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KONINKLIJKE AKADEMIE VAN WETENSOH1U>PEN 
TE AMSTERDAM. 

PROCEEDINGS OF THE, MEErrING 

of Saturday May 25, 1901. 

------~Oc~~.-------

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 25 Mei 1901, Dl. X) . . 

CONTENTS: On "Cadmiumamalgams". By Prof. H, W. BAKHUIS ROOZEBOOM, p. 1. - "Further 
I Researches concel'ning Oligonitl'ophilotls Microbes". By Pl'of. M. W. BEIJERINCX, p. 5.

"Furthcl' investigations on muscle-tone". By DJ'. J. W. LANoELAAN, (Communicatcd 
by Prof. T, PLACE), p.W. - "Special cases of MONGE'S differential Equation". By 
Prof. W. KAl'TEYN, p. 21. - "Precise Isothermals. Il. Aceuracy of the measurcment 
of pl'eSSUl'e by means of the open manometer of KAMEIlLINGIl ONNES", p. 23. -
nl. "A waterbath of constant ordinary temperature" (with one plate), p. 29. -
IV. "TIIe calibration of Piezometertubes", p. 35. Dy J. C. SCHALKWIJK (Communi
eated by Prof. H. KAMERLINGII ONNES). - "On the repclliDg ofionisation ofsolutions 
of Na OH, Na2 COs and NaHCOs by addition of Na Cl". By DJ'. A. S~IITS {mdL.IC 
WOLFF. (Communieated by Prof. H, W. BAKHUIS ROOZIl:BOOM). p. 42. - "Plloto
bactel'Ïa as a reactive in the investigation ofthe chlC!rophyll.i·unctioo". By P!·of. M. W. 
BEIJERINCK. p. 45. - "Plitue waves oflight in au homogeneous. electrically aud mllgne' 
tically anisotropie dieleetl'ic". By FRED. SCHUIl (Communicated hy Prof. H. A. LORENTz), 
p. 49. - On "Bacteriologic Researches of Human Faeces". (lst Part). By Dl'. ALlil .... 
KLEIN (Communicated by Prof. T. PLACE). p. 65. -. "Synthesis oftrioxybutyl'Ïe acid 
(crythric acid)". By C. PREY (Communicated by Prof, C. A. LOBIlY DE BBUYN).p. 77.
"On ,,-hydroxybutenoic acid (vidyJglycolIic acid) and its decompositions". By G. 
VAN DER SLEEN (Commuuicated hy Prof. C. A. LOBBY DE BIlUYN). p. 79. 

The following- papers were read: 

Chemistry. - Professor H. W. B.A.KHUIS ROOZEBOOM presents a 
communication on "Cadmium arnalgams." 

The desirability of tbe investigation of the nature of tbe cadmium 
amalgams arises from the use of these amalgams in the WEsToN-cell. 
The discllssion 1) about the Ït'regularities occurring when using this 
cell could not lead to a satisfactory conclusion until a better insight 

1) Ccmpare Proceedings of Jane 30 and Oct. 27 1000 nlld ,Febr. 23 HJOI. 

1 
1'roceedings RoyaI Acad. Amsterdam. Vol. IV. 
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was obtained into the nature of these ,amalgams. Mr. BIJL has now 
bl'ought this investigation to a provisional conolusion and_ obtained \ 
the following results. 

-400 

A 
Hg 

d e 

B 321 CaÇlmium and mercury are mis-

f 

cible in all proportions when in 
a liquid state at a sufficiently 
high .. temperature. Fro.m these 
fused mixtures crystals are depos-

1880 ited on cooling which are repre
sented in Fig. 1 by the two_
curves A 0 and C B. The first 
runs from A = - 40°, the mel
ting point of mercury, to C= 188°; 
the seconn from this point to 
B = 321°, the melting point of 
cadmium. The two curves meet F G 

Concentration. Cd at C forming all ang~e. Both the 
Fig. 1. curves which have been determined 

by the thermometrie and by the dilatometric method, indicate the 
points at which solidifications begins . 
. None of the liquid amalgams, however, solidify, completely at a 

constant temperature; solidifieation always takes place through a 
largel' or smaller rauge of temperatures. The end of this cou ld not 
be sharply defined thermometrically, but on the other hand the com
mencement of tue fusion of thc amalgams which had becClmc solidi
fied by su,fficient cooling could be determined dilatometrically. 

In this manner the lines A E, E D and D B were obtained as 
final solidifying, or commencing melting points. From this it appears 
that the whole solidifying figure belongs to the type of one of the 
cases whieh I have formerly distinguished in the systems of two 
substances which on solidifyillg yield exclusively mixed crystals. 

The lines AE and DB represent the two possible series of mixed 
crystals. At 188° thoy follow eacb other with a compara~ively small 
hiatus bet ween E and D, which points eorrespond approximately 
with 75 and 77 atoms of cadmium per 100 atoms of the mixture. 

The following change must therefore take place wh en heat is added 
at 1880

: 

mixed crystals E ~ liquid C + mixed crystals f) 

and the reverse on withdrawiIlg heat. 
As the point C is situated at 67 percent, all the amalgams below , , 
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67 percent Cd. solidify to bomogeneous mixed crystals of the mercury 
type. SimilarIy all- amalgams over 77, percent of cadmium solidify 
to homogeneous mixed crystals of the cadmium type~ The behaviour 
of the 67-77 percent amalgama is more complicated. These all 
begin by depositing crystals of the Cadmium type up to 188°. The 
change: 

liquid 0 + mixed crystals D ~ mixed crystals E', 

then takes place so that 67-75 percent amalgams (at the 1eft of E) 
are converted into mixed crystals E + liquid 0 and solidify on further 
cooling __ to mixed crystals of the mèrcury type; on the other hand 
the ,75-77 percent amalgams completely solidify at 188° to a 
conglomerate of the crystals E alld D of both types. 

F)'he very important questioll in how far the limits of these 
two series of mixed crystaIs, which exist together at 188°, change 

as 'the temperature faIls, has been 
studied electrically. A. change in the 
composition of such limiting mixed 
crystals appears as a rule to take 
place but very gradualIy, so th at 
it was now, as in former instances, 
not possible to prove its existence by 
thermometric or dilatometric means. 

With this metallic mixture however, 
the opportunity presented itself of 
studying the matter by electrica1 
methods. A.t the same time all the 
other percentages were investigated in 

a order to obtain a first in stance in 
Hg Conc. Cd which the electrica1 conduct of a metal-
I Fig. 2. lic aHoy was known for all its val'ious 

proportions. 
rrhe E M F of alloys of every degree of concentration was measured 

in a so]ution of cadmium sulpbate with a reversib1e mercury electrode 
as positive po1e at temperatures of 25°_75°, 

1f we draw, in fig. 1, a hOl'izontal !ine fol' instanee at 25° it will 
intersect the different areas in sueh a manner that all the amalgams 
from a to bare Iiquid and therefore, form 0111y one phasc. From 
b to c they consist of the heterogeneous system consisting of the liquid 
phase b anel of the solid phase c which consists of mixed crystals. 
From c to cl every percentage is à -homogeneous mixed crystal. 

1f we assume that the 1imiting rcpresentatives of the mixed crystals 
. 1* 
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which can exist together at 188°, are situated at lower temperatures 
on the lines E F and D G, we then have at 25° d and e-as Iimits 
and all the percentages between these are again heterogeneous and 
consists of both the mixed crystals d and e. On the other hand -we 
have again from e-f a series of homogeneous mixed crystals ending 
with pure cadmium. 

The line indicated in fig. 2 shows the E M F ofthe cells described 
in whirh the negative pole consists of the whole series of the amal
gams in succession. The letters correspond with those in fig. 1. It 
thel'efore appears, that as long as we are dealing with a series of 
amalgams consisting of one phase (ab, cd, ef) whether liquid (ab) 
or solid (cd and et) the E. M F varies regularly with the concen
tration of the amalgam. On the other hand we have in two cases a 
constant E M F accompanying variabIe concentration, namely from 
b to c and from d to e. In the first case it corresponds with the 
fact that the amalgam is a two-phased one (liquid b ani! solid c): 
in the second it must, therefore be also two-phased, but both phases 
are now solid mixed crystals (d and e). In th is manner the limits 
of the horizontal part de could be determined for different temperatures. 
From th is it was found that on cooling below 188° the limits diverge 
still further until at 25° they have become: 65 and 80 atoms of 
cadmium percent. 

The horizontal line beis of great significance for the WESTON. 
celIs. We can now see plainly why a cellof COll'3tant E M F may 
be easily constructed if only the percentage of the amalgam which 
serves as negative pole is ehosen sJmewbere on this line. We then 
have an amalgam which is partly liquid and partly solid. Sneh a 
mass usually attains equilibrium quickly and sharply when the 
temperature is changed. Moreover, the composition of the a110y 
remains on the line for a considerable time even t,hough the total 
amount of cadmium decreases by the action of the current. This 
merely caURes a slight diminution in the amount of mixed crystals 
and an increase in the volume of the liquid but tbe composition 
of both and consequently the E M ft' remains consiant. 

The extremit,ies of the line b c alter, ho wever, their position with 
the temperature as shown in fig. 1. This was noticed most plainly 
when determining the E M F: the positioos of the points band c 
thus found correspond eXflctly with those in fig. 1. 

The many irregularities which have been observed wben using 
WEsToN-cells may be easily explained by the fa ct that up to tbe 
present an amalgam bas been used containing too large a proportion 
of cadmium, too near to point c, so that on cooling one sooo got outside 
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of the horizontal part, or m oUler words solid mixed crystals were 
obtained, the E M F of whieh was different from tb at of au amalgam 
represented by the horizontal line and wbich reacbed equilibrium 
much less rapidly than tbe semi-1iquid amalgams. 

Microbiology. - "Furthel' Researches concern'ing Oligonit?'oph
ilous Microbes." By Prof. M. W. BEIJERINCK. 

In my first paper on oligonitrophilous microbes 1) I still 1eft the 
question unanswered .,aftel' the forms wbich develop in the light, 
in nutrient liquids, which only contain tra ces ofnitrogen compounds, 
and whose nutrition with carbon can only be effected from the 
carbonic acid of the air. 

The experiments to answer this question were made as follows. 
Large flasks were plugged with cotton wool or filtering paper, so 
that tbe air has free access, or closed in such a way that the air 
could be renewed, and tbat, at each renewing, it must pa~s tbrough 
strong sulphuric acid in order to be, deprived of the nitrogen
compounds. These flasks had been half filled with 

100 Tap- or distilled water 
0.02 K2 H P04 

and infected with a not too slight quantity of garden-soil, e. g. 1 to 
2 grs. per liter 2). 

They we re placed in winter at a window on the sou tb, in spring 
and in summer on the nOl'tlJ-west, and in the beginning they were 
now and then shaken, in order to sink the Roating film of calcium
phosphate, which forms at the surface. 

tAs the rate of nitrogen and carbon compounds is too s1ight 
to cause any appreciable development of colourless microbes, no 
further cloudiness results, but that of the easily precipitating 
phosphate. But in winter aftel' six to eight, in summer af ter four 
to five weeks, a charactel'istic flora develops consisting of same species 

1) 'l'hese Proceedings of Mnrch 30, 190 L. 

~) The Delft tap-water contnins ut present 0.42 mG. nitrogen per L., the garden
soil used 0.56 pOt. nitrogen (unnlyses of Mr. A. v. DELDEN); but this nitrogen clln 
only for /I minimal portion (ns mnmonin Ilnd nitrnte-nitrogen) be assimil/lted by microbes. 
'l'he oligonitrophili themselves possess the specilic fuculty of feeding on the nitrogen 
from the atmosphere. 


