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coexisting liquid wiII diminish to a still greater degree, so that In (~~) 
I 

wiII become smaller negative or greater positiye. It is evident that 
the two eljuahons, if they are rOl'l'ect, must gi\Te the same l'esult, 
as is really the case here. 

Henre we have come fo the rOIlclusion in this way that a metal 
with the most simple cOIlstitution can exhitnt the phenomenon of 
anodic polal'isation, resp. passivity as weil and in virtue of the same 
cil'rumstanre as a more complicated metal. The said phenomena will 
present th~mselves for ever)' met al when the removal of metaI ions -
and electrons from the metal takes place mOl'e rapidly than iheir 
formation in the metall ). It is dear that a passivity brought about 
by chemical action, might be explained in exactly the same way 
when we considel' th at iOllS and electrons react chemically more 
quickly than nncharged atoms. We have not mentioned cathodic 
poladsation here, but it is cleal' that this phenomenon is to be expected 
here roo, and can then be explained according to the same principle. 
In a following communication the cases will be treated l'epresented 
~b.v the equations (2) and (3). 

The views given here are new, as far as we have been' able to 
ascertain. In our subsequent study of the literature we have only 
in one place come across statements which suggest that tlJe wl'Îter 
had views tending in the same dirertion in which the pt'oblem is treated 
here, bnt the thoughts were not elabol'ated. We allude here to a 
paper by HABEH and ZAWADSKY~); this paper ends with an "Anhang", 
and in this the statements above referred to are found. 

('1'0 he continueel). 
An01YJanic CTwmical Lahomt01'y of 

Amsterdam, Februal'Y 24, 1916. the University. 

Chemistry. - "On t!te ollotJ'opy of tTze ammonium Italides". II 3). 
By Dr. F. E. C. SCHEI!'FEH. (Communicated by Prof. A. F. 
HouEMAN). 

(Communicated in the meeting of Feb. 26, 1916). 

10. The tmnsf01'mation heat of ammonium c1dol'ide at the tran­
sition point. 

I have detel'mined the difference of energy of the two modifi('a-

1) From this must ensue that thc superficial electric conducLivJty of a metal 
must be smaller in the passive state than in the active staLe. 

2) Zeitschr. f. physik. Chem. 78, 2:28 (1 HU). 
3) First commuoication. These Proc. ~ VIU p. 446. 
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tions of the ammoniumchloride by a series of calorimetric expel'i­
ments, in which Mr. G. MI!:YER assisted me; I gladly express my 
indebtednesi3 to him here. 

A numbel' of glass tubes was -tilled with ammoniumchloride and 
fused to; the qllantity of glass and ammoniumchloride was deter­
mined by weighing. The tubes were successi\-ely heated to 156° 
(boiling point of bromo ben7.ene), 177° (ol'tho-c1ichloro benzene), 194° 
(dimethyl aniline), and 212° (nitl'obenzene), and quickly conveyed to 
the calol·imeter. The two first-mentioned temperatures lie belo"", the 
two others aboye the transition point. When we com'eyed it to the 
r,alorimeter the glass broke sufficiently tlp'ough the Budden cooling 
to bring about a "ery rapid dissolving of the ammoniumchloride. 
Rence in these experiments the heat of solution was always inrluded 
jn the measurement, and in order to avoid corrections for the beat 
of dilution we have always chosen the quantity of water in the 
ealol'Ïmetel' so that the obtained solution contained one gramme 
molecule of NH4CI to 320 gmmme molecules of water. In consequence 
of the rapid solution the temperature had generally established itself 
already aftel' l or 2 minutes, and the time, over which cOl'l'ections 
ha,'e to be applied for radiation, was, thel'efore, only smal!, which 
enhances tbe accuracy of 1he determinations. Tbe specific heat of 
the glass was determined b.y separate experiments by heating up to 
156°, resp. 212°, and on tbe assumption that the true specific heat 
cbanges lineady with tbe temperatl1l'e between 156° and 212°, the 
mean specific heat between room temperatul'e and a temp61'atUl'e 
lying between the two said tempel'atUl'es could then be found by 
linear interpolation. In every experiment with the tubes of ammo­
niumchloride the heat which the glass alone yielded, was therefore 
lmown; if we subtract this heat from the fOtll1d amount, we keep, 
in the experiments of 156° and 177°, the heat which a-NH4Cl yields 
wben it is cooled down from the said temperatures to that which 
t he calorimeter pORsesses aftel' tbe experiment, and tben dissolved 

- isothermically. From these values the mean specific heat of ammo­
niumcblorid,e between 156° and 177° can, tberefore, be calcnlated, 
and by extrapolation to the transition point (1R4°.5) it is also to be 
found wh at heat a-NH4CI would yield when it was cooled down 
from tbe transition point. 

The experiments in whicb heating above the transition point took 
place, yield, aftel' cOl'rection fol' the heat of the glass, the heat which 
i~-ammonium chloride gives oft' when it is cooled down to the transition 
point, transfol'ms isotbermicalIJ' to the a-form, and this then faIls 
to the calorimeter temperature and goes into solution isothermicaIly" 
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Ft'om these experiments the mean specific heat of the ~-form can 
therefol'e be calculated, and besides extrapolation to the transition 
point yields the heat which is liberated when ammoniumchloride is 
tl'ansfol'med at the transition tempm'ature and thén cooled. The diffel'­
ence between the two values found by extrapolation yields the 
l'equired heat of transfol'mation at the tl'ansition point. 

TABLE 5. 

Tempera-I Tempe-
I Heat of Heat Weight Heat 

N°. ture boH- ratur.e Heat per gramme 
ingjacket calorl- the glass NH4Cl NH4C1 - NH4C1 meter 

1 157.7 13.5 127.7 187.8 - 60.1 3.600 -16.69 

2 158.25 13 55 115.0 171. 7 - 56.7 3.487 -16.26 

3 158.9 14.5 116.7 174.3 - 57.6 3.603 -15.99 

4 159.25 15.75 115.9 171.0 - 55.1 3.456 -15.94 

5 157 95 16.7 105.6 169.2 - 63.6 3.879 -16.40 

6 158.7 16.0 111.3 166.6 - 55.3 3.556 -15.55 

7 178.35 17.6 170.4 194.7 - 24.3 3.771 - 6.44 

8 179.1 15.45 187.3 206.9 - 19.6 3.186 - 6.15 

9 179.25 15.35 203.8 227.5 - 23.7 3.471 - 6.83 

10 179.55 15.5 191.0 212.8 - 21.8 3.620 - 6.02 

11 195.2 16.1 321.8 250.5 + 71.3 3.742 +19.05 

12 195.5 15.7 327.6 256.6 + 71.0 3.714 +19.12 

13 195.5 15.75 297.9 231. 7 + 66.2 3.424 +t9.33 

14 211.45 16.35 382.5 280.0 +102.5 4.080 +25.12 

15 211.55 15.95 348.8 259.8 + 89.0 3.742 +23.78 

16 211.7 16.3 359.3 260.2 + 99.1 3.931 +25.21 

The tables 5 and 6 yield the l'esults obtained; in table 6 the 
mean yalues have been recorded of the experiments, which have 
been carried out nnder nearly comparable circumstances. For the 
extrapolation to tbe transition point also the tempel.'atul'e of the 
calorimeter bas been extrapolated. 

It is cleal' that a eorrection ean be avoided in this way whieh is 
difficult to determine expel'imentally. If namely in two experiments 
the tempel'ature of heating is the same, but the temperature, of the 
calorimeter diffel'ent l Q., correction is to be applie~ fol' th is difference 
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T ABLE 6. 

I Tempera-/ Tempe- Heàt 
Extrapolation to the 

transition point 
NO. ture boiling ratur~ perGramme column 

jacket calon- NH4C1 I meter 2 3 4 

1, 2, 3 158.3 13.85 -16.31 l 184.5 16.55 - 3.75 
7, 8, 9, 10 179.05 16.0 - 6.36 , 

4,5,6 158.6 16.15 -15.96 ! 184 5 15.95 - 3.80 
7, 8, 9, 10 179.05 16.0 - 6.36 

11, 12, 13 195.4 15.85 +19.17 l 184.5 15.6 +15.45 
14, 15, 16 211.6 16.2 +24.70 

1-10 I 184.5 15.6 - 3.83 -

of temperature, multiplied by the difference in specific heat of the 
soIution and of pure water. This is clear as follows: Let us eall 
tlie temperature at which the tube is heated Tl> the temperature 
of the calorimetel' aftel' the experiment Tc and Tc', then the libem­
ted heat in the two cases (aftel' correction of the heat of the glass) iE> : 

1'1 T, 

JYdT - Qc resp. f Ydl1 
- Qc', in whirh Q denotes the heat ofsollltion. 

Tc Tc' • 
Tc' 

The difference, therefore, amounts to fYdT + Qc' - etc. 
Tc 

Hearing in mind that: 

Qc'- Qc = (Tc -- 'l'e') (y + "lH2 0 - Yopi.) , 

it is clear that in this rorrection the specific heat of the am monium 
chloride disappears, and the difference in specific heat between the 
solution which contains 1 Gramme of NH 4CI, and tlJe water of ihis 
solution remains. This difference could not be determined except as 
the difference bet ween two murh largel' values; it appears, however, 
from table 6 that this difference has hardly any inflnence on the 
transition heat. ln the experiments' 1, 2, and 3 the calorimeter 
temperature is on an average 13.850

, in 4, 5, and 6 however 16.150 
; 

in the transition heat this difference yields only a value of 0.05 
gramme calorie per gramme of ammonium chloride as appears from 
the last column of table 6. If therefore, the calorimeter had been 
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15.6° just as in the experiments ·11-16 the heat would have been 
-- 3.83 gramme calorie per, gr~mme of ammonium chloride. 

The heat of tranbition pel' gramme of NH401 amounts therefore 
to 15.45 + 3.83 = 19.28 gramme calories or 1:'03 1cilog1'am calo1'ie 
per gmTnme molerule. 

In table 5 the differences in the last column are partly to be 
attributed to, the said diiference in specific heat between water and 
soIution. It can be del'ived fl'om the data of the literature that this 
diffel'ence for our solutions arnounts to about 0.2 calorie pel' Gramme 
of NH40l. The values of the last column of table 5 are nol dil'ectly 
compal'able eithel' on account uf tile difference in . tem pel'atul'e of 
heating. Through tbe mode of calculation followed these cOl'l'ections 
have heen eliminated, as has been said. 

In table 7 t11e mean specific heats for the (t- and' ~-modifications 
in the neighboUl'hood of the transition point have been recorded. 

TABLE 7. 
--

Limits of the Heat per Temperat. Heat Mean 
NO. Gramme specific temperature NH4Cl difference difference heat 

4,,5,.6 16.15-158.6 -15.96 ! 20.45 9.60 0.469 
7, 8, 9, 10 16.0 -179.05 - 6.36 

11, 12, 13 15.85-195.4 +19.17 

t 
16.2 5.53 0.341 

14, 15, 16 16.2 -211.6 +24.70 
I , 

In these calculations the above correction fol' the difference in 
specitic heat between solution and water has been put zero; this 
will give rise to a sm all errOr here, because the diffeJ'ence in calori­
meter temperatUl'e is only small in the experimen ts of table 7. This 
table yields the conclusion that in the neighboul'hood of the transi­
tion point the specific heat of the IJ-modification is smaller than that 
of the a-form. The difference of energy between the two modifica­
tions, wQich amounts to 1,03 kilogram calOl'ies at the transition 
point, wilJ thel'efore become smaller at higher temperature. 

11. The vapou1' tension 0/ (b'y ammwniU1n chlO1,ide. 
The determinations of tbe· transition point (§§ 5 and 6) and of 

the heat of' transformation (~ 10) in connection with Prof. SMITR'S 

recent researches on- the "apou!' pressure line of ammonium chloride 
and on the degree of dissociation of the saturate vapour 1) open a 

1) SMITH. Journ. Amer. Chem.-.Soc .. 36, 1363. (1914); 3'1. 38 (1!H5). 
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possibility to a discussion of the remal'kable results of JORNSON (§ 2). 
In his cited paper Prof. WEGSeREIDER stated that he considered 

polymorphy as the most probab!e explanation for the evaporation 
phenomena. He expresses himself as follows: 

"Es kann z. B. zwischen Zimmertemperatur und der Temperat UI' 

der Verdampfungsversuche ein Dmwandlungspunkt liegen. Die bei 
Zimmertempel'atur stabile Form könnte liber 3000 unbeständig sein, 
abel' bei Abwesenheit von Feuchtigkeit erhaIten bleiben. Wasser­
dampf wäre dann ein Katalysator, der nicht bloss die Dissociation 
der gasfórmigen NH 4CJ-Moleklile, sondern auch die polymorphe Dm­
wandlung del' über 3000 unbestandigen Form des fes ten Salmiaks 
sehr stark beschleunigt. Hieraus ergibt sich dann die Ersrheinung, 
dass die unbeständige feste Form undissociierten Dampf gibt und . 
die hestàndige Form dissociierfen Dampf." 1) 

It has appeared from the experiments of § 5 and 6, that there 
really lies a transition point at 184.50 between room temperatnre 
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Fig. 3. 

\ 

and the temperatUl'es of JORNSON'S experimenls. WEGSCHEIDER'S ex­
planation comes to this. In tig. 3 AB and CD represent tbe vaponr 
tension lines of the ~- and a-modifications of ammonium chloride 
in ordinary (somewha.t humid) state; these lines interseet in the 
transition p~int O. The vapours are partly dissociated in NH3 and 
HCI. If for both lines we draw the partial pressUl'es of unsplit 

1) WEG SCHEIDER. Zeitschr. f. physik. Chem. 65. 102. (HlOS). 
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NH401 in the vapour, we get two Iines A' B' and C' D', which 
would hold resp .. tor, the evaporation without dissociation of ~- and _ 
a-NH 40I. These lines intersect again at the tl'ansition temperature 
If with WEGSCHEIDEH we, thel'efore, assume tlfat the a-form stable 
at the ordinat'y tempel'ature could continue to exist above the 
tl'ansition point, we should find the' line 0 D, if the homogeneous 
dissociation continned to exist; if, however, the dissociation in the 
vapoul' phase does not set in. the realizable states !je on 0' D'. 
Accordingly the vapour tension values of JOHNSON'S experiments lie 
on 0' D', the vapour pl'essure detel'minations of ordinal'y (somewhat 
humid) NH4CI on OB. It is clear that the equality of the presslll'es 
in humid and in dry state o\'e1' an appreciable range of tempera­
ture becomes a coincidence, and that strictly speaking equality of 
pres5ure could only OCCUl' in a point of intersection of OB'and 0' D'. 

300 toy. p 

.80 

" 
2.60 

2.20 

200 

180 

+ 
A 

160 ~---:"::----:"~---:";;::-----:-:-::---~:;-----:T.:----:7.:;---
195 190 185 180 1.;5 1.,0 1.65 1.60 

Fig. 4, 

If we should wish to accept th is explanation, we shaH have to conclude 
from the ,results that the differences in vapour pressUl'e over the 
examined temperature range are only smal! and lie within the 
errors of observation. It is, therefore, now the question whether 
the in vestigatiolls mcntioned allow of such .an explanation. 
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In fig. 4: I have indicated the experimental results by drawÎllg 
the logarithm of the vapour pressl1l'e as ordinate, We reciprocal 
value of tbe absolute tempm'ature as aoscissa. This way of 'repre­
sel1tation has the advantage that the vapour pressure lines thus 
obtained are almost straight, and interpolations and extrapolations 
are more easily and more accurately executed graphically tban with 
curves as in fIg. 3. That the lines become almost straight with the 
indicated mode of representatioll, follows from: 

d log P = _ T2d log Pand dlog P =.~ 
d llT dl' dl' Rl'2' 

which lattel' equation holds fOl' substances which evaporate without 

dissociation. Hence the slope of, the lines amounts to -~, and is 

tllerefol'e constant, wh en the Ileat of evaporation does not ('hange 
with tlle temperatul'e, which is often true in a first approximation 1). 
If, namely, the change of Q with the temperature or in othel' 
,vords the diffet'ence in specific heat between solid and gas is not 
too great, the influence of the temperature is generally small in 
pl'opol'tionl to the great heat of evaporation. This even appears to be the 
case in the observations of somewhat humid NH 40I, which have been 
cal'ried out by SMITH, and which are indicated by asterisks in fig'. 4, 
though here a degl'ee of dissociation varying with the temperature 

. d log P Q. d log P Q 
G,hanges the simple equat.IOn ----a:r- Rl'2 mto dl' - (1+a)Rl'2' 

and the change of a with the temperature wiII therefore also cause 
a deviat~on from a straight line in fig. 4. The vapour. tensions of 
somewhat humid NH401 have also been measured by JOHNSON and 
are indicated by trial1gles in fig. 4. These two series of observations 
con'espond therefore with tile line OB of fig. 3. There appears to 
be a discrepancy between the observations of S~IITH and JOHNSON, 

which for the greater part will no doubt have to be ascribed to 
inaccuracies in the temperature measurement.. Besides the results of 
the remarlmble experiment with dry ammonium chloride have been 
indicat.ed by squares in fig, 4; they belong, therefore, to the line 
0' D' of fig. 3, 

When we compare figures 3 and J:, the given explanation seems 
already littIe probable; fig. 4, namely, Soonel' makes the impression 
that the observations of dry NH401 coincide with those of humid 
NH 4Cl than that intersection of the vapour pressUl'e lines wOllld take 

1) The common logarithm has been used in the figm'es and taiJles; lhe modulus' 
has thel'efore been taken into account. (R = 4.571). 

'1 
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l'lace. So the question l'emains whethet' two lines OB and 0' D' can 
be dl'awn 80 that they show a point of tl'ansition at 184,5°, that 
the heat of C'onversion of § 10 corresponds with the angle between 
the lines, and th at tlle ouserved points depart from these lines within 
the errors of observatIon. As when we use the mode of represen-

tation of figs. 4 and 5 tlle slope of the lines is indicated by - Q, 
R 

it is cleal' that tlle ang]e between the lines 0' B' and 0' D' of fig. 3, 
tl'ansferl'ed to figs. ,4 and 5, wil! be a dIrect measure for the differ­
ence in heat of evaporation . and will, therefore, have to amou 11 t t 0 

1 03 
- -'-, the difference in heat of evaporation at the transition tem­

R 
perature beiug equal to the heat of tl'ansformation of 1,03 kilogram 
calories determined in § 10. 

TABLE 8. 

t P C( log p 103.!. 
T 

280 135.0 0.668 1.429 1.808 

290 185.3 0.660 1.579 1.776 

300 252.5 0.652 1.726 1.745 

310 341.3 0.644 1.869 1 715 

320 458.1 0.636 2.008 1.686 - , 
330 610.6 0.628 2.145 1.658 

In table 8 the two first columns give the corresponding tempera­
tures and pressures according to SMITH; they cOl'l'espond therefore 
with the line OB of fig. 3 and with the asterisks of fig. 4. In the 
third column tlle degrees of decomposition are recorded of the satm'ate 
vaponr, which SMI'rH has calculated fi'om hiB obsermtions as the 
most probable. The fOut'th column gives the value of log p, in which 
p repl'esents the pal'tial pressure of the unsplit part in tlle vapoul'. 
It is cleal' that the relation 

holds between pand p, 

I-u 
p=--p 

l+a 

These values of prefer, thel'efore, to the line 0' B' of fig 3. 
The la,st column gives the value fol' T-l. In fig. 5 the calculated 

valnes of colnmns 4 anel 5 of rable 8 are gl'aphically l'epresented 

- ) 
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Fig. 5. 

It appears that tl1l'0ugh the points founo thus a straight line can be 
drawn of the eqnation: 

4770 
log P = -: -y- + 10.055. 

If ihlS line is extrapolated to the transition point (t = 184.5 ; 
1003 1'-1 = 2.186) we find log p = -0.371. This valne is also given 
in fig. 5. If the explanation given is correct, this point must be the 
poinl of mter5ection of the lines 0' B' alld 0' D' fig. 3. Hence in 
fig. 5 ihe line 0'))' mnst therefol'e be <1rawn lhrough tillS latter 
point, allel the points which are found fol' el'aporating dry ammonium 
ehlol'ic1e, and whieh are again indieated by squares in fig. 5. It 
appeal's fl'Om fig. 5 rh at this is impossible. If we draw straight lines 
thl'ûugh the point of transition and the three obserl'atioIlS, the elevia­
tions of the two olher observatiolls become very large, as appeal's 

97 
Proceedings Royal Acad. Amslerdam. Vol XVIll 
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I P (observed) I 
, 

t 

184.5 0.426 

256 57 57 

284 156 274' 

332 540 2880 

i608 

TABLE 

P (calculated) 

0.426 

37 

156 

1340 

9. 

0.426 

22 

80 

540 

o 
+ 118 

+2340 

Error 

- 20 -35 

o -76 

+800 0 

from table 9, in whieh the three obsel'\7ations with dry NH 4Cl have 
been given. But at the same time the heat of conversion is rnueh 
too' great. Then the angle between 111e lines thus traced and the 
line through the partial pressure (fig. 5) corresponds wItb 11.1, 8.2, 
and 4.8 kilogram calol'ies, thOllgh it must ue 1.03 kilogram calories. 
The line that correbponds with the last heat has been indieated 
dotted at the transition point in fig. 5. These calculations and 
fig. 5 wiIl in m)' oplllion make it sufficiently clear that the expla­
nation which Prof. WEGSClUilDI<iH eonsidered the most pl'obable, is 
untenable; the only objection that can be made against the executed 
caleulations is th at experimental errors in the quantities _used, and 
also the wa)' of extl'apolating may perhaps appreciably change the 
result. To obviate this objection I wiJl add the following eonside­
rations. 

12. Possible eJ'1'01'8 in tlze calculations of § 11-
To deteet all possible I':OUl'ces of error in the calclllations we 

shonId lmow in the first place the accUl'acy of the data used. The 
determinations of the vapol11' presslll'e carried out by Prof. SMITH, are 
withont doubt very accurate; the observations Ii€' very well on a 
curve with a J'eglllar COUl'se, as is also clear from figure 4. The 
errors in these observations (tabIe R, column 2) can have only Iittle 
influence. l\1uch more weight is to be attached to the el'l'OrS of 
observation in the rate of dissociation (tabIe 8, columm ~). To 
examine the intluence of tbis the values found for log!( have been 
drawn as function of T-l in fig. 6, and besides tbe curve bas been 
given which SMITH cOl1bidel's the most pJ'obable. That tbe obsel'ved 
points deviate comparatively Innch frOIll the curve, is easy to under­
stand, when we consider that' the expel'imental errors in a appeal' 
gl'eatly enlarged in 1(. This is cl~ar, as: 

----------

a2 p 
](=--­

] _l/2 Rl' 
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a8 

0., 
a6 

Q5 

0.4 

0.3 

+ 
a2~------~------~~------~-------6~--1.85 1.80 1. i5 1. ,0 1. 5 

Fig, 6, 

allll :;ts thel'efol'e the change in nUIDel'atol' and denoniinator ('aused 
by a,n error in lt, changes the value of f( in the same direction, 

SI\U'I'H'S line has cel'tainly been c1l'awn souwwlHlJ arbitrarily throllgh 
the observed points, In order to examine the influence of a chang'e 
in this line on the calClllations of § -L J I have indicated a second 
1ine in tig. 6 doUed, whieh has a steepel' slope than that of SMITH. 

97=1. 
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1t is clear that a steepel' course is favourable to the explanation 
given in § 11. If namely J( decreases more quickly with the tem­
peratnre, the rate of dissociation will become smaller at the tran-

'sition point, and A' appl'oaehes more 10 0; th is favoul's the coin­
ciding of 011 and O' D', (see fig. 3). The eqnation of the line 
dotted in fig. 6 is: 

3770 
lO(l K= - -- + 4.274. . l' 

If from this we calculale the mInes fol' lo.g J( at !he lempel'atl1res 
of table 8, and from tbis the ratio of dissociation we find tp.e val nes 
recorded in table 10. 

T ABLE 10. 

P " J log P 103~ 
T 

280 135.0 0.652 1.454 1.808 

290 185.3 0.647 1.599 1.776 

300 252.5 0.641 1.7212 1.745 
~ 

310 341.3 0.638 1.878 1. 715 

320 458.1 0.632 2.014 1.686 

330 610.6 0.627 2.146 1.658 

4610 
The cUJ've log p = - T + 9.790, whieh satisfactodly represents 

the observations of the columns 4 and 5 of table 10, yields lot! p 
= - 0.287 for t = 184.5°. This "alue is given in fig. 5. It is seen 
thb.t the modification is much 100 small to make a satisfactory 
solution of this question possible. 

A line of still greater slope in fig. 6 mUflt be considel'ed impro· 
bable in my opinion. It is t1'ue that the obsel'vation at the 10wesL 
temperature lies appreciably lower than the lines drawn, but then 
this is Ihe least accurate, and must cerLainly be omitted when the 
most p.robable line is dl'awn. Besides the angle at the point of 
transit ion would become mnch too large, if we wished to take ihis 

() observation into account. I have al ready dernonstl'ated before that 
1 

the line which repreRents log J( as function of l' can pl'esent IlO pel'-

ceptible departure from a stl'aight line-I shall come back to Ihis 
in a following papel'--at1d besides Ihe eun'alurc if it were percep-
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tible, would render the deviation of the lowest point still greater 
instead of smaller, beeause the specific heat of the products of 
dissociation NHa and HOI will certainly be greater lhan that of 
unsplit molecules of ammonium chloride; hence the heat of disso­
ciation will inrrease at higher temperature; therefore the curve in 
fig. 4 will tUl'l1 its convex side to tbe T-l-axis. The points for log p 
in fig. 5 can therefore undergo but little modifiration. 

There further remains an objection possilJle against tbe wa)' of 
extl'apolation. Decidedly the extl'apolation can cause here pretty 
great inacclll'acies, and the infl uence of this should therefore also 
be studiecl. / 

I 
In the extrapolatioll a straight line has been dmwn through the 

points of fig. 5, whereas in reality Lhe line will be curved, though 
probalJly exceedillgly little also here. Tbe straight line 

a 
log p = - '1' + b 

supposes thar the heat of evaporation (4.571 a) does not vary 
with the temperature. This is onl)' the case wh en tbe specifJc 
heats of gas and solid are equa!. The cnrvature is determined in 
tbe, representation of fig. 5 by the difference in these specific heats, 
tor: 

d lo.g P Q 
d 1jT R 

and 
d2 log P 1'2 dQ 

d (ljT)·=+Ji: d'T" 

When we bear in mind that ~~ = C"as-CbOlit/, in which C r~pre· 
sent specific heats, it is cleal' th at the curvature wiII be positive, 
if Csolid < C!las' Now the specific heai of solid ammonium chloride 
at the point of transition is 0.34 or molecularly about 18 a;ccording 
to table 7; th is value will increase with the ternperature. The 
specific heat of HOI and NH a amounts about to 15 Ol' 16 calories ; 
the specitic heat of g-aseous NH 4 Ol will be smallez', hence the CUl'­

vature, if it is pel'ceptible, wil! lowel' the poin t of transiiion in 
tig. 5 instead of ra.ising it. The point drawn therefore gives indeed 
the highest value fol' log p at the tl'ailsition point. 

Now the question remains whether we can draw a curve rhrough 
the points of' the dry ammonillm chloride (sqllares in fig. 5) with 80 

great a cUl'\'ature, that it aUains the indicated value at the transition 
point. For this the curvature wiII have to be negati,-e, hence in 

., 



- 16 -

1512 

virtlle of the above Csu11el> C gas . We ""iJl take 15 for tbis difference, 
which wil! probably be high ellollgh. The curve which corresponJs 
to this bas for equation 

a 15 
taft p = - - -- - [aa 'T + C • 

• 7 T R·1 

In or'der to l'each this purpose as weil as possible, I shal! draw 
the C'lll'Ve through the two most fa\ unrable observations (211d and 
3lel of table 9). We til en find a = 6390, c = + 34.415. From tItis 
we find fol' tile point of transition log IJ = + 0.344 (tJee fig. 5). This 
is therefore the lowest value that can be reached, all allowances being 
made. From this calculation and fig. 5 . we see clearlj the slight 
intluence of the term with the specific heats. 

Even with lhe most fa\'ourable assumplion of errors of obsel'va­
tion antl of the data that are little or not known, it appears impos­
sible to explam JOHNSON'S experlmellts by the above assllmption. I 
have ascertained by determination of Clll'ves of healing and coolmg 
that between 1800 and the temperalures of tile experiments of eva­
poration there is no second transition point to be found. 

13. If JOHNSON'S experi ments are correct, the difi'erenre in t11e1'­
modynamic potelliial of the solid NH 4Cl in humid and dry state is 
still to be explained. There is no explanation to be found iJl Ibe 
phenomena of allotropy dlscussed in ihis paper. 

Befol'e the cited investigation by Sl\fl'l'H it was pretty generally 
acrepted' that ammonium chlorIde in gas form pt'actically splIts up 
entirely into NHs alld HCl. lf thls were sa, the partial ten sion of 
the llnsplit pari could only be ver.}' slight. lf dllt'lIlg the drying the 
homogeneous dissociation did not Lake place, we silould have to 
find a vaponr tension which is verJ smal!. YeL BAlum has cm'l'ied 
out vapour density detet'minations with non-dissociated vapoul' at 
atmosphedr pressure ! 

Now it has appeared in Sl\fI'1'H'S investlgation thai the dissociation 
is fal' from perfect; the partial tensioll has therefol'e a pretty grettt 
value. From the calculations uf ~ 12 it appeal's that the value of 
the vapour tensioI1 of p-NH 4Cl on the nssumption (hat the homo­
geneoLls dissociatlOn does not take place, is indicated by: 

4610 
log p = - -- + 9 790, . J' 

and the pressure of a-NH 40I, the tl'ansition heat mentioned In ~ 10 
being taken into account, by: 

4835 
logp = - T + 10.281. 
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If from this the vapour pressure is calculated at 3600, we find 
440 mm., so far below the atmospheric pressure. 

BAKER'S vapour density deterrninations are caT'l'ied out in boiling 
merrury (360°) both according to VICTOR l\1EYEH'S method and accord­
ing to DUMAS. That th~ substance would have han such a small 
preSSlll'e in the first detel'minations is, indeed, little probaule. Pro­
fessor BAKER informed me that the DUMAs-bulb entirely filled with 
water aftel' the experiment; the absence of ai .. proves that the yttpOUl' 
pressUl'e was not smaller than Olle atmosphere. Accordingly I am 
of opinion that BAKER'S experiments cannot be explained by the 
CUt'l'ent theoretical considerations either. 

So we have here two series of experiments, those of J0HNSON and 
those of BAKER, wlüch are both still unexplained. lt is desirabIe in 
my opinio!\ that the "apour tension detet'minatLOns of dry ammonium 
chloride are carefully repéated. -H can then appeal' at the same 
time wIlether thee vapoUl' tension lines (lf dry and humld NH 4Cl 
coincide or intersect; the latter is in my opinion the more probable 
according to the theoretical views. 

Petrography. "On the post-ca1'bonifel'ous age of granites of the 
highlands of Paclang." By Dr. H. A. BROUWER. (Commu­
nicated by Prof. G. A. F. MOLbNGRAAFF). 

(Communica.ted in the meeting of March 27, 1915). 

The OCClll'l'enCe of young granites in th~ East Indian Al'chipelago 
has first been stated by MOIJENGRAAI!'F 1) as a distinct contact-meta­
morphism was observed by him at the contact of granites with rocks 
of the mesozoic, probably jurassic Danau formation. 

Of late, me&ozoic granites have been stated by W"lCHl\IANN 2) to 
OCClll' also -In the Moluccas, (Taliabu, Sula-isles). 

r 
In Sumatra, till of late all the granites have been considered as 

precal'bonic ones, but the researches of these later yeal's by SCRIVENOR, 
TOBLER and VOLZ have proved or made probable the occurrence 
of mesozoic granites in Sumatra and in the neighboUl'ing Malacca 3). 

I 
1) G. A. l!'. MOLENGRAAFF. Geologische verkenningstochLen in Centraal-Borneo 

p. 458. Leiden 1900. 
2) C. E A. WICHMANN. On some rock::; of the isLtnd of Taliabu (SuJa IsJands). 

Proceedings Royal Acad. of Sciencés. Amsterdam. Vol. XVIl (1914), p. 226. 
S) J. B. SCRIVI:NOR. The Rocks of Pulau Ubin and Pulau Nanas (Singapore). 

Quad. Journ. Geolog. Soc. 66. 1900. p. 429. A. TOBLER. Voorloopige mededeeling 
over de Geologie van de Residentie Djambi. Jaarb. Mijnw. Ned. Indië over 1910, 
p. 18-19. W. VOLZ. Oberer Jura in West-Sumatra. Centralbl. f. Min. 1\H3, 
p. 757. 
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