stars per uuit of volume fol' 7r = 0"0296). -

I 1I III IV - V-
Log. L. :AI. 

- 0 081 + 0056 - 0 104-

5.22 - 7.55 (4.34) -
4 82 - 6.55 4 64 4.65 4.60 

4.42 - 5.55 5 Hl (5.71 ) (5.82) 5.29 5 17 

4 02 - 4.55 5 862 5.71 -5.04 5.960 5.928 

3.62 - 3.55 6.520 6 46 6 58 6.601 6.586 

3.22 - 2.55 7.1Jl 7 1,65 7.1402 7 ]89 uno 
2.82 - 1.55 7.728 7.838 7.682 7 764 7.815 

2.42 - 0.55 8.295 8.431 8.227 8.323 8.380 

2.02 0.45 8.839 8 993 8.735 8.852 8.922 

1.62 1.45 9.350 I 0.564 Il.3Il 9.340 9.413 

1.22 2 45 9.798 0.9% 0.763 9.760 9.839 

o 82 3.45 0.183 0.285 0.]74 0.117 0.190 

0.42 4.45 0.502 0.480 U.521 o 45~ 0.478 

0.02 5Ai 0.710 0.533 0.622 0.6GO 0.680 

9.62 6.45 0.943 O.GOI 0.687 0.850 0.836 

9.22 7.45 1.148 1.132 1.389 1.084 1.026 

8.82 8.45 1.317 1.20 1.607 1.248 1.102 

8.42 0.45 (1.37) (1.3) - (1.7) (1.10) 

8.02 10.45 (1.36) (1.4) (1.8) (1.11) 

The discussion of the dcnsities must be defeJ'l'ed to a subsequent 
communication, because it will be necessary in that discussion to 
keep the stars of differen t galactic la ti tudes separatcd ab initio. 
There seems to be l'eason to believc thnt this dist'ussion, if therein 
we include some additional data furnished by observation, will lead 
to a better understanding of the rea I structure of the galactie system. 

The table 5 lllight tbel'efol'c have becu omitted here but for tbo 
fact that it bl'ings out clearly a defect of our solution I alld indicatos 
at the sumo time the Il1CAllS to concct it. This defect lies in thc 
rapid dccrease of thc uensity L::. fol' thc larger parallaxes. A. graphical 
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representation in which the densities are taken for ordinates, while 
the abscissae arc not tbe pal'ullaxes, but the distances from tlle sun, 
shews the e~ormous rapidity of this decrease. Such a rapid decrease 
appears entirely incredible, as compared with the slowand gradual 
change for larger distance.,. If we could Ilctually use stars which 
are evenly distributed over the whole sky, instead of almost excIu
sively over the northern hemisphere, and if the density varies con
tinuously with the position in space, then the mean density in the 
immediate neighbourhood of the sun must even be found constant. 

The values of b.2 show the same uecrease. A ;'ariation of Q has 
thus no influence. The !:::.s's on tbe other hand show a still more 
rapid decrease. It fûl10ws immediately that by a diminution of ~ the 
defect in question can be corrected. It appears from the b.4'S that 
a change of the di stances in the direction ",hieh is made necessary 
by CAMPBELL'S results, has also au effect in the desired direction. 

It is easily inferred from the table that the defect must uearly 
disappear by a new computation, if therein we determine the paral~ 
laxes in accordance with the value (13) of the sun's velocity, and 
adopt 

8 = 0.87. . (15) 

This alteration of 8 is just inside the estimated limits of uncertainty 
of this quantity 1). 

Thc last column of table 5, which wal:! computed with these data, 
shows that the density becomes indeed tolerably constant for all 
parallaxes larges than 0".01. 

For this reason the solution V is the solution which in my 
opinion is to be preferred, though it remains possible that the sub
sequent discussiou of the densities will neeessitate further smaIl 
changes in the values of the constants. 

9. Reliability of the l'esults derived for the luminosity-curve. 
The values which were given to Q in solution II, and to (! and 8 in 

solution III are outer limits, which were taken for the sake of the 
simplicity of the computa.tions. With regard to Q the alteration is 
9 to 10 times the p. a., fol' s it exceeds nearly three times the esti
mated limit of uncertainty. Also tha solution IV was made with 
values ,of the eonstan ts, the Jeviations of w bi eh from those of solution 
I probably excced the roal uneartainties of the latter. 

N evertheless the dis<'l'epancies betweell the different curves in 
table 6 are inconsiderable. It thus appears th at 'thr. form of the curve 
is very little affected by e1'1'Ol'S in the constants of formula (1). 

1) See Public. of the Astr. Lab. at Groningen No. 8, p. 10. 
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:Elxcepting the extreme ends of curve, whirh for evident reasons are 
rather uncertain, errors of 0.1 in the values resulting from solution 
V must already be considel'ed as unprobable. In the middle of the 
curve this corresponds to only about 0.2 of a magnitude. 

Besides on the uncertainties of the constants, the correctness of 
the curve also depends on the greater or smaller degree of comple
teness and certainty of the data about the magnitudes and the proper 
motions which form the basis of the whole investigation. We can 
however easily estimate the effect of these eauses, as it is possible 
to derive the curve: 

lst. exclusively from stars of app. mag. 3.1, 5.1, 7.1; 
2nd

• " " "" " » 4.1, 6.1, 8.l. 
These two determinatiops are absolutely independent of ;aeh other. 

The computatlon was carried out with the data of solution 1 1), 

in precisely the same way a.s that for the last row of table 4, i. e. 
entirely independently of the densities. The results are given in the 
following table • 

M. I Mag. 
3 1, 5 1, 7 1 

II Mag. 
4.1, 61, 8.l I-IJ 

-6.55 4730 

-555 5183 5.272 -0089 

-4.55 5.957 5.930 + 027 

-355 6.638 6.561 + .077 

-2.55 7.229 7.233 - 004 

-1.55 7.815 7.B83 - .068 

-0.55 8.349 8454 - .105 

0.45 8.875 9.013 - .138 

1.45 9.368 9.482 - .114 

2.45 9821 9.927 - .106 

3.45 0.222 0.280 - .058 

445 0.576 0693 - .017 

545 0.882 0797 + .085 

6.45 1.163 0968 + .195 

7.45 1,291 1.165 + 126 

8.45 1.509 1.269 + .240 

945 1.390 

1) Aftel wards this computatÏim was also mnde for solution V. The reslllts ale nll 
but identicnl to those of sol. 1. 
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Keeping in mind that we may legitimately expect that the errors 
in the adopted curve, 80 far as they dep end on the uncertainties 
here considered, will range between hmits only abollt half as wide 
as those of the dlfferences I-lI, we co me to the conclusion that 
these differences are al ready very s,lhsfactory. All things considered 
I think we may safely expect that (excepting the extreme ends of the 
curve) the values resulting from solution V will never be in error 
much more than 0.2, wh1ch conesponds to about 0.4 of a magnitude 
in the middle of the curve 1). 

Moreover our know1edi!-e of the proper motions is increasing 
rapidly, so that we may reasonably hope that within a comparatively 
short time, we may be able ta reduce still more the uncertainties 
of the curve. 

Especially for the fainter end of the curve, which depends exclu
sively on the large proper motions of faint stars we will certainly 
soon have better data by wLich it can be corrected and 
continued. 

From the abovo numbers the curve appears to reach a maximum 
aboui- the absolute magnitude 10.5. Whether for fainter stars it 
will deseend as rapidly Ol' more rapidly, and whether it will soon 
rea eh a limit, below which no luminous stars exist, are questions 
to answer which a knowledge of the number oflarge proper motions 
of stars fainter than the llinth magnitude is requil'ed. It seems not 
at all impossible by the aid of photography to derive, even within 
a few years, an approximate knowleclge of these proper motions for 
stars down to the 131h or even somewhat higher magnitudes. 

At the brighter end the continuation will ('aUlle more difficulties, 
as it must depend on au accurate knowledge of the extremely 
small proper motions, which cau only be slowly attained in the 
course of years. 

A numher of conclusions cau at on ce be drawn from our resuIts, 
which however I will deier till af ter the discus sion of the densities. 
I will here on1y illustrate the meaning of the curve by a few num
bers. According to the curve V, there will be in a space which 
contains 

1) The uncertninty resulting from errors in the adoptecl posltion of the Apex. and 
in the aorrections to BradIey's declinahons, was left out of considerution here. I hope 
shortly to be able to give the nlterations which resnlt from these cnuses. 
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2.000.000 stars of the same luminosity as th at of the sun 

1 stal' with 100.000 I,Îmes gl'eater :I> than :I> :I> » :I> 

38 stars ~ 10.000 » ~ :I> ~ » :I> :I> :t 

1800 :I> l> 1.000 » » :I> » » » » :I> 

36000 :t » 100 » » » » " » » :t 

440000 » » 10 » » :I> :I> » :I> :t '» 

over 5000000 :I> » 10 » smaller » » » » » » 

7500000 » » 100 » » :11 » » :I> » » 

Below this degree of luminosity it seems th at thc number of stars ceases 
to increase. The first and last l1umbel's are of course very uncertain. 

It may a180 be remal'ked that we find a tata] density which is 
rnuch larger than is commonly assumed. 

Th€' mean parallax of the stars of magnitude 5.3 becomes 0".0158 
hy the solution V. Inside a sphero with a rad:us cOl'resp~nding to 
this parallax I find (oy sol. V) alreac1y 43000 to 44000 stars whose 

luminosity is not smallfll' than 115 of that of the sun. The number 

of the still fainter stars can not be determined. If on the other hand 
we adopt the uSllal approximation which assumes tbe same luminosity 
for all the stars, the llumber of stars inside the same sphere will of 
course be the numbel' of stars of the apparent magnitude 5.3 and 
brighter. This num bel' is (Potsdam system) only about 1730, that 

is only 2
1
5 part of the numbor which was found alJove. 

10. Sta1'S of tke first ,and tlze second spectral type. 

Although the data relating to the separate spectral types are by 
far less certain than for all stars together, I will nevertheless mention 
the results which I derlved from them, as they bear on the conclu
sions arrive.d at in a farmer paper. 

The uncertainties are of two kinds: 
1 st. For Type 1 the constants (2) are very uncertainly determined. 
2nd• Our knowledge of the spectra is far from sa complete alld 

accurate as could be wished. 
For these reasans the following results, at least those for type I, 

do not deserve tbe same confidence as the preceding ones for all tbe 
stars together. With regard to tbe first point, it has already been 
mentioned that the total weig'ht of the direct detel'minations of paral-
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lax, which were available for type I, is very smal!. It is not One 
sixth part of that for type 11. 

Moreover these parallaxes belong' exclusively to bright stars of 
comparatively small proper motion. Tt would be of the highest impor
tance for an investigation like the present, if observers, who devote 
themsel ves to the deLermination of parallaxes, wouW pay especial 
attention to the comparatively few stars of the first type with large 
proper motions. 

As to the second point: 
Having regard to tbe fact that the D.e. is only complete down 

to thc stars of about the 6th mag'nitude, it is to be feared that of 
the fainter stars which it contains a largel' number proportionally 
will belong to the photographically brighter stars of the 1 st type 
than to the stars of the same \ visual) ma,gnitude of the second type. 
If tbis is so, OUl' results wlll be systematically affected. 

In order to get more certaiuty auout this point I derived the ratio 

p = number of stars of Type Ir . (16) 

" " " " " 1 
for different magnitudes, not only from PICKERING'S data 1) but also 
from the spectroscopie Dm (Deel. - 10 tot + 20°) of Potsdam 2), 
wbich is complete down to thp. visual magnitude 7.5 and is thus of 
special value for our purpose. 

PICKERINO'S results are g'iven "ith the argument: photographic 
magnitude, while wc rcqllirr. here Y:811111 magnitudes. The necessary 
data to effect thifl reduction are giYPl1 in PICKERING'S work; never
theless the accuracy of the re'lults is considerabiy impaired by this 
circumstance. 

Tbc result of my computatiol1s was: 

Vis. mag. Number stars in DO. P. 
Typ L Typ H. 

3.50-4.00 74 52 0.70 

4.00-4..50 157 109 0.70 

4.50-5.00 301 234 0.78 

5.00-5.50 633 494 0.78 
.. (17) 

5.50-600 1348 1045 0.78 

(6.00-6.50 ~717 2220 0.82) 

1) Annals of the Astrophys Obs of HnrVOl'd Collo vol. 26, Part 1, p. 147. 
2) Publ. des Astrophys. Obs. zu l'otsdnm Ser Bd. 3es Stuck. 

/ 
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The data for stars fainter than the 6th magnitude are included in 
brackets, because we cannot be sure that the two types are observed 
equally completely; there IS even astrong probability to the contrary. 

The Potsdam Dm gives a classification which differs from that of 
the D. C. 

Àccording to Harvard. Obs. 26, part I, p. 177 we have approx
imately: 

Class I of Vogel = -Á + T/ + G Draper Cat. l 
" II" " = K "" \.... (18) 

Now I find by countings in the Potsdam Dm.: 

mag. BD, 

0-3.5 

3.6-4.0 

3.1-4.5 

4.6-5.0 

5.1-5.5 

5.6-6.0 

6.1-6.5 

6.6-7.0 

7.1-7.5 

7.6-8.1 

8.1-8.5 

8.6-9.0 

Cl. I.-

40 

19 86 

27 

:: i 
164 ~ 
300 

276 

Cl 1I. 

10 

16 40 

14 

39 

39 

73 

185 

151 

Cl. II 
Cl. I 

0.25 

0.84 0.47 

0.52 

0.89 

0.58 

0.445 

0.62 

0.55 

552 1708 308 953 0 56 I 0.56 

856 _ 460 0.54 

:: ~ 113 ::! 57 

0.53 ! 
0.43 0.50 

0.67 I 

\ 

(19) 

Tt follows from these numbers that, at least down to the visua! 

. Cl II d' t 'bl . h tb magnitude 7.5 the quotlent CïI oes no senS1 y vary wIt e 

magnitude. 
Accordingly we have by (17) in the notation of the D. C. 
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K 
A + F + G = Const. = 13 

from which 

K + .F' + G = Type II = P = fi + (13 + 1) F + G. • (20) 
A Type I A 

From thc data of the D. O. redueed to visual magnitudes I find 

Number Number F+G 
vis. mag. 

F+G A A 

3.5-4.0 21 63 0.34 

4.0-4.5 44 134 0.33 

4.5-5.0 94 255 0.37 

5.0-5.5 200 560 0.365 

5.5-6.0 425 1269 0.335 

6.0-65 908 2629 0.345 

Thus also the last term of (20) appears to be eminently constant. 
From the Potsdam Dm we thus derive the eoncluElion, whieh is 

in good agreement with the directly deriveà table (17), that the 
value of P does not sensibly vary with the magnitude (at least not 
down to mag. 7.5). 

The num bers of stars of the two types ware now derived as 
follows, the very few stars brighter than 2.5 being omitted: 

l st • Magnitudes 2.5-3.5. All stars of Ihese magnitudes in the 
whole of the sky were brought togethel', as eXplained above. 

2nd• Magnitudes 3.5-6.5. The spectra of the Brarlley stars 1) 

were taken from the O.O. and the wholc of thp. stars whieh are in 
this catalogne were counted between the same limits of proper motion 
and photometrir magnitude as in table 1. Fl'om these eountings the 
tobt! number of these stars for the whole of the sky was then 
derived in the manner whieh has been explained above. Finally 
the numbers of stars of the diflel'ent magnitudes (2.5-6.5) were 
multiplied by sneh factors (differing little from nnity) that the con-

----
1) The stars which hnye been eMlltd~d h!we al ready been mentioned nbove, 
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dition P = con st. is fulfilled, while the total numbers (Type I + 
Type II) are left unchanged. 

3rd • Magnitudes 6.5-7.5. To begin with the same method was 
used for these stars as for those of the magnitudes 3.5-6.5. The 
number of stars in Bradley belonging to these magnitudes is 80 small 
ho wever, that the numbol's for the individual proper motions neces
sarily run somewhat irregularly. Therefore I first divided the whole 
of the stars in two parts, viz. those with proper motions < 0"10 
and those with proper motions > 0"10. 

. number of stars of pt 'rype . 
The ratlo a = 'd 1 t T + 2 d T was then determmed 

1. S ype n ype _ 

separately for each of these parts alld compared with the analogous 
ratio for the magnitude 6). It appearecl that the factors, by which 
these ratios for thc magnitude 6.1 must be multiplied to gi ve those 
for the magnitude 7.1, were very nenr unity. These factors were 
then used to der~ ve tbe ratios a for the sepa?'ate proper motions 
011.00-0".01" 0".01-0".02 ... etc. for the m[lguitude 7.1. ance 
these ratios a found, tbe table 1 furnishes the noces~ary numel'ical 
values. 

In this way I found Bna1ly the numbers which are given in 
tbe following tabie: (p. 685) 

It appE'ars from this table that the numbers for type I shoW' still 
considerable irregularities, which are still more apparent, if tbe table 
is condensed by taking wider limits of proper motion, and if then 
all the numbers are expressed as frnctiolls of the analogous n umbers 
of table 1. It appears in tbis way that e. g. the number of stars of 
large proper motioll of tbe magnitude 5.1 is consioerab1y smaller 
than might be expected from the fJame numuors for the magnitudes 
4.1 and 6.1 . .At first sight such an irregularity is rather surprising, 
as it is not at once apparent how the spectrogl'apbic observations 
can be subject to systematic errors depending 011 the proper rnotion . 

.A. eloser scrutiny shows however that such a thing' is not at all 
impossible in the present case. 

In .A.stronomy and Astrophysics Vol. XII, p. 811 are given a 
number of corrections to thc data of the D. 0., which corrections 
I have duly applied. 

The corrections bear exclusively on stars of large proper rnotion, 
wbose spectrum bas been reinvostigated on the indication of Mr. W. H. S. 
MONCK. In how far these correcLions influence the number of stars of 
the first type with large propor motions is :tppMent from tlle precoding 
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TA.BLE 7. NUDlber of stars in the wllOle sky. 

TYPE I. TYl'E Il. 

(/0 

11

31
1 

4 1 
I 

5.1 I 6.1 
1 

71 3.1/4.11 5.1 1 6.1 
1

71 

0" .000- 0" 009 2 15 76 220 914 3 8 17 121 590 

010- .010 8 37 128 435 1227 7 16 68 199 669 

.020- .029 8 fl8 126 332 1007 1 14 54 262 903 

.030- 039 9 20 117 345 1154 7 7 73 194 756 

.040- 019 7 19 47 284 872 5 8 45 174 618 

050- .059 8 18 53 201 665 5 5 34 155 584 

.060- 069 2 18 50 130 470 2 7 28 121 493 

.070- .079 13 24 112 320 2 6 46 136 432 

.080- .089 2 12 21 112 349 3 13 24 97 343 

.090- .099 6 10 19 66 199 2 7 34 136 447 

.100-- .149 4 24 62 173 391 G 32 88 253 572 

.150- .199 6 8 2](2) 51 117 2 24 56 132 303 

.200- .299 3 10(3) 5(12) 19(19) 29 9 22 65 185 286 

300- .399 1 2 2(4) (5) 2 14 39 107 75 

.400- 499 2 2 5 17 3 11 15 30 104 

.500- .599 3 8 7 24 38 

.600- .699 (5) 2 7 5 24 

.700 - 799 8 5 10 17 

.800- .899 3 2 12 

0.900- 0.999 2 6 

1.000- 1.199 1 3 5 7.5 

1 200- 1.399 3 2 5 12.0 

1.400- 1.599 2 4.5 

1. 600- 1. 799 1.5 

1 800- 1.999 2 2 1.5 

2.000- 2 999 1 6.0 

3.000- 3 999 5 3.0 

4.000- 4.999 2 1.5 

5.000- 5 999 5 ju 6 000- 6.999 

7.000- 7.999 

I 
08

1 
234, I 753 I 24S5 I 7731 04, 12231 722 2356 7311 
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tabie. If the correctiona had been neglected, the num bers of star.s of 
the magnitudes 4.1, 5.1, and 6.1 would have been increased by the 
quantities which are added in brackets. 

For the magnitude 7.1 the analogous increase could not easily 
be derived, owing to the particular manner in which the numbers 
for that magnitude were obtained. It will be seen that by these cor
l'ections the proportions are entirely changed in the case of the very 
large proper motions of type I 1). 

If the corrections which -are still necessary are so considerabIe, 
we cannot expect very reliable resnlts. 

The mannel' in which I tried as compIeteIy as possible to remove 
the irregularities, will best be shown by an example: The total num
bers of stars of type I for the magnitudes 4.1, 5.1 and 6,1 are 234, 
753 and 2485. If now every number of the third column is multi-

. 753 - - 753 
phed by 234' and every nnmber of the fifth column by 2485' these 

three columns are rednced to the same total numbcr. 
Aftel' this was done the numbers of the 3rd , 4th and 5th columns 

were added; the sums were divided by 3 and the resulting values 
were adopted as corrected values for the magnitude 5.1. In the 
same way the corrected numbers for the magnitudes 4.1 and 6.1 
were derived. In order to be able to do the same for mag. 3.1 the 
numbers for mag. 2.1 were also derived. The numbers for mag. 7.1 
were not altered. 

In the case of type II the number of large proper motions is so 
considerable, and the infiuence of the corrections which have just 
been discussed is so sm all , that the numbers of table 7 were adopted 
as they stand. ' 

In order to derive from table 7 (aJtered for type I as just now 
explained) the densities and the luminosity· curve in the same way 
as -explained above, a first computation was made with the values 
(2). Afterwards a second computation was carried through in which 
the corrected value (15) of E was used and the parallax es we re made 
to agree with the corrected velocity (13) of the solar system. 

In the case of type I the al teration of E had a large infiuence 
on the value of 1"& 5.5 derived from the directly measured parallaxes, 
owing to the faet that these direct determinations belong exclusively 
to very bright stars. 

1) According to Mr MONCK 60 percent of the SItars of type I, to whicll he called 
a,ttention ou account of their large proper motions, were actually altered to type 11. 
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The following are the values of the constants for the two solutions 
(A and B): 

Type I Sol. I h I 
A I p I E I p 

-
I A 16.7 0.116 1.11 0905 0.19 

I' .B 18.45 0.0753 1.20 0.87 0.19 

IJ A 16.7 0.0262 1.54 0.905 0.19 
(21) 

, B 18.45 0.0316 V\,7 0.87 O.1\l 

With these data the following den si ties we re found: 

TABLE 8. Densities ,1. 

'7r Type I. I Type Il. 

Limits. I Mean. Sol. A 
I Sol. B I Sol. A I Sol. B 

0"00100 - 0"00158 0"00118 0.280 '0.278 0.070 o 102 

.00158 - .00251 .00187 .470 0.478 0.156 0.190 

.00251 - .00398 .00296 .738 0.726 0.254 0.314 

.00398 - .00631 .004-69 1.006 0.986 o 440 0.474 

.00631 - .0100 .00743 1.202 1.172 0.622 0.655 

.0100 - .0158 .0118 1.215 1.171 0.802 0.790 

.0158 - .0251 .0187 1.189 1.283 0.9liO 0.933 

.0251 - .0398 .0296 1.000 1.000 1.000 1.000 

.0398 - .0631 .0469 0.822 0.826 0.993 1.186 

.0631 -- .100 .0743 0.669 066

1 0.940! 1.083! 
.100 - .l58 .118 0.338 0.583 0.505 0.619 0.883 0.908 1.059 1.072 

> 0.158 .204 0.290 0.368 0.598 0.981 

46 
Proceedings Royal Acad. Amsterdam. Vol. Ill. 
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For the luminosity-curve wc finu: 

'l'AULE {j. JJlIlIliIlO~\jy·(JIIl'VC. 

(Log. nUlllllCr per unit of volume for 7r = 0"02\!ü) 

Lo~. L.-I J1[. 

1.82 -6.55 

4.12 -5.55 

4.02 -4.55 

3.62 -3.55 

3.22 -2.55 

2.82 -1.55 

9.42 -0.55 

2.02 0.45 

1.62 1.45 

1. 22 2.45 

0.82 3.45 

0.42 4.45 

0.02 5.45 

\!.ü2 6.45 

9.22 7.45 

8.82 8.45 

- - -1'ype -1 

Sol. A I Sol. B 
-0.0:!\! 

4.453 - 4.382 

4 \!51 5 1)00 

5.610 5.636 

6.223 6.262 

6.804 6.851 

7.~58 7.422 

7.\!02 7.972 

8.413 8.477 

8.902 8.907 

9.308 9.362 

\!.644 9.632 

9.927 9.843 

0.093 0.002 

0.2\!7 0.139 

(0.50) (0.08) 

'l'ype JI 
Sol·

0 
A I Sol. B 

-0.78 

4.182 4.1\!2 

1.702 4.C78 

5.375 5.371 

6.104 6.131 

6.767 6.84\! 

7.443 7.4\!1 

8.016 8.116 

8.634 8.703 

9.170 9.232 

9.635 9.691 

0.062 0.054 

0.401 0.422 

0.670 0.640 

0.\!37 0.818 

1.080 1.0U4 

1.306 1.115 

In table 8, Sol. A. we UgUill fine1, fOl' both types, astrong 
decrease of the density with diminishing distance. By the alteration 
of 8 to 0.87 and the slight alteratioll to the distallces in Sol. B. 
this decrease disappears pmctically entirely for type Il. Ful' type I 
the deurease has bec'ome somewhat less rapicI, but it has not 
disappeal'ed. The weight of this rcsult is but very imall howeV"cl', 
'l'he llUmbCl' of stars of type I whose parallax is > 0".063, is so 
small that any conclusion based thereon is of necessity little rcliable, 
especially in a case like the present wh ere, as has been ShOWIl 

above, the a<1opted nnmber of stars with lrtrgc proper motions may 
be very matel'ially in ep'or. Fot' reasons which have alroady been 
mentioned) it must be consiflcrc'} as Pl'obablo that, as soon as more 
rcliable data. will he flvftilable, we will, for 1his typo also, find tho 
dcnsity not Jin' froJll constant rOl' parallaxes large!' than 0".02. 



- 715 -

( 689 ) 

As ft conscquellee of tlti:::; result same of tllO cundu::;ioTlR, at whirh 
I hau previously al'l'ived (Proceedings Jan. 1893), must 1.>e witIH]rawll, 
or at least considera1.>ly altered. 

rl'hese conclusions were baseu on the l'esult, derivec1 by S'l'Ul\rl'l~, 
ltlS'l'ENPAWr, and others, viz. that, if the stars are arranged in 
gronps according to their proper motions, the mean parallaxcs of 
these groups are approximately proportional tI) the Im'an proper 
motions. Tt is onl)' subsequent]y that I found that this result was 
arrived at by au illegitimate reasoning and is certaillly not in 
aceordance with tbe facts. 

For the stars with large proper motioJl!> (say large!' than (J".1 0) 
it fo11ows from the above that the variatioll of tho quantity Q in 
the paper 'quoteu, is, either entirely or at least to a large extent, 
t1 consequence, not of a condensation of the stars of type II in 
the neighbourhood of the sun, hut of the fact that the numuer of 
fÎ:l.int stars of the fi!'st spectral typo, as compared to tho numuor 
of bright stars of the same type, is not so large as in the case of 
the second type. 

Physiology. - H. D. BEYERl\[AN: "On the infiuence UpOIZ 1'C'spim
thJlt ot' the t'aradic sthllulation ot' nel've tmcts passing througlt 
the intemal capsula." (Comll1ullicatetl by Prof. C. WINICLER). 

In it recent }Juulicatioll "\VINICLEH àud WlARDI BEUIC:\IAN 1), in 
Htimulatillg' with the fllraLlic CUl'l'ent the lateral part of the praecl'Ueial 
eircull1volution in a (logo's 1.>min, luwe pl'OVCU thc influollee of thi::; field 
of thc cortex upou the respiratory lllovemon tso Accelemtion of 
rhytlull antI an inspil'ator)' position of tbe thorax wore the effects 
g'cnerally oLtaiuOll uuring th e fal'H<lisation of tlds spot (fig. 1, 
compare tlw field::; 11, ]2, 15 <Lwl 16). 

Repeatiug their experiments I fOUllU, tlmt famditiatioll of the 
most proximal parts of the abovo meutionou ::;pot (the fielLls 15 auu 
16) causos on]y aecelemtion of rhythlll (Ol' if respimtion iti ,'ery 
frequent, inereaso of tho fUII pli tUt1e of eaeh l'espimtion), whcrcas 
fllradisatiou of itH eau<1al pal't (tho fieltIs 11 a11<l 12) is t'ollowc<l 
hy a fOl'co<l iIlSpi ratory po:-lition of tlw thorax. 

lIeJlco thore arc to be adol)teLl two cortieal :-lllUtH reo'ulatinu' thp , ~ 0 ' 

respimtioll, one, pl'oximal, aeee1emtillg' rhytlllll, tJLe otlwr eaudal, 
fOl't'ing tlw illt!pimtioll. Both aro :-\ituatü<l 011 t]J(} latoral olld of the 
pm,eel'ucia] eil'cnlll volutioll. 

1 WIXKI,J:U HUU Wr.UtDl 1I1:CIOLUO:. l'l'ocpmlillg" Vo!. I, :&5 J\!ill'lJ!t l~:HHI. 

4ü* 
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In repeating the experiments of SPENCER 1) I succeeded to define 
the traject of the efferent fibres from the two above mentioned 
centra tbrough the corona radiata and tbe capsuia interna. 

Fm'ced inspiratol'Y position of the tborax is always obtained, 
during tbe faradisation of a distinct spot situated, in ~ ho!izontal 
sections through the brain (fig. 4 and fig. 6 in +), about tbe middle 
of tbe corona radiata and of thc capsuIa interna. In frontal sections 
it was found (fig. 9 in +) in the pes pedunculi (curves fig. 5, 8 
ed 1~ -

The central traject of tbe pyramidal tract is stimlllated in these 
experiments, and even if the hemispberes are totally removed, forced 
inspiration (accompanied by stretcbing of the neck, by lifting up tbe 
tail, and by ejecting urine in a jet) still follows during the stimula
tiOll of this tract. 

Acceleration of 1'lzythm is always caused by faradisation of a 
distinct spot, situated in horizon tal sections through tbe corona 
radiata and through the higher level of the capsuIa interna (fig. 4 
and fig. 6 in 0) proximal to the former, close to the foremost 
part of the caput nuclei caudati. J 

In frontal sections this spot is found (fig. 9 in 0) on the latero 
ventral face of the nucleus caudatus, and dorsal in respect to the 
former spot (to compal'e curves in fig. 5, 7, 8 and 10). 

Therefore tbis nerve tract, by which the acceleration of rbythm 
is conducted, runs through the proximal part of the corona radiata, 
in the foremost part of the internal capsule, proximal to its knec, 
close to the antero- and ventral face of the nucleus caudatus. 

Perhaps this nerve 'tract may find a preliminary end in tbe 
basal ganglia, but my efforts in following its traject through them 
are not crowned by a positi ve result SPENCER followed it until a 
region in tbe vicinity of the grey surroundings of the third ven
tricle, where it perbaps could be identified with thc centrum of 
acceleration of rhythm, mentioned hy CHRISTI.A.NI. 

J n horizontal s9ctions, cutting througb the capsuia interna, two 
more spots, (fig. 6 on À and Cl) are found, the influence of which 
upon respiration may be demonstrated by faradisation. The more 
proximal one answers to faradisation with a slight retardation of 
rhythm, whereas the faradisafion of the caudal part, reaching as 
rar as tbe white layer round the cornu .Ammoni, sets a very intense 
inhibition. The respiration is retarded, or may be even stopped 
in an expiratory position of the thorax. 

1) SPENOJm. Phil. TrnllslIctiolls. Vol. 185, p. 609 
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13:. D. BÈYERMAN: nOn the infiuence upon respiration of the faradic stimulation of nel've tracts passing through the internal capsuia." 

FIG. 2. 

FIG. 1 
FfCl. ij . 

. _~_ .. - v~ç 
Di vlsion of the cerebral surface of tJe 

d·,g's brain. Results of tbe stimulation of the field 16 and W (Distance of secondary coU 8.5 cm.) 

I 

Result of sUmulation of the field 16 (two times), Afterward~ that of 12. (Distance of secondary coil 7 cm.) 

FIG. 4. 

Horizontal section through the higher level of 
the internal cap.imla. 

FIG. 5. 

i 

Result of stimulation of the field that is ma~ked with a cross in fig. 4. 
Afterwards that of the spot mar*ed wUh a circle. 

(Distance of secondary coil 10 cm.) 

FIG. 8. 

\_r V- .. \J\j- \[ V-'-.F \j.\j 

Result of stimulation of the 'spots marked in fig. 6 with a cixcle! a cross, a circle aad a s~uare. 
(Distanee o-f secondary coU 6.6 cm.) I 

1 

Proceedings Raya! AOlLd. Arnl'lte-.::dlLm. VoL lIl. :1 

I1 

I
1 

I1 

~~rG. 6. 

FIG,7. 

v-VVV-VV V·V--EV' V -v \{'I.(\i\J\rv- IfVV-V\f\flF" vVlflfJllllflJ'V'N'fJ.'I'liWNV\rn ·, 

Result of stimulation of the spot marked with a triangle in fig. 6. 
Afterwards that of the spot marked with EI. circle, 

(Distance of secondary coil 7 cm.) 

Horizontal secUon thl'ough tbe internal ca.psule.. 

FIG. 9. 

Fronta.l sectioll through the bram. 

FIG.:lO. 

Result of stimulation of the spot, marked in :fig. 9 with a cirele. Afterwards two times that 
of the spot marked with a cross. 
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PhysÎcs. - Dr. H. KAMERLINGH ONNES: "On differences of 
density in the neighbom'ltood of the cl'itical state G1'ising from 
diffprences of tempera tUi e." (Appendix to Communication N°. 
68 from the Physical Laboratory at Leiden). 

§ 1. At the former meeting I have demonstrated (Communication 
N°. 68) that the deviations from VAN DER WAALS' theory mentioned 
by DE HEEN, are not to be found when his experiments are repeated 
with pure carbon dioxide. From which 1 del'ived that systematical 
corrections must be applied to his results. Moreover I have proved 
experimentally that DE HEEN has wrongly left out of consideration 
differences of temperature rpsulting from adiabatic processes. 

Other and perhaps very important diflerences of temperature may 
have arisen from DE HEEN'S method of heating, as I briefly mentioned 
in § 3. As long as there are no proofs to the contrary we must 
consider that they have really existed. If other sources of 
errors could not be undoubtedly demonstrated, as has been done 
in Communication N°. 68, and if not small differences of pres
sure, which may have remained, might have had a similar influence 
as the differences of temperature meant here, we would be fuUy 
justified in ascribing entirely to them tho deviations found by DE HEEN. 
Fo1' in the different experiments these deviations are related in a 
mannel' such as we should expect if the tempprature in the upper 
part of the apparatus was higher than in the lower part, in 
agreement with the supposition laid down in § 2 1. c. It seemed to 
me desirable to explain here more in detail that this was the case, 
pspecial1y because with other experiments on the cri tic al state, 
attention must be paid to deviations of the same kind, even when 
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they are reduced to much smaller 
dimensions by the precautions of 
the observer . 

From ÁMAGAT'S observatious 
in the neighbourhood of the cri
tical state plotted in a diagram 
with regard to density and pres
sure the densities at intermediate 
temperatures are easily found by 
interpolation with the coefficients 
of pressure. In fig. 3 at at (the 
density at the temperature t) as 
abscissa I have plotted as ordinates 
a itself and also at + 1 and at - 11 
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Ilw valtj('~ wJlit'11 !IJldut' 11Il' ~:tlll(' jI)'(!HKlU'(' :tn: l'olllk,lllJ l(!lIll'elatuJ'('~ 
which are sitllatetl uithol' 1 deg. C. higher Ol' ] apg'. C. l()\\,cl' tllall t, 
Tho Ïiwthcrmal of density dl giV!'i'l in tllis figul'c tlH\ smuc lino for nU 
valurs of f (it is (lmWll as a ,1oHe(11illo at an anglc of 45°). 'J\vo ('Ul'vrs 
d, T 1 1\]1(1 at _ J l>PlOllg' to (la('.h te!l1 pomtmc t anlt in(1iC'ate hy the 
diffcrellc<' of their oJ'(1inates f'I'OIll that of thn line dmwJl at ~n angle 
of 45° tho val'iatioll of !l())lsit,y fo!' 1 dog'. C. differonco of tompcratnre 
fl'olll tho den&it.,· at at te. In this WiL] tho c1evintions 1'01' 1 oeg. C. 
at :l5° C., 4()0 C. étnd 4Go (J. al'p oaeh J'epl'os<'llte(l by two of these 
cUJ'vrs of (leviatiOlI. 

This figul'e Hhows VlJl',)' cl(!al'ly thai. at SOIllO (lclIsitics eyeu small 
diffc!'cnc('s in tCJllpcmturo at 3fio C. lllay lelt(] to imp0J'ta.nt, 
variatiollK in (lem;ity. For tho eOl'J'octioll tn tilt, expel'iment:; -tl'eatod 
in COll1!1lUllicatiol1 N0. üS ~ 2 it gives lI1uch large!' values, thap. 
those <1crivcd there Ly mea]):,; of a meaJl cocfficient of expnllsion. 
The latter had wrong])' been caleulated froll1 the diffel'cnce in density 
hetwcon two limi ts of tempcratuJ'os within whic)l the coofficient of del1sity 
vaJ'iation haR a maximum. '1'110 nRr. of a mean coeffieicnt of oxpansion 
is only allowed within JlHl'l'OW lil1lits of tempcl'atul'c in th at caso. 
J[owovor in ju(lg-illg Dg HJmN'S oxpcrimentR, I havo attachcll s1l1ttll 
yalue to this OO),I'CctiOll. 'l'ho JIl0aSUI'Clllcnt of tho difforcnce of tem
pCl'atul'o, ft'Olll ",hiel! it IIllltot bo calculatod, 10ft lIlueh to be desireçl 
in 111)' pl'eliminary dotcrminatio11s; (the l'P!tson why fUl,ther dotermi
nations were not made bas bern oxplained in § 1 of Cornmunication 
(,8L During the oxperimonts 0110 of tho wiJ'es of the thermo-element 
was b1'o]((,)) , so that a correetioll must be appliod to the differeneos 
of temperaturo meaSUl'e(1. 'rhis is not of an'y account fol' the measu
l'em8nt of the val'iation of tbc differeneo in temperature (Comp. § 3) 

of the two l'escryoil's eaused hy the opening of the eoek, but yot 
leaves uncel'tain this difference in temp<.'ratul'e itself. Anel the ohiof 
argnmrnts 1'01' the rofutation of DE HEmN's hypothesis was that I 
found thc (lensities in the upper roservoir only slightly- smaller thaJl 
thoso in tho lowcr, although it was cortaiu that tho formol' ha(l ft 

somewhat high or tomperatnre than thc latter. 

§ 2. With 1'01')' small dift'orcnccs of tomperature tho difforcncr 
of tho moan Jensities in two pal'ts of a cylinder in w11i('11 the tem
pCl'aturc varics with tho hcight accor<1ing to a given law (o.g. linendy) 
('nn PIlRily 1)(' caleulatrcl. In ft case sncl! as tIle ,(,XpCl'ill1<'lltK of 1)[~ 
][gl.:N it f4(lrlllR to 1111' ]Il'ohal>le tlwt we lIlll)' put: 

t=to +2)..!t, 
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iu wbieh lo tlLandtl fol' thL' I.cmpemtul'c aL a givcll hcîght, fur 
instancc that of thc co ck of his nppaL'atus, anu l~ for the hcight of 
thc layer with tempemture t, above that given height. 

If ap ! l'eprcsents the uCllsity at a given pressure and temperature 
then we may put, at vcry small diffcrenccs of temperature 

ap! = apio + b. Ct - to)' , 

in which IJ. = dap' can be deducecl from fig. 3. If the upper end of 
dt 

the upper rrscrvoir stands' at lis and tbe 10'wer end of the lowcr 
reservoir at hi, th en the mean density as in the upper reservoir 
and ai in the lowel' reservoir is: 

as = a plO + b. ). lts l 
at = a /Jlo + b. ')., hi , 

• . • • • . • (1) 

In the ease of DE HEEN, putting lis - hi = 1, ). gi ves the differcnce 
between the temperatnre at the mic1dle of nle uppel' and of the 
Jowel' reservoirs. 

Fo!' the mean <lOllsity am jJl the whole reservojr from 

wo fintl 
. . . . • . (2) 

In DE HEIm's first serieR of experiments, neglecting the dimons
ions of thc coek 'we finel 

hs = 0,5 hi,= - 0,5 0111 = a IJ/a 

anel so w llat DE liEEN gives in this series as the c1C'llRities of vapolll' a tIL 

mul of liquid Ovl wc finel to be 

adl = Om + 0,5 b. ')., I 
Ov1= 0111 - 0,5 b. À 

••• • el •• (!l) 

all<l t.he clifl'cl'once of the so-calleel vapolU' mul liqnÎ(l !lomlity at. 
tbc SlLllle am 
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In DE HEEN'S second series of experiments a difterence must be 
made between a determination of what he calIs a vapour density and 
what he eaUs a Jiquid density. (Comp. Communication N°. 68). 

In the first case we must put lts = 0,2~9, hi = - 0,771 and 
according to (2) 

aCd) = aCd) + A A (0 229-0 771) 
m ~ " 

in the second case 

aCv) = a(v) +~ A À (0 845-0 155). 
In to ' , 

So that by means of (1) we find fol' the vapour dellsity ddlI and 
the liquid density dull given by DE HEEN in the series 

ddll = d(el) + 0,771 b. A 
111 

. (4) 

avll = d(v) - 0,845 A A 
m 

or also for the same value of d(d) and d(v) 
m 111 

dvII - ddIl = - 1,62 A À. • • • • • • (4a) 

In the two series the same value will have to be put for 1.., and 
b. wiII also be the same at the same d; hence it follo ws from 
(3a) and (4a) that the deviations, which originnte in À, wiIl be llluch 
greater in the second series than in the first. 

DE HEEN found fol' the experiment treated in Communication 
N°. 68, § 2 and § 3 in the fin;t series 

dvI - ddl = 0,088 

in the second series, where another SOlH'ce of error occurred (comp. 
Communication N°. 68). 

dvII - ddil = 0,190. 

From the combined deviations at 35°, 40° and 45° C. in DE HEEN'S 
second series according to the tahle considered in Communication 
N°. 68, if we desired to attribute the deviations found exclusively 
to the differences in temperature considered now and if we equalise 
A for all tempo/'atures, I Bnd A = 1°,35. Here I have put the 
deviation for 1 deg. increase for 6. in the dd equation, that for 1 deg. 
decrease in the dv equatioJl, both derivec1 from fig. 3. 
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Then approximately we have 

_ ':lCd) 
0dll-Um +6. 

o = oCv) - 6. 
vIl m 

The so-called liquid densities anel vapour densities of this series 
of DE HEEN (as in § 4 of Communication N°. 68) if drawn as 
ordinates against the mean-density as abscissa, must then give the 
same figure as fig. 3. From fig 4 may be seen that this is actually the 
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case. This figure gives the curves for 
35° C., 40° C. and 45° C. for DE 
HEEN'S experiments borrowedfroma 
drawing by VERSCH.A.FFELT (comp. 
Communication NI). 68). Except for 
accidental errors the figure is in 
s uffici ent agreement with fig. 3. 
The whole system of deviations 
from DE HEEN'S experiments agrees 
therefore with that which would 
result from the supposed distribu
tion of temperature. 

§ 3. Also the increase of the 
vapour df'ni:lity with regard to the 
mean density in DE HEEN's experi-

o,i' 0,.5 0,6 ments below the critical temperature 
(see fig. lof Communication N°. 68) is in correspondence with the 
supposition that the temperature incroases in the djl'cction from the 
lowel' reservoir to the upper. In fig. 2 of the same, calculated fl'OID 
AM.A.G.A.T'S observations supposing that in the two reservoirs of DE 

HEEN the temporature was everywhere the same, this rise of 
the curve on the vapour side, as long as the liquid surface does 
not enter into the upper reservoir, does not of cqurse occur. lf 
however the temperature in the two reservoirs increases in the said 
direction the temperatul'e at the height of the liquid sUl'face in the 
Jowel' reservoir will be higher at ft greater than at a smaller mean 
density. The maximum. vapour tension increases thcreforc and also 
the density in the upper reservoir. Thi'3 will be oven more thc case 
with tempf'ratures co ming nem'or to thc critical than with lowel' 
temperatures. This peculial'ity is also fotmc1 in the deviations of 
DE HEEN'S results. 
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Mathematics. - Prof. J. JHl Vmw,: "]Il/J(}!ulioJtiJ Uil !f CI/rbe 0/ 

())'dfl' tour mit" triple point." 

1. If the points of a pIane curve of order four, 0,1" IHlving in 
o a triple point, arc arranged inta thc pairs PI' P'!. of aquadratic 
involution, 12, the right lines PI Pc;, ellvelop a curve, r~, of the 
third class (envelope of involution). 

l!'or, through 0 110 otlter tangents of the envelope of involution 
can pass than the right lines connecting the points of contact 
0', 0", 0'" of the thl'ee tangents of 0.1 in 0 with tbe points 
conjugate to them in 12, ' 

'l'he tangents from any point J11 to r 3 evidently contain the three 
pairs of points which Ic;, has in cornmOJl with the biquadratic invo
lution, thc g'I'OUpS of- which are dctcrmined h:r tbe rays through j}j. 

Let us now consirler two pairs J\, Pc;, and (21, Q2 of 12 and ft 

point S' of 04, The pencils of conics having as hasepoints 0, S', 
P1, P 21 anel 0, S', Ql' Q2 interseet 04jn the pairs of two new 
quadratic involutions having one pair S", S'" in commODo Thc 
involution 12, completely deterrninec1 by the pairs Pl, Pc;, anel Ql, Q2, 
can be generatec1 ur means of tbe penei1 of cOllies wlth the basepoints 
0, S', S", S". So: 

Eaclt quadmtic involution can be geilerrtted bIJ 11Ieans of' an illfinity 
of pencils of conics ll'hose 1xf/'iable vasppoints (orm ({ cubic involution. 

'l'he degenemted conjes of the pencil (0 S' S" S'") fUl'llish three 
pairs of 12, lyillg on the sides of the triang1e S' S" S"'. Each pair 
Al' A 2 of 12 lies in a l'ight line with a pair '1", T" of the "eon
jllgate" 13 ; for, if the conie connecting any pair of I2 with 0, T',1"', 
intersects 0 4 still in 7"", then 0, T', T", T'" aro the basepoints 
of a peneil generating 12, So : 

1'he two conjugate involufions 12 alla 13 have tlte same envelope 
of' involution rs. 

2. Of the tangcnts from r 3 , passing through tho point PI S' of 
04, one bears the point P2 conjugate to PI in 12 ; the other two 
tangents eonneet S' with the points Bil and S", fOl'ming with S' a 
group of Is. 

If V' is a branchpoint of Is, the eorresponding points V" antI 
V'" coincide; their connecting line is a common tangent of 04. ana 
1':1, V' lying on r 3, because the right lines V' V" and V' V'" /trc 
coïncident. 

lf the right lino 8' 8" coincidcs with the right lino containing J\ 8' 
allel P21 tlien PI allel P2 t,.t.!w the place of tho pair (2l, Qz of 12lying 
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Uil H' 8", :)u Lhib ('abC eau 1'I'CbCIII ilHelf OlJly wlleu (t)! cojncÎ,lci5 

with 8', so that the ()IlI'VC~ ()4 aJIIl 1'3 touch earh other in 8', 'l'he 
number of those points of ronta.ct COI'l'<,spollds to the number of 
coincidences of' thc eOlrcsponf]cnce whieh al'iRes when two points 
Ql a.nf] S' l~'illg' on thc same tangent of l' l are made to eorrcspond 
to eac11 othcr, Eaclt point 8' indicating two pairs Ql' (I'l, whilst 
aacll pair Ql, ()2 fumishos a pair 8', S", the correspolldence haa 
the symbol (2, 4). Sa t\ anel r'l touch each other in six points R. 

Su the 18 COlll1l101l tangents of () J allel r Jare reprcRented by the 
G tangcnts in thc points R counted cloubIe allrI by the right lines 
fvrrning the G cl)incirlcnces of 12 and 13' 

Each point II takes the place of two points of intcrsection of 
04, anu ra; thcf>c curvcs lmvillg morcover still the branchpoillts of 
J;) in cormlloll; thc envelope of involution r:>. is a curve of order 
four, thus of eleficicncy zero. The double tangent of 1'3 contains the 
two pairs comlllon to I 2 ana 13 or, what comcs to tbe same, two 
pairs of I2' 

3. If the points 0' alld 0" form a pair of 12, the envelope r 3 

ureaks up into a conic of invoJlltion 1'2 and the point O. 
Now tbe pairs of the points S', S", in which 04 is intcrseeted 

Ly the right lines PI P z, form a second quadratie involution J 2• 

l!'ûr, one of the tangents out of PI = U' cOlltains the point P2' whilst 
tl1c other bears ft pair Ql, Q2 of 1~ and thc point U' conjugate to U'. 

E,·idently the "conjugate" involutions 12 and J2 have the pair 
0', 0" in eommon. The iangents from 0 to r 2 conneet 0'1/ with 
the points conjugate to 0'" in 12 and J 2• 

The right line bearing the pair Al, A 2 ofJ2 and the pair BI, B2 of 
J2 cau become a tangent of 04 in two different ways. First, when 
Al coincides with A 2 or B' whieh B"; the coincidcnces of the two 
involutions furnish four common tangents of ]'2 and 04 , Secondly 
when Al coincides with B'; then this gives rise to a point of con
tact of 1'2 and 04, As 04 is of the sixth class, there will be four 
suchlike points of contact; indeen, this also ensues from the fact, 
that between the points Al and B' exists a correspondence (2,2). 80; 

'1'he cOllies of involution r 2 touch 04 four times. 
The conic r 2 is determined by one of its points of contact R; 

fol' of 12 anel J2 we then know two pairs, namely 0', anel 0" and 
tl1e pair cOllsisting of Rand one of its tangential points. 

The points of contact of the cnvelopes 1'2 form a biquadrutic 
involutioll goiven at the same time witl! (Jl' whi<,h can th<l!'I'f'o\'C he 
ca.llod a {ulldamclltltl iJwolutioll. 
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The points a', 0", A'" forming thl'ee pair3 there arc three funaa
menteli involutions and thu:!c syRtcrns of conies touching four times. 

,:rhe conjugate 13 being braken up into J2 and tbe point 0, the 
pairs of 12 lie in conics through two points B', B" of J2, touching 
in 0 a fixed l'ight line, whieh forms with B, R' a conic of the 
indicated peneiI; sa it has in 0 four points in common with 04 and 
is therefore the tangent t'" in 0"'. 

Eaeh pair of 12 can be eonnected with caeh pair of JI! by a 
conie touehed by t'" in O. 

4. If B' alld B" eoillcide in a point ])Il the cOl'I'esponding pencil 
contains two enyelopes touehiug- 04 still in a sccond point DIl' 

The quadratie involution 12 determined by the pairs a', 0" and 
Dl' DIl evidcntly coincides with its conjugate J 2 ; for, J2 contains 
the same two pairs. Tbe tangents drawn from any point of 0

4 
to 

T2 conneeting tbis pomt with the two points with whieh it forms 
pairs of 12 and J 2, the lellvelope rl! will in this case rlegenerate 
into a point 6 to be counted double. 

Each ray through 6 bears two pairs of 12 eonjugate to itself. 
Two tangents from 6 to 04 contain each a coincidence of the invo
lution; the remaining four are represented by two dou bIe tangonts, 
taking together the plaee of the conic belonging to 12 and touching 
04 four times. 

The second point Du belanging to DI determines in the same 
way a similal' partieuLn 12, of which the point of contact, counted 
double, of the remaining two double tangents is to be regarded as 
T2. So: 

Eaclt of the six points of intel'section of the double tangents is the 
centre of a pencil of mys, each my of w/dch bcars two pairs of a 
fundamental involution 1). 

We may suppose th at the notation for the double tangents dl, d2, 

ds, d4 has been chosen in sueh a way that th", points 6 12 = dl d2 and 
t,84 = ds d4 belong to the fundamental involution" haring the pair 
Ol, 0" in eommon, 613, 624 being in likeway conjugate to 0', 0'" 
and 614' 6 23 ta 0", 0"'. 

The right lines connecting a point DI of 04 with 6 12 and 6 84 

1) These fllndOlrental involutions piesent themselves a1so on n 04 wlth three nodes 
(camp. J. Dl] VRlCS, La 1j1lal'tzq.1U' tl'illodale, Alchives Tey1er, t VII, § 16). A1so 
:t 0

4 
wlth two no des contmns similar invollltlOtlS (comp. J. DE VRIES, Over' vZakke 

krolJlme ZIJl/en van de 'lJZel'rle 01 rlp 111ft tIDPf' tlllbbelplllltfJ1t, Nieuw Archief !'oor Wiskunde, 
vol. XIV, 1888, p. 197.) 
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contain respectively the points Dn and D", eonjugate to DI in thc 
eorresponding fundamental invo]ution. Now it is easy to see that 
the right lines .6 12 D" and A34 Du interseet each other in a point 
D' of 04,. 

For, if we determine an involution 12 by the paiL' 0', 0" and the 
double poin t DI, thèn DH and D" are the double points of the con
jugate J2• In the secolld double point D' of 12 the curve 04 touches 
a cOllie, touehing it moreover in D" (Dn) and in 0'''; eonsequently 
D', D" and D', DH are pairs of tbe indicated fundamental involu
tions. So: 

Any tlfJO opposite ve1·tices of the quad1'ilafeml formed by the double 
tangents are tlzerefo1'e two adjoined vertices of alt infinite number of 
quadmngles desc1'ibed in 04

1). 

An involution 12 being projected from 0 by an involution ofrays, 
the theorem holds good: "Thc pairs of rays projecting from 0 the 
points of contact of two double tangents, }je in involution with a 
pair of tangents in 0 and with a pair formed by the third tangent 
in 0 and the ray thl'ough the point of intersection of the double 
tangents." 

5. The cubie involution eonjugate to aquadratie (§ 1) is not 
the most general one. One of its groups eontains the points 0', 0", 
0''', sa that its envelope of involution consists of FS and the point 
o to be eounted three times. 

The general Is has an envelope of involution of the sixth class: 
tbe six tangents through 0 conneet respectively 0', 0", 0'" with the 
two points conjugate to them. 

We shall consider the two groups Al' A2' As and BI' B2' Bs. 
The pencils of conics having as basepoints (OAI A 2 As)and (0 BI B2BS) 
interseet 04 in two quadratic involutions. Let P', pil be the eommon 
pair of points and Q the Ïourth point of interseetiol1, not situated 
on 04 , of the co nies (0 p' P" AIA2 A 3) and (0 p, P" BI B2 Bs), 
then 12 can be generated by means of the cOllies of the peneil 
(0 P' P" Q). So: 

Each cubic involution can be determinecl by a pencil of conics. 
Eaeh of the degenerated conics (0 P', Q P') and (0 P", Q p') fur

nishes a linear group, that is, a g'1'OUP the three points of which 
lie in a right line. 

Sa the envelope rij has two triple tangents. 

1) Comp. § 15 of the previously mentioneu pnper: "La qumtique trinodnle". 
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Tt also pU8SCSSCS double t,wg'ellti:!. Tho points S anu 8' lyiilg in a 
dght lint' with a pair of 13 are conjugate to each atlwr in a cor
respondel1ce (4, 4). Far, two of the tangents out of S= P1 to Th 
conneet PI with P 2 and Ps; eaeh of the remainillg four containg 
a pair of Is as wel! as a point S'. The systell1 (8, !S') has eight 
pairs in comll1on with Is; so there are 4 right lines, eaeh bearing' 
two pairs of 13 ; that is, TG possesses four double tangel1ts; so it is 
of deficiency zero and of order ten. 

To every point 8 eight points P, to every point P 4 points S 
corrcspond. In eaeh of the 1f eoincidel1ces R of th€' system (/::J, P) 
the curves Gil'.!, and TG10 touch each ot her. The remaining 12 com
man tangents originate from the 4 coincidences of Is and tbe 8 
coincidellccs of the system (8, 8'). 

Besides the 12 points of contact R, the curves C°4, and rG10 have 
still 16 points in common, four of which belong to the double points 
of Is as branchpoints ; the remaining twclve arc points of S for whieh 
two points S coillcide. 

6. Wh en a', a" farm a pair of 13 the envelopc of involutioll 
breaks up into a point 0 and an envelope r 5• 

All involution Is is fully determined by a triplet Al' .. 12, ~lJ ana 
two pairs BI, 112 and 0', a". The conic through A), Az, ~b touching' 
C4, in A'" interi:iects it still in a point P. 'l'hrough BI, Bz antI l' 
we draw a seeond <.lonie touchillg 04 in ()'II; it has with the first 
anotber poiu t, not situated on G.lt, in COlll1l10n, 1'he pencil (0111 on, P Q) 
eontains the conic (0''' P, 011/ Q) determining on G4 a tri plet of 
points, two of which coincide with 0' and 0". 80 the iuyolution 
Is in whieh 04, is intersecterl by this peueil coutains the triplet 
Al, A2' A3 alld the pairs Bb Br:, anel 0', 0"; so it is identical with , 
the gi\'cn involution. 

The l'ight line P() beurs a linCltr g-roup and is therefore a ttiplo 
tangent of ri>. rrhe systell1 (8,8') being now qualifieu by the symbol 
(3, 3) it has 6 pairs in common with I3' so that r J possesses thl'ce 
double tangents; sa r 3 is of doficiency zero and of Ol'der eight. 

1'he system (8, P) has now thc symbol (4, 6); consequently 
Ooj,G and rs" touch each other in 10 points R, Thpil' remaining 
common tangents are determined by 4 double points of Ia alld the 
() coincidences of (S, S'). 
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Chemistry. - In tho aut:ioJwo uf Dl'. J. l\I. VAN BgMIIIEI,F,-N, 

Prof. 11. KAlIflmLINGII ONNES pl'CSelltt:i ft paper fl'om Dr. 
F. A. H. SCHREINJ!]!I[AKERS entit1eu: "Noteti on equilibl'ia ilt 

trll'/utl'!! SJJstem~." 

(Ilead Mal'ch 30, 1\ 01). 

Thc cxpel'imclltal difficulties encountereu in tlw detol'lllination uf 
the composition of conjugate liquid phases are Hometimcs t:iO g'l'eat 
that, however desirabIc a knowlcoge of these compositions may ue, 
the investigation of them has to be abandoned. Such cases occur 
for instance: 

1. When the two liquida, which are in equilibrium, form an 
emulsion which does not separate into two phases, Ol' does so only 
aftel' an extremely long time. 

2. When analytical chemistry does not provide us with the means 
of quantitatively determining the components. 

Nothwithstanding this we may in sueh cases gain our object, if 
on1y approximately, anel by indirect means, as I will elemonstrate 
in what fo11ows. 

Let us take as ~l.ll example the system : 'Natcr, PIHlnol and Acetone. 
A short C'ommunication on this system is to be found in the pl'O
ceedings of tbe Academy 1899-1DOO and a morc full account in 
Zeitschr. f. Phys. Chem. 33.78. The results communicated in those 
papers concern tlIe forms alld positiolls of the connodal curves at 
different temperatures. Ta obtain these, the following courtIe was 
adoptec1. Varying quantities of phellol were introduced iuto a mixture 
of water allel ncetone of knowIl composition, obtained by direct 
weighing of thc components, and the temperature was determilled 
at whieh Uw two liquirl phases fOl'n1ed passed into a single one. 
In this mUl1ller mixtures of watm' and acetone eontaillino' 

." 

1,83, 4,24, 7,94, 12,2, lG,O, 24,0, 31,8 40,3, 50,2, 59,9 and 64,9 
percent of aeetone were testcd. f 

Fl'oll1 these detel'minat;ons we may casily outain the connodal 
curves fOl' tliffel'ont tompomtul'os 1>y inteJ'po]ation alld this mothod 
should always he applied when it is only possible to weigh the 
c.)mponrnts. 'J'1Ie <1ifJiclIltios lIIentionctl in L allll 2 arc thus without 
inAucncc, Tablc r contains the compositiolls of tho Rollltiol1R of the 
connodal curve at 56".5 obtaincu in this way. 



- 729 -

( 702 ) 

TABLE I. 

Compositio1!S of t7te solutions of the connodal line at 560 5. 

pCt W. 85,5 89.0 89.1 86.5 82.5 79.1 67.9 59.3 48.1 36.9 26 22.7 

pCt Ac. 0 1. 7 3.9 7.5 11.5 14.6 22.2 27.7 32.5 37.1 34 22.8 

pCt Ph. 14.5 9.3 7.0 6.0 6.0 6.3 0.9 13.0 19.4 26.0 40 54.5 

pCt W. 23.9 25.9 27.9 30.8 32.0 34.5 36.9 38.8 40 

pCt Ac. 16.1 12.1 9.1 5.7 4.5 3.0 

pCt Ph. 60.0 62.0 63.0 63.5 63.5 62 5 61.5 60.5 60 

PI. 

tv 

t5"i.1. 

By means of table I the eonnodal curve for 56Q 5 may now be 
dl'awn; in Fig. 1 it is indicated by the curve al a a2' It is, of 
course, known that the liquid phase al may be in equilibrium with 
a2 because both are only binary liquids, but how matters are situa-
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ted as rcgards thc ternary ~hases is qnite unknowll, as is also the 
position of the foldpoint ce. It is known, for instanee, that at ~he 
given temperature a Jiquid phase b2 may be in equilibrium with 
another, but with wlticll other is not known; it is also known for 
instance that a Iiquid exists which may be in equilibrium with 
another one; with which other, ho wever, is as yet unknown. 

Ir we now wish to analyse the conjugated liquid phasès which 
occur in th is system wc meet with the difficulties stated in I; with 
certain concentrations of phenol alld acetone the two layers only 
formed emlllsiollS which did not separate even aftel' waiting for 
houl's; as we shaJl see, howevel', the top layer was present chiefly 
on the surface and the otber at tbe bottom of the emulsion. In order 
to leal'll tbe composition of the two layers which we re in equilibrium 
with each other, l proceeded in the following mannel'. 

lnto a small bottIe, l weighed known quantities of water, acetone 
and phenol so that the composition of the total liquid was accurately 
known. Let l in fig. 1 be thc point showing the composition ofthis 
mixture anel Cl and C2 the two liquiel phases into which the mixture 
separates at 56°5. In order to obtain equilibrium, tbe two layers 
were thoroughly shaken which caused an emulsion to form. Aftel' 
this had been at rest for some time a portion was removed by mealls 
of a pipette from both the top and the bottom and submitted to 
analysis. 

The composition of the one part is indicated in the figure by lJ, that 
of the other by l2 and it is natural that the three points l, II and 
l2 must be situated on a straigbt line which is to be used as a 
check on the analysis. If the straight line lIll2 is now drawn and 
its points of intersection with the connodal Clurve Cl and C2 deter
mined, these will then indicate the composition of tho two liquid 
phases which are in equilibrium with each other and which constitute 
the emulsion. In this mannel', I have determined the position of 
different chords of the connodal curve and therefore, also the com
positions of the liquid phases which are in equilibrium at 56°5. 
From the determinations communicated iu table 2, to which have 
also been added the determinlltions of some clear solutions, it appears 
that the chords have the positions approximately indicated in fig. 1. 
For instance b2 lies further from the side W.-Plt than bI, 02 further 
than Cl or in other words, if we call the solution of branch al ce the 
aqueouB and th at of a2 ce the phenolic layer, acetone dissolves more 
readily in the phenolic thau in the aqueous layer. 

47 
Proceedings noyal Acu<l. .\ IUsterdalU. Vol. lIL 
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rrABLE H. 

Composition of tlte cOlljugated soluti01!S ut 56°5. 

Brauch al «. Branch -a2 (~. 

pOL. w. pOL. Ac. pOL. Ph. pUt. W. pCt. Ac. pCt. PI, 

88.5 0 14.5 40 0 60 

88.8 1.2 10.0 29.3 7.3 63.4 

89.1 3.9 7.0 230 17.1 59.4 

88.62 5.28 6.1 22.5 22.8 54.7 

86.7 7.:3 6.0 22.5 28.0 49.5 -

85.5 8 r: .i) ü.O 22.9 28.8 48.3 

76.0 16 g 7.1 -28.6 36.1 35.3 

75.1 17.5 7.4 28.8 36.3 34.9 

69.5 21.5 9.0 34..0 37.5 28.5 

From the fUl'ügoing it iB plain huw the difficulties mentioneu. in 1 
may be gut over if we can only determillC quantitatively the three 
components or two of them. If this is also impossiblc, there is still 
at our disposal anothcr methocl for determining the situation of the 
chords, namely determillations of vapour tensions. 

Let us take, for instance, a mixture represented in figure 1 by ql ; 
at 56°5 this mixture wilI separate into the two liquid phases bI and 
b2 possessing a certain vapour pressure. If we take a mixture q2 

thiH wiU also separate into two layers bI and b2 although the relative 
quantities of these phases wilI, of course, be different. The vapour 
tonsion however, wiJl be tlte same. This is, of conrse, also the case 
if we take mixtures like qa anel q4 and generally for all mixtures 
roprcsonLecl uy points on the chord bI b2• 

All mixtures reprcsented by points on the chol'd bI b2 have there
foro, the same vapour tension. Inversely the position of the chord 
may be detormined ",hen the compositions of different mixtures having 
the same vapour tensions at the same temperature are known. 

In the system: watcl'-acetone-phonol I have made many determi
nations of vapour tension which I hope to communicate more fully, 
later on; I will now mention only a few of the determinations and 
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show how tbc position of the chol'dt:! may 10 determilled fl'om them. 
The vapour ten sion of each of tbe mixtures investigated has been 
determined at 10 to 15 different tempenttures; in what follows I 
only mention the vapour tensions at 56°5 which bave been obtailled 
from tbese determinatiolls by interpolation. 

Let us first con si der the side TJl-Plt of fig. 1, that is mixtures 
which contain only water and phenol. 

0% Ac. 

10 .Ph. o 20 5.58 7.42 10.88 145 60.0 6\1.2 76.7 80.3<1, 88.06 

.P iu m.1\1. 125 125 ] 27 127 127 126 126 121 122 U8 102 

7.94% Ac. 
% Ph. 0 l.22 2.41 5.93 1002 1519 19.81 29.93 40.48 49.28 62.67 70.15 7125 80.76 
P iUIllJL 278 271 262 236 216 193 180 158 147 140 135 1:30 126 119 

15.6% Ac. 

Ufo Ph. 0 1.39 3.03 6.14 9.(i3 14.30 JO.Sl 29.74 38.81 

Piu m.M. 387 369 350 318 2!J2 262 232 103 171 

% Ph. 40.60 60.13 66.\1S 74.88 8:3.00 
P in m.M. 155 J44 137 130 115 

22.52% Ac. 

010 Ph. 0 3.08 8.38 ]3.!J5 20.01 24.38 2!J.72 35.95 

Piu m M. 446 408 350 318 277 253 226 205 

OfoPh. 41.60 40.51 59.19 6!J.20 79.G8. 

P in m.M. 18G ]G7 155 110 122. 

31.82% Ac. 

% Ph. 0 4.10 7.68 13.36 20.13 24.77 29.!HJ 3·L.13 30 . .!!J 

P in mM. 52,~ 468 428 319 335 302 271 251,5 221 

% Ph. 40.03 4.5.57 5U8 57.61 62.06 71.0ü 7!J.77 

P in m.M. 218 202 186 170 lGO 141 ]23. 

The VapOUl' tensions are given iu table 3 undcr 0 pCt. of acetone. 
It will be seen tllat as thc quantity of phcnol incl'cascs, thc presslue 
first risos fl'om 125-127 m.m., falling again to 126 m.m. when 
tbe liquid contains 14.5 per cent of phenol. If mOlO phenol is added, 
two liquid phaRcs appeal' and the prcstmre remaills 126 m.m. until 

I the mixture co.ntains GO pel' cC'nt of phenol; if still moro phcnol is 
addccl, thore only J'cml'lill:~ U110 li<lUid pbase aua UlO Y;tpOUl' tension 

47* 
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p ueCl'cases corlti!luously. This 
is represented in the usu al 
way in fig. 2. The amount 
of phenol is - gi ven on the 
horizontal and the pressure 
on the vertical· axis. "A line 
is thus obtained which is 
indicated diagrammatically by 
the one marked 0 pCt. of 
acetone. At the left hand side 

cS ~~~-~~~~------ISI A consist of a pal't with a 

O%Ac 

0% Ph 

maximum, in the centre, 
whore both liquid phases oceur, 
of a horizontal part and fol' 
the l'cmainder of a slanting 
line. Passing now, in fig. 1, 

/00% Ph • f along tbe sldo W -Nt rom 
7J7 to Ph, tho pressure at first 
increasos, readIes a maximum 

alld thcn uccrenses until al in reaehcu; from al to a2 the pressure 
rcmains constant and flom a2 to PIt it ugain dccroases; the pressure 
therefore rcmains ronstant in the rogion in which two liquid phases 
are present. 

It is different, 11owev('1', if we move alollg' a lino through the 
tl'iauglc, fol' instanee from 1':1 to Pit, along tho lino 1'3 Pit i from 1'3 

to dl wc then move in the hOl1logenous field; from dl to e2 we 
tmve1'be the beterogenous anel from e2 to PIt we find ourselves again 
in tho homogonous field. It is, of course, plain that if we move 
ovor tho parls ra dl and e2 PIt thc pressUl'e wil! bo continually 
altering, as was thc CHJ:>e with tho parts Wal and Ct2 Pit; on the 
part dl e2, the behaviour is, ho wo ver, different from that on al all' 

On tho part al a2 thc vapour tOll!:lion remains ullchangod; on dl e2 

it changes continuously. This will bo easily unterstood if wo rcflcct 
that tho pressure at eh is the same as tho prcssure of the two 
cOJljugated phases dl + d'),; at l tho v~tpour pl'essuro is that of the 
systom ('1 + c2; in 13 the va pour prcssur0 conesponus to thai of the 
systern bI + b2 ; in eQ the vapour prcsslll'e is thc same as that 
of the system el + e2' vVo thercfore J:>oe tba t if WC 1110VO from dl to 
e2 the vapoUl' prOSSUl'e must bo changillg eOlltiuually just as it altcrs 
along thc connodal lline fl'om dl to el or from d2 to B2' (From thc 
determinatiolls it follow8 that the vapour prossure increases along 
the COllllOlhd Elle from al tlnu a2 iu the dÎl'ectioll of the fuldpoillt a. 
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If, th erefore , we move from dl to e2 we must notice 11 continual 
ilecrease of the vapour pressure. 

All tho solutions situateu on tho line 1'3 Ph havo tho pcouliarity 
that tho re]ation between water and ncetone is the same in all of 
them. The vapour tensions of the solutions on this line may th ere
fore be repl'esented as though we had a binary mixture of the 
components of which one is phenol and the otller a mixturo of water 
and acetone in constant proportion. We, therefore, put down in 
figure 2 the amount of phenol on the horizontal and the pressure 
on the vertical axis. Let us take as cxample the solutions in which 
the l'elation between water and acetone is 84.4 : 15.6 or in othcr 
words those which contain 15.6 perrent of acetone if we disregaru 
the presence of the phenol. These determinations are given in 
table 3 marked 15.6 percent acetone. U nder P the vapour pressure 
in m.m. is given and under pCt. Ph the total amount of phcnol in 
the liguids. The first determination, therefore, gives the vapour 
ten sion of a mixture which contains na phenol, that is of a mixturo 
of water anu acetone containing 15.6 percent of acetone. As may 
be plainly seen from this series, the vapour pressure decreasos 
continually with increasing guantities of phenol. 

In fig. 2 this series is indicated by the curve marked 15,6; the 
curve is not continued to its end point, 100 percent of phenol, but 
on1y to 83 percent. Tt must, of course, end at tbe same point as 
the line indicating the vapour tension of water and phenol ollly. 

In table 3 some othor determinations are given under 7.94, 22.52 
and 31.82 percent acetone, the significanre of which will bo suffi.
ciently apparent aftel' the foregoing explanation. The corresponding 
vapour pressul'e curves in fig. 2 are marked by the same figllres. 
Each of theso curves consists of three pal'ts, namely the two portions 
at the sides whieh relate to the homogenous liquids and the porti on 
in the middle (betweell the two crosses) whieh relates to the mixtures 
which separate into two liquid' phases on the conllodal curve. In 
the two points where these three meet, they exhibit a discontinuity. 

From fig. 2 ,the situatioll of the"chords of the connodal curve at 
5üo.5 may be obtained. 

Let us drawan borizontal line 881 whirh illtel'Sects same of the 
vapour tension curves; each point of intersection indirates a solution 
or a complex; all the solutions and complexes situated on this lino 
have the same vapour tension. Let us confine ourselves to thc 
complexes on]y or to those parts of the vnpour tension curves, which 
arc indicatod in fig'uro 1 by points within the connodnl CUl'VO and 
therefore belong- to tbe hetel'og-cnolls fielrl. Let us draw tbe lino 
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8S1 in sueh ft way that it indieates for instanee a vapout tensi01l 
of 180 m m. We then have 4- complexes, inclicated on the curves 
by 7.94, 15.6, 22.52 and 31.82 percent acetone, which at 56°.5 
have a vapour pressUle of 180 m.m. and must therefore in fig. 1 
be situated on the same chord as for instanee the points ql, q2' qs 
and q4' 

The composition of these complexes may be ascertained from fig. 2; 
from the figllre we may obtain the am ou nt of phenol in the complex, 
whilst the relation betwe~n the other two components, that is 
between water and acetone, is known. Thus it is found, for instanee, 
that the point of intersection of the line 881 with the vapour tension 
curve of 15.6 percent acetone indieates an amount of phenol of 
34.6 percent. The complex, therefore, contains 100 ---.: :34.6 = 65.4 

percent of water and acetone of which ~~06 X 65.4 percent is -acetone 

and ~~04 X 65.4 percent is water. We, therefore, find that this 

complex consists of 55.2 percent of water, 10.2 percent of acetone 
and 34.6 percent of phenol. In the same manner, the composition 
of the complexes, indicated by the othcr parts of intersection may 
be calculated. 

In the foregoing, we have rlrawn the line 881 in sllch a manner 
that it indicated a vapour tension of 180 m.m.; this vapour tension 
may, of course, . be taken differently; we Ehen obtain other points 
of intersection and consequently other complexes and also other 
chords. In table 4 a few resuIts of these calculations are givcn 
fol' 180, 220, 2(j0 and 300 m.m. 

TABLE 4. 

Temperature 56°5. 

Coroposition of the cOllllJ!exes with a vapollr preSSUl'e of 180 ro.m. 

pOt. W. 

73.8 

55.2 

43.4 

31.0 

pOt. Ac. 

6.4 

10.2 

12.6 

14.8 

pOt. Ph. 

19.8 

34.6 

44.0 

53.0 
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Composition of the complexes wit.h a vapour pressure of 220 m.m. 

pCt. W. pCt. Ac. }JCt. Ph. 

83.7 7.3 9.0 

65.3 12.1 22.6 

53.0 15.4 31.6 

40.7 18.9 40.4 

Compositioll of the complexes with a vapoul' pl'essul'e of 260 m.m. 

pCt. W. 

72.2 

59.7 

46.1 

pCt. Ac. 

13.3 

17.3 

21.5 

pCt. Ph. 

)4.5 

23.0 

32.4 

Compositioll of the COml)lf'xfls with a VapOlll' pr!'sslll'e of 300 m.M. 

pCt. W. 

77.3 

04.7 

51.2 

pCt. Ac. 

14.3 

18.8 

23.8 

pCt. Ph. 

8.4 

16.5 

25.0 

Let us first take the 4- complexcs which Rt 56°.5 hnve a vapour 
tension of 180 m.m.; if thes(' are placei! in the triangle it will be 
seen, that they are situated on a straight line; the sume is the case 
with the 4 complexes with a vapour pressure of 260 m.m. aud also 
with the three complexes whose vapour pressul'e amounts to 300 m.m. 

"VITehave, thel'efore, ngain found four chords; for the determina
tion of (lach of these, of course, only two points were needed; the 
others only serve as a check to con trol the accuracy obtained. 

It is worthy of attention that the chords del'ived from table 4 
are, theoretically, not altogether comparable with those f,'om table 2; 
the latter belong to a connodal line at 56°.5 at a constant pressure, 
the former, to a connodal line at 56°.5 at its 01011 vapoul' pressure. 
As ho wever, a small change in the pressure has generally a very 
small influel1ce on the composition of the two liquid phases in 
'equilibrium, tbe chorns cletorminei! in tho two wnys are practically 
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éomparable. That this is the case is seen when the chords obtained 
from the figures given in the two tables are set out in the tri~ 
angular diagram. 

An eXJminatioll of figul'e 2 rcveals some furthe1' peculia1'ities 
which may be explaineu. From the vapour tension curve, marked 
o percent' acetone, it is seen th at the vapour tension of water is 
increased by the addition of smaH quantities of phenol. I have 
already shown in a former artiele that this is in accordance with 
the formula of VAN DER WAALS which applies in this case. But 1f 
we add phenol to a water-acetone mixture it is different, for, if wc 
take mixtures of water and acetone containing 7.93, 15.6, 22.52 or 
31.82 percent of acetone, we notice from the corresponding vapour 
tension curves in fig 2 that the vapour pressure falls. The question 
is now whet:Qer the addiiion of a new substance to a binary mixture 
has the same influence as tho addition of the same ta a simple liquid. 
Às I will show this is by no means the case. 

We take for example a liquid of the composition 

1 Mol A. 11'1 Mol B 'Yl Mol C. 

which is in rquilibrium with a vapour of the compasitian 

1 Mol A {)J Mol B y lIJol C. 

Let us eaU the thel'modynamic potentiaI,' thc entropy and the 
volume of this liquid Çl' ?1I alHI VI and that ot tbe vapour phasc 
ç, 11 and V. 

In equilibrium we have: 

(I) 

Assuming that the relative quantities of the components A aud 
B is kept constant in the liquid, .1'1 is also oonstant. If we also 
kerp the tempcraturc constant tbc only variable quantiti(ls rcmaining 
arc '/11 a' Y fine1 P. From the equfitions (I) we obtain: 
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( 
aVl a VI) 

- (Sl.t'I + tI YI) dIJI + VI - a'l O:rI - '!JI OYl dp = 

( av av) = - ( '1'$ + S!/) d.c - (sx + tv) dg + V - :r a; - 'IJ ay dp 

aVl av 
81 dlfl + - dp = dJ' + sdy + -;;,- dp 

O.cI om 

• (U) 

in which 

If we muJtiply the secono oquation hy {IJ and the third hy y 
and add the resuJts to the first we find: 

dp 

dYI -

This equation shows tho change in pressure which accurs whell 
we add new substance ta a liquid made up of the components A 
and B. Let us assume that the quantity Yi of the new substanre is 
exceerlingly small so that Y is aJso very small. We then filld for the 
limit valuc 1) : 

FOl'muIa. III now beeomes: 

• • • • • (IV) 

1) ZeJtschr. ftir P)lyS. Chem. 21), 327. 
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whieh may, therefore, Lr npplicd when only small_ quantities of the 
new substance are added. As will be readily understood, the sign 
of the denominatol' is -always positive; as to the sign of the nume~ 
rator, tbis cannot be Judged witbout further information. The quantity 

..!.. is tbe partition coeffieient of the new substll.nce between vapour 
Yl -

and liquid. This coeffieient decides whether, on adding a new sub~ 
stance to a simple liquid, an increase or àecrease of P will take 
pIacEl; this, however, is ~by no means the case here, as there is, in 
addition, another term SI (a--:rl) which may be either positive or 
negative. 

dp 
The value of - from IV mayaIso be considel'ed as a funetion 

d!/1 
of Xl, that is of tbe composition of tbe binary mixture -to which 
the Jlew substance is addeu. It may, thel'efore,_ happen that if Xl is 

allowed to var)' within wido lirnits, dp may change Hign. 
dYl 

We, thereforp, come to the following conclusion : 
"if we alld a new su11stance to a binary mixtuI'C, rithor an 

~incrcase 01' a decreatle of the vapour tension ma)' take place accol'~ 
"ding to the compo"ition of the binary mixture." 

Thi& is in accordanee with observations made on the s)'stem 
water, ncetone and phenol. If we take water and add phenol to it 
the vapour pressure inereases (see fig. 2). This is aIsa thc case 
when, instead of pure water, we use watfll' cantaining but little 
acetolle. H, however, we u8e mixtul'C's containing 7.94 or more of 
aeetone a decroase of vnpoul' tension will bo noticed as shown in fig. 2. 

'fho diflcrence botween tho bohaviour of a single substanco and 
of a binary mixture is even more evident when the a~(lition af a 
now substance, which does not appeal' in the vupour phnRr, lS 

considpred. 
In formulo IV wo must thon pilt. ?J = 0 nlHl wo ohtain: 

. . . . . . (V) 

The numeratol' of this fraction may now be (lither positivo or 
negative so that we come to the fol1owing conclusion : 

"ir we adu to a binary mixture llrw subr,tnn('c not passing 
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"lnto the vap01ll', the VftpOUl' tunsion mny he eithcr incl'eased or 
"d ecreased." 

We, thel'efore fine] an important deviation from the law of decl'ease 
of vapoul' tension in tbe case of simple substances. Let us assume 
that tbe binary mixture has a maximum or minimum vapour pressure. 
We then must put x = Xl, eausing the term 81 (X-Xl), to disappeal' 

from the fOl'llluJa j dp will consequentiy be negative so that we 
d!J 

find that: 
"if we add to a binary mixture with a maximum 01' minimum 

"vapour pressure ft new substanco, whioh does not pass into the 
"vapour, pressure is decreased." 

We, therefore, come to the conelusion that the Iaw of tlle deorease 
of vapour pressure for ft simple Iiquid is still applicable to a binary 
mixture with a maximum or minimum vapoul' pressure, hut that 
in genera) eHhE'l' an jncrease 01' .-1. decl'case of vapoul' pressure may 
oecur with binary mixtures. 

When calculating the formuJa rr from I we have taken the pres
sure as variabIe and the iemperature ns constant. If wc now take 
the pressure as oonstant nnd tho temperature as variabIe wo find 
in a similar manner that: 

"if we add to a binary mixture a new substance which does not 
pass into the vapour, tbe boiling point may be eithel' inereased or 
decreased. Only binal'y mixtures with a maximum or minimum 
boiling point obey the olJinary law of increase of boiling point for 
simple substances." 

In the equilibria of the system water, ethylalcohol anel sorlium 
carbonate investigated in our laboratory by Mr'. KETNER, wo also 
meet with an example of the deviations ",hich binary mixtures show 
011 adding a third substance, in contrast to simple substances. 

The boiling point of water rises when sodium carbonate is adder! 
to it; if however, we take mixtures of water and alkohol, the boiling' 
point is depressed by the addition of this salt, provided that the 
amount of alcohol in the mixture exceeds a certainlimit. The deter
millations are given in table V. As will be seen these determinations 
have been made for alcoholic mixtures containing: 

0, 1.2, 2.2, 5.0, 9,8, 21.3, 35.6, 45.4 and 55.0 percent of alkohol. 

U ndel' percen tage of salt are g'iven the quantity of addec1 N U2 COs to 
100 parts of the watrJ'-alcohol mixture; nnder 6. T the change in 
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the hoiling point, the sign + indicating the increase alld - the decrease 
of the boiling point. 

TABLE V. 

Change in the boilillfJ poÏ1/t of water-C/lcoltOlmi.rtnres on addition of 1\'C/2 C03• 

o % Alcohol. 1.2 % Alcohol. 2.2 % Alcohol. 

% salt .6.T % salt t,T % salt .6.T 

0.65 + 00 .10 0.80 + 0.05 0.44 + 0.01 

1.62 + 0°.21 1.79 + 0.13 0.91 + 0.01 

2.57 + 0.16 1.75' + 0.03 

3.38 + 0.20 2.52 0.00 

5.0 % Alcohol. 9.8 % Alcohol 21.3 % Alcohol. 

% salt .6.1' % salt .6.1' 0/0 salt .6. l' 

0.48 -0.04 0.67 -0.03 0.61 -0.1·1 

1.31 -0.07 1.33 -0.12 l.04 -0.27 

2.15 -0.14 2.02 -0.22 1.72 -0.46 

2.67 -0.30 2.37 -0.66 

3.23 -0.û1 

35.6 % Alcohol 45.4 % Alcohol 55.0 % Alcohol 

% salt .6.1' % salt .6.1' % salt .6. l' 

0.52 -0.14 0.43 -0.08 0.16 -0.03 

1.06 -0.29 0.84 -0.16 0.60 -0.15 

1.62 -0.45 1.45 -0.31 1.19 -0.25 

2.09 -0.42 1.80 -0.35 

2.63 -0.52 
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Chemistry. - Dl'. P. K. LULOI!'S: te Substitution velooit!J in the 
case of aroma tic halogen-nitrodeJ'ivatives." (Communicated by 
Prof. LOBRY DE BRUYN). 

(Rend Mnl'ch 30, 1901). 

Some two years ago Dr. ALPH. STEGER maue an investigatiotl of 
the velocity of the substitution of .oxymethyl and oxyethyl for the 
nitro-group in ortho- and paradinitrouenzenc 1). This research included 
the influence exercised by a change of temperature, decrease of 
concentration, addition of a substance with a common ion and the 
regulated addition of water to the alcohol. 

It now became important to extend this investigation to other 
substances. Aftel' preliminary experiments with various compounds, 
Dr. LULOFS has in the first place confined himself to chloro-, bromo
and iododinitrobenzene 1. 2.4. Of theEe compounds it had been long 
since established that the halogen atom is liable to all kinds of 
substitution for instanee by alkalis, ammonia, amines, alcoholates 
etc. lt now appeared that the rcaction with the last named substances 
lends itself very well to a quantitative research and for this reason 
sodium methoxide anr! sodium ethoxidc we re again chosen here. 

As a firsL result it was estahlished that the chlorine atom is 
much more easily replaced by oxymethyl or oxyethyl than the 
nitro-group in ortho- and paradinitrobenzene. It was further confirmed 
that of the thrce halogens the chlorine is the most and tbe iodine 
the least readily replaced by oxyalkyl; this had already been observed 
hy KÖRNER by comparing the periods in which the reaction is ended. 
The constants for the reaction of the three halogen compounds with 
sodium ethoxide in absolute alcohol at the same cOllcentratiolls are 
in the proportion of 3.26 : 2.03 : 0.455 (temp. 15°). It is remark
able that in the case of the aliphatic halogen compounds thc beha
viour of the halogens is just the reverse; in these compounds thc 
iodine is in the weakest and the chlorine in the strollgest combination 
with the carbon atom. 

In the second placc Dr. LULOFS studied the influence of the decrease 
of concentration on the constant. Tt had been pl'oved by Dr. STEGER 
that the reaction between orthodinitrobenzene is not influenced by 
dilution. On thc other hand CONRAD and BRUCKNEH 2) had found 
that during the fotmation of an ether from an alkyl iodide alld an 
alcoholate, this influence most decided Iy exists in tbis sense that 
the l'euction-constant increases with rlilution. 
------~_~- I 

1) ItelJ. Meeting 29 Oct. 1898; Disser(ntioll 1898 nnu ltecuell 18, 13. 
2) Z. phys. Chem. 5. 289. 'l'his result was cOllul'med by STEGER. (1. c.). 
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This last result, as we know, agrees with the- electl'olytic disso
ciation theory and may, therefore, be used in support of the view 
that the formation of ether is due to an ion-reaction. We are 
theret'ol'e confronted by the remarkable fact th at the Brst reaction is 
not influenced hy dilution whilst the spcond is affected by it, so that 
the second only should be cOllsidered as areaction bet ween ions. -

In the reactions investigated by Dr. LULOFS, the reactioll-constant 
is found to increase (as in the case of ether formation) with dilution 
and pal'ticularly whcn ethyl alcohol is used. In the case of chloro
dil1itrobenzene, the constant rises from 2.94 (gasconcentration) to 
3.56 (one-fifth of that concentration); under the same circumstances 
the constant of tbe bromo-compound rises from 1.88 to 2.33. 

It is a peculiar fact that the rise is much less marked when 
using sodium methoxide in methyl alkohol, being from 1.10 to 1.18 
in the case of the chloro-compound. _ 

In the third place, some experiments were made by Dr. LULOFS 

on the infiuence of the addition of a commOll (Na) ion. Dr. STEGER 

(I. c.) had found that this influence doea not exist in the case of the 
reaction with orthodinitrobellzene, but that in tho formation of ethers 
it is weIl marked, pl'oducing, in accordance with the electrolytic 
dissociutioll theory, a diminutioll of the reaction-constant. In the 
present case aglcement with the last reaction was observed; for 
instanee an addition of sodium bromide to the mixture of bromo
dinitrobenzeno and sodium ethoxide caused a decided lowering of 
the constant. 

We therefore see that in this case as weil as in the case of 
dilution, the aromatic llitrohalogen compounds behave like the aliphatic 
}lalogen derivatives. The totally different behaviour of orthodinitró
benzene in an otherwise quite analogous reaction remains unex
plai.ned. 

In the fourth place it was aseertained iu wh at manner the reaction 
coefficients depellded on the addition of water to the two alcohoIs. 
The l'eaction with orthodinitrobel1zene and those in which ethers are 
formeu had previously yielded very interesting results in this respect. 1) 
Dr. LULOFS was in a position to show that chloro- and bromodini
trobenzene behaved in the same wuy. The coefficients remained 
constant even for all alcohol mixture containing 40 percent of water. 
In dilute ethylalcohol they decrease with tho increase of the amount 
of water; on the other hand when dilute methyl alcohol is used they 

l) LOBltY DE BRUYN aud A. Sl'EGER. Proc. 30 Sept. 1899. Recueil 18, 41, 311. 
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first illCl'eaSe, then l'omain constant aml finally uecl'ease when the 
amount of water reaches about 40 percent. When using alcohol
water mixtures as sol vent, it appeared that the_ decrease in concen
tration causes a rise and the addition of a substance with a common 
ion a lowering of the constant. 

Dr. LULOFS research 1), which may bo usefully ('xtended in val'ious 
dircctiollS, points, Iike thc results quoted, to the desirability of a 
study of the condnctivity of tiJe alcoholates when dissolved in the 
pUl'ü alcohols (partIy carried out by CAHHAHA) Ol' in mixtures ot 
alcohol and water. It will then be possible to ascertain whether there 
exists a parallellism between the change of the reaction-constants 
and that of thc conductivity. 

Chemistry. - Pl'ufOHSOl' BAKHUIS H.OOZI!lIlOOllI IH'OHellts a comrnu
nieation from Dl'. A. Sl\II'rs: "On the prog1'elisive change of 
tlw faetm' i as t'unction of the eoncentmtion," 

(Read .M:arch 30, 1901). 

Of the l:mlts, which I havo all'ottdy ÏllvcHtigaLed, K N 0 03 2) is 
tho ouly one fol' which the factor i ueol'eascs with incroasi11g C011-
ccntration. It, therefore, seemed to me vel'y intcresting to ascCl'tuin 
whethcr other llitrates behave similarly. 

K N 03 being au unhydrous salt, I pUl'posely ehose nitmtes of 
which no hydrates arc known. 

In this investigation I have availed myself of my improved 
Landsberger apparatus 3), which is sufficiently accurate for my purpose. 

Before proceeding to mentioll the results, I will fil'st drawattention 
to some points to which attention should be paid in the dctel'mi
nntion of boiling points by this method. 

In determining the boiling point of pure water, it is noticed 
that the boiling point continuously rises Juring the progress of the 
experiment. In my apparatus this rise anlOuntecl 0.01° in 25 minutes. 
The explanation of this phenomonon is found in the continual 
incrcase in height of the column of water in conscquence of the 
condensation of the aqueous vapour, which takes place. Wh en the 
column of water illcreases in heigM, the pt'CE>SllrC and consequC'utly 

1) Further pnl'LICUlnrs in his diss!:ll'Lntioll, "\m~t(;,ltlalll, 1\101. 
2) Proc. 2l A pril 1900 714. 
8) Pi'oe. 26 Mny 1900 31. 
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the boiling point is l'aised. As I wished to make up solutions of 
different concentrations by ad ding to the water (of which I had 
determined the boiling point) some salt thereby causing all increase 
in the height rf the column, it was necessary to know the increase 
of tempcrature, whicb corresponded to n cel'tain incl'ease in the height 
of the column of liquid. 

I, therefore, conducted a series of boiling point determinations of 
pure water in which the height of the liquid was val'ied. In this 
way I faund, that an increase of 10 m.m. in the height of the column 
eorresponded with a rise of 0.010 in the temperature. 

Theory requil'es for 10 m.m. water at 1000 an illcrease of the 
boiling point about thrice as large. The explanation of tbis difference 
must be looked for in the vigorous mixir,g, whieh oceurs in thc 
boiling liquid owing to which, as will be readily understood, the 
theoretical increase cannot be obtained. As the degree of mixing is 
moreover dependent on the relation between the amount of steam 
transmitted in unit time and the volume of the boiling liquid, the 
observed rise Ül temperature wm dep end on the dimensiops of the 
apparatus and the method of working. That a fairly complete mixing 
took place in my apparatus was proved by an investigation of the 
tempcratul'e of the different liquid layers. This investigation originated 
in the following phenomenon. 1 happened to find that, when thc 
thermometer inside the liquid was raised or lowered to the extent 
of 1 e.m., a change of 0.0050 was lloticed in the tempel'ature. Was 
this to be eonsidered as a proof that the temperatul'e of the differcnt 
liquid layers was unequal, or must tbe explanation be found in the 
change of the height of the column of liquid caused by the altered 
position of the thermometer? 

This guestion was decided by first ascertaining the illfluellee of 
a certain increase in the height of the column of water while leaving 
the position of the thermometer unchanged and then l'epeating the 
experiment taking care, that the thermometer befol'c and aftel' the addi
tion of water reached to the same depth. Both determinations gave 
exactly thc same result from which follows, th at the temperature 

, of the different layel's of water of the strongly""moving boiling column 
of liquid is the same and that, thereforc, the small increase of tem· 
perature of 0.005 0 was aauseu by the challge in the height of the 
column of liquid already mentioned. From the fOl'eg-oing it appears 
that an incl'ease in the height of the column of boiling liquid 
exercises an influellce which canl10t be neglected, so that it is 
necessary to finu out by meaSUl'ement of the incl'ease of height, 
whether or not on addition of salt a cOl'l'ectioll ought to be applied. 
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RES ULTS. 

Na NOs. 

Concentration in gr. mol. Increase of the boiling Mol. increase of the 
i 

per 1000 gr. H2O. point of the solution. boiling point. 

0.0462 0.04.4° 9.516 1.83 

0.0852 0.080° 9.389 1.81 

0.4448 0.398° 8.94.8 1.72 

0.8630 0.771° 8.876 1.71 

Ba (NOs)2' 

0.0461 0.070° 15.190 2.92 

0.0868 0.104° 12.103 2.33 

0.4233 0.466° 11.009 2.12 

0.8890 0.911° 10.248 1.97 

Sr (NOsh. 

0.04.29 0.050° 11.664 2.24 

0.0848 0.098° 11.561 2.22 

0.4142 0.493° 11.903 2.29 

0.9005 1.094° 12.148 2.34 

Ag NOs. 

0.0473 0.044° 9.294 1. 79 

0.0908 0.0870 9.246 1.78 

0.4409 0.382° 8.665 1.67 

O. !)146 0.741° 8.102 1.56 

Pb (NOs)2 

0.0474 0.070° 14.760 2.84. 

0.OB6!! 0.090° 10.351 1.99 

0.4174 0.418° 10.014, 1.93 

0.8793 0.824.0 9.371 1.80 
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'l'hese tables show that while the factor i for Na NOs, ~a (NOs)2' 
.Ag NOs and Pb (NOS)2 diminishes perceptibly with the increase of 
the concentration, it takes in the case of Sr (NOS)2 a course, which 
quite agrees with that observed with KOl and Na Ol. 

A.lthough five out of the six anhydrous nitrates investigated gave 
the same result, the exception, noticed in the case of Sr (NOS)2, 
shows that the fact; that a salt is anhydrous or not anliydrous, has 
no definite influence on the progressive change of i. 

Let us now consider w hat is to be learned from the determina
tions of the electrolytic conductivity of solutions of the salts K Ol, 
K NOs, Na Ol and Na NOs. 

KRANNHALS 1) found at 99°.4 the following: 

• {J."" 
% increase of L I 

lil the 
Concentration Mol. conductive power I 

concentration interval p.. 

1 

1 

1/16 

1 

1116 

1 

1/16 

240 0 

309 9 

205.8 

285.1 

20~.4 

268.1 

173.7 

252.5 

1-1/16 gr. mol. I 

29 

K NOs (f.ta: = 340). 

38.5 

Na Ol (p",,= 316). 

31.1 

Na NOs ({l-rr;= 309). 

45.4 

1) Zeitschr. f. Physik. Ohem. 5, S. 250 (1890). 

OIo increase of i 

in the 

concentrationinterval 

1.69 

1.89 

1 605 

1.84 

1.65 

1.85 

1. SB Ij 
1. 82

1 

11.9 

14.6 

12.1 

16.6 

2) rnstend of fJ.oo here is taken fJ.!OOO' but it is easy to demonstrate, that for our 
purpose this manner of acting is permitted. 
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In these tables it is assumed, that for the concentration given the 

quotient !!.... represents the degree of dissociation. 
flw 

Tt appears, however, from JAHN'S investigation that this is not 
the caSè even for very small concentrations. 

The mobility of the IC and Na ions appears to in ere aso very 
pereeptibly with the cOJlcentration, so that for liquids, which are 

not excessively dilute, ~ is greater than the degree of dissociation, 
flw 

while the difference is continually incrcasing with the concentration. 
All the values of i occurring in this table ought, thcrefore to be 

dim~niE>hed by a certain amount which should reach a mtl.ximum 
for thc greatest concentration. 

If we now started from the supposition that the corrections,' which 
ought to be applieu in the case of the above mentioned salts in 
oruer to get the true degree of dissociation, exercise about the same 
influence on the progressive change of i, it would follow from this 
table that in the case of IC N03 and Na N03 the degree of dissocia
tion and consequently the theoretical value of i (from the conducti
vity) diminishes much more rapidly with the incroase of thc COll

celltration than in the case of IC Cl and Na Cl 2). 
Should this be confirmed by more accurate determinations of the 

degree of dissociation of more concentrated solutioml it might provide 
an explanation of the fact, that the exp0l'imental i (from the rlecrease 
of vapour trmsion allel increase of boiling point) increases with the 
concentration in the' case of not very diluted solutions of K Cl and 
Na Cl whereas thc reverse happens with IC N03 anel Na N03• 

The change of the exporiméntal i is due not only ta the change 
of the dissociation, but also to the influence of the deviation from 
the diluted condition. Researches on non-electrolytes render it pro
bable that this last influence will cause the experimental i to increase 
with the concentration and will, therefore, possess a sign opposite 
to that of the influence of the dissociation change. 

As one of the influences increases the experimental values of i 
and the other one tends to reduce them, the final result will dep end 
on the relative magnitudes of the two influences. 

If then the' dissociation in the case of one salt diminishes much 

') Zeitschr. f. Physik. Chem. 33, 545 (1900). 

/ 2) The cOl'1'ection,s cannot as yet be deduced from .TAHN'S reseurcll, as these llave 

been determined for grenter dilutions only. 



- 749 -

( 722 ) 

leas rapidly with an increase of the concentration than in the case 
of another salt, it is possible that, while in the one case a very 
slow increase of the experimental i is observed (K Ol, Na Ol), the 
reverse may be the case with the other (K NOs, Na NOs). 

In condusion it may be remarked that the resnlts of the freezing 
point determinations of not very dilute solutions have not been 
discussed in this paper because some doubt has been thrown on 
them by their disagreeing with those obtained by the determination 
of the vapour tensions and boiling points. 

Amstel'dam, Ohem. Lab. University, March 1901. 

(May 18, 1901). 
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CIRCLES (On tbe pedal) of lhe point-field in reference tq a given triangle. 323. 
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differenees of temperature. 691. 

DtLUVIAL erraties. See ERRATICS. 
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- J. H. BONNEMA: IILeperditia baltica [fis. sp. their identity with Leperditia 

Eichwaldi l!'r. v. 8chm. and their being found in Groningen diluvial erratics". 
(Communicated by Prof. J. W. MOLL). 137. 
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sp. in the erratic bloc~s of the Groningen diluvium". (Communicated by Prof. J. 
W. MOLL). 545. 

GERMINATlON of foreign Pollen (Preservatives on the stigma against the). 264. 
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- On differences of densi.ty in the lleighbourhood of the criti.cal state ariBing from 
(lifferences of temperature. 611l. 
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i 0 B R Y DE B RU Y N (c. A.). Review of the results of a compnrntive study of the 
tllree dilli.trobenzenes. 375. 

- presents a paper of Dr. J J. BLANI{SMA: "Organic polysulfides and the poly
sulfides of sodium". 457. 

,- presents a paper of N. SCHOORL: "On uren derivatives of sugars". 459. 
- presents a paper of Prof. A. F. HOLLEMAN : "On the nitration of orthochloro
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- 759 -

x C! Ö N T TI N T S. 
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- presents a paper of J. H. BONNEMA: flOn the occurrence of remains of Leperditia 

grandis Schrenck sp. in the erratic blocks of the Groningen diluvium". 545. 

MONILIA. SITOPHILA. (Mout.) Sacc. (On the inftuence of nutrition ou the secretion of 
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OXY-ACIDS (A new kind of fOl'mal- (methylene.) compounds of some). 400. 
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l'HENOL (On the composition of the vapour-phase in the system Water-), with one 

and with two liquid-phases. 1. 

Physics. J. D. VAN DER WAALS Ja: "On the relation between radiation and molecular 
attraction". 2 7 • 
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POLYNOMIALS (On tbe expansion of a function in a series of). 565. 
POLYSULFIDEB (Organic) and the polysulfides of sodium. 457. 
POWER (On the resisting) of the red bioodcorpuscies. 76. 
PRESSURE-CURVES (The properties of the) for co-existing phases of mixtures. 163. 
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XIII 
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