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Physics. - "On umm,-czng in (l binary s.lpdem fol' tv1lh," tlu! tltree
plwse lJl'es.mre is .Ilreat/JI' llwrt tlw .<;UW of tlw va pOlO' tl'lIsi01/.-r 

of the two component,~." By DI" F. E. C. SCm~FJo'ER. (Col11mu
nicated by Prof. J. D. VAN Dl<~R WAAI.S). 

(Communicated in tbe meeting of Sept. 26, 1914). 

1. In m)' investigation on the systcm hexane-water the remal'kable 
phenomenon pl'esented itselfthat the thl'ce-phase tension of tbc two 
liqnid layel's hy the side of gas appeared to he gr~atel' tItan the 
sum of the VapOlll' tensiolls of pure hexane and pure waler 1). 'Vhen 
the tensions of the pure substanees at a definite tempemtul'e are 
dellOted by PI and P2' the three-phase pressure by P, then for 
temperatllres whieh are not too tiu from the critical end-point 

P>Pl + p.-

lf we could speak of "partial pl'essures" for snel! an equilibrium, 
this I'esult would be impossible. A proof of this is found in VAK mm 

'VAALS--KoHNSTAMM'S "Thermod,)'namik", ,,,hieb howevel' is onl,)' 
valid when the gas-Iaws ') hold 1'01' the saturatc ,'apours. When the 
gas-Iaws do not hold fol' the gas phases, in othel' words if the gases 
possess stll'faee layers, the proof is not valid, and the statement th at 
the thl'ee-phase pl'eSSlll'e must always be smaller than the Slim of 
the Y:1ponr tensions of the components, holds thel'efore onl)' for 
mrefied satul'ate vapotll·s. 

lu my paper on the system hexane-waler I have shown tbat the 
eontradiction with the second law of thermodynamics, which atiirst 
sight ma,)' be supposed 10 exist in the observed phenomenon, is only 
an apparent one. We might, namely, be inclined to l'eason as 
follows: If the three~phase mixture possesses sueh a high pressnre, 
the pressure exerted by tbe ,,,atel' and hexane molecules, or at. least 
that of one of them wil! have to be greater than the pressure of 
water' vi'lpour, resp. hexane vapol1r over the pUl'e components. If we 
therefore hring the three-phase mixiure by means of a semi-permeahle 
memhl'ane into contact with pure hexaneand with pUI'e water 
under theit' own vapour pressure, hexane or water wil! pass thl'ough 
the semi~permeable membl'anes from the thr'ee-phase mixture lowar'ds 
the pure liquid. We should then get splitting up 6f Ihe three~phase 
mixture, whereas just on the contrary the so high three-phase pl'essure 
sets in of its own'accord from pure water and pure hexane. This 
is in conflict with tbe second law of thermodynamics. 

1) These Proc, 16. 404. (1913). 
2) Thermodynamik. Il. S. 476. 
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I ha,'e shown in the cited paper that the conclusion that the 
three-phase mixture will expel watel' thl'ough a membrane permeable 
to water, is really correct, and tbat pl'obably mutatis mutandis the 
opposite thing will apply to hexane. The error in the above l'easoning 
lies therefore onl,}' in the vel'y last eonelusion. I have pointed out 
loc. cito that it is, indeed, possible that two liqllids, each llndel' itR 
own vapoul' pressure, mix to a tbree-phase mixture that possesses 
the pl'operty to get llnmixed again into tbe pnl'e components through 
semi-permeable membranes ; that this is not in cOl1tl'adiction with 
the second law of thel'UlodYl1amics, but tha,t on tbe contral'y tbis 
phenomenon will he frequently met with in my opinion. a180 fol' 
systems whieh do not present the special behaviolll' mentioned at the 
head of this papel'. Thus solutions of gases \vhich are but sparingly 
soluble in water will certainlJ expel witter, when they are osmotic
ally brollght in eontaet with pnl'e water of tlle satUl'ate tension. The 
obsel'ved phenomenon is therefore not in conflict with our theol'etical 
considerations. 

2. To get an answer to the question whether the systern hexane
water presents an exceptional behavioul' in t.he appearance of a 
thl'ee-phase pl'essure whieh is gTeatel' than the snm of the vapoUl' 
tensions of the cOllJponents, I have investigated ,1 nmnber of othel' 
systems i.n the hope of tindiug the remarkable phenomenon thel'e too. 
Fil'st of all I have chosen the system pentane-water. The pentane 
which I bad at my disposal, was however KAHLBAUM'S "normal 
pentane", which is no pure nOl'rnal pcntane, but a mixture of nOl'mal 
and isopentane, which can only be separated with gl'eat loss of 
subitanee aud time~ as tlle boiling-points of the two substances lie 
near room-temperatllre, and differ only little (slightly more than 
8 degrees). This slight difference of boiling-point invo]ves that the 
pentane mixture behaves pl'etty weil as a pure simp Ie substance ; 
the isothermal pressure ranges fOl' condensation are 81ight. 1 have 
thel'efOle giveu up the sepamtion of the two pentanes, and compared 
the vapour tensions of the pentane mixture and of pure watel' with 
the thl'ee-phase tension of a pentane-water mixture. 1t is elear that 
both the pentane mixture and the thl'ee-phase mixture must possess 
atension dependent on the \'olumeat constant temperature, but 
also the three-phase ten sion appeared to be only little dependent on 
the volume, To exeeute this eomparison of the pressures as exaetly 
as possible 1 have determined the pl'eSSUl'es for final condensation 
and fol' about eqllal volumes of gas and liquids both of thepentane 
mixture aild of the three-phase mixture . 
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TABLE 1. 

Pentane mixture. 

Pressure (alm.) 
Tem-

Perature. i : End- ; V V 

151.3 

151.9 

161.1 

161.45 

169.95 

170.1 

180.1 

180.3 

190.25 

190.3 

193.3 

[condensationl 
\ I 

11.65 

20.8 

23.1 

21.8 

32.15 

L = G 

11.8 

20.6 

23.7 

21.6 

32.05 

33.6 

8.36 

TABLE Il. 

Threephase mixture. ~ 

Tem
perature. 

150.15 

150.7 

160.6 

160.7 

166.5 

110.25 

110.35 

180.3 

180.5 

187.1 

Pressure (atm.) 

; End- 'V V 
'condensationl L = G 
! I 

22.45 

21.35 

32.55 

39.25 

22.7 

21.25 

30.3 

32.65 

39.0 

44.1 

When the vaiues of pressure and tempeI'ature indicated in the 
above tables are gmphically represented, it appears that the line 
for the end-condensation coincides faidy weil with that which holds 
for equal liquid and vapoul' volume both for tbe pentane mixture 
and fol' the three-phase mixture; the difference is nearly everywhere 
smaller than 0.1 atmosphere, and is therefore of about the same 
valne as the errors of observations. When the -pressnre values are 
read for definite temperatlll'es from the graphical representation, the 
values of table 3 are fonnd. 

TAB L E lIl. 
I I Three-phase I Pentane I Waterpressure I I Temperature Difference 

I pressure I pressure 

I 
I I 

I I I 150 22.4 I 17.3 4.1 0.4 

160 27.0 I 20.3 6.05 0.65 

170 32.4 

I 
23.1 7.8 0.9 

180 38.8 21.6 9.8 1.4 

187 .1 44.1 J 30.1- 11.6 1.8 
I 

... 

... 



- 5 -

1 
L 
I 

I 

i 

I ... 
t , 

t 
I 

837 

The values for the vapour tension of water have not been derived 
from earl ier observations, but determin.ed by myself to prevent an 
eventual deviation of the thermometer from vitiating the comparison. 
All the observations have been carried out with a normal thermo· 
meter, and with an Anschützthermometer verified by the boiling 
point of pure aniline. 

We draw the conclusion from the last column of table 3 that 
the tlu'ee-phase ten sion is again greater than the sum of the vapour 
tensions of the pelltane mixture and of pure watel'. The difference 
appears again to be greatest at the critical endpoillt -- in all the 
tnbles the critical vallles al'e pt'inted in hold type -; with decrease 
of tempemture tbe diffel'ence decreases rapidly, and according to 
the theory it must l'everse its sign at tempemtures where the satm'ate 
vapours follo, ... the gas laws. 

The above descl'ibed example shows ther-efore again a case of 
very high three·phase pressnre. Though these expel'iments would 
have to be repeated with the pure substances to get perfect certainty 
about the behaviour of the binary s,rstems, the conclnsion tlUtt the 
pentanes and hexane behave analogously with I"espeet to water, 
seems yet sufficiently eerlain to me. Also rhe relati,-e sitllation of 
the critical end point with respect to the critical points of the com
ponents is the same. as fol' the hexane-water mixtures. 

Finally I will still point out that the above only proves that Ihere 
exists a pentane·watel' mixture that possesses the l'epeatedly men
tioned remarkable propert.y, and this suffices also fot' my purpose ; 
other pl'oportions of pentane mixture and watel' will pl'obahly give 
rise tQ some change in Ihe thl'ee·phase lensions be('<lllSe the pentane 
mixtme is not a simple snbstanee; fol' the solnhilities of the two 
penlanes in water will pl'obably not be in the same pl'opol'tiol1 as 
the quantities of the pentanes in the pentane mixture; the difference 
in the fifth column can thel'efol'e lIndergo some modification for 
another ratio of the two "components". 

4 3. The expel'iments of § 2 confh'ming my supposition that the 
abnol'mal value of the three-phase pressure would be a phenomenon 
of fr'equent occurl'enee, I thollght I had a gl'eat chance to find the 
same peculiarity also fol' other biuary systems. I have thel'efore 
iooked for binal'y systems of whieh it was known that fol' 10w 
temperatures the thl'eephase pressure lies higher than the vapoul' 
tensions of the pure component.s separately and is about equal to 
tbe sum. Dr. BÜCHNER drew my attention to tbe systems carbon 

. tetrachlol'ide,waier and benzen~watel', whieh possess thl'ee-phase 



- 6 -

838 

tensiolls accOl'ding to RF~GNAU1.T, whieh deviate little from the sum 
of the vapour tensions of the pure substances. RIWNAULT even assel'ted 
that tbe tension of carbon tetrachloride-water mixtures is somewhat 
higher than the sum, and thought he had to ascrihe this to slight 
con tami nations ; G~;RNEZ has shown later that the three-phase t.ension 
is really slightly smaller than the smn of the vaponr tensions, whieh 
is thel'efore in harmolly with the theory. I have now fl'ied to Înves
tigate the two systems at highe)' pr'essure; I have, however, not 
succeeded in doing so with the system ear'bontetrachlol'ide-water, at; 
the components act on eaeh other at higher temperatures. The inves
tigation is possible fol' the system benzene-water, and also this system 
appeared really to furnish au example of the remarkable phenomenon. 

Benzene free from thiophene (negative isatine reaction) was distilled 
from phosphol'us pentoxide ; the boiling point nnder normal presslue 
was 80°.2, and was therefore in perfect eoncordanee \Vith the value 
given by YOUNG. The vapour tension line of this benzene was detèr
rnined, and then the thl'ee-phasc tensions of a benzene-watel' mixture 
were measured and eompared with the vapour pressme line of water, 
whieh was also determined by the aid of the same thermometers. 
To avoid eorl'eetions I have measured the three pl'essure vallles 

Temperature 

150.0 

160.0 

110.0 

180.0 

190.0 

200.0 

210.0 

220.0 

230.0 

240.1 

250.2 

260.1 

267.8 

268.2 

TAB L E IV. 

Th h l I' B' ree·p ase : Waterpressure I enzene Difference pressure I , pressure 
I ,'========== 

10.6 

13.2 

16.4 

20.1 

24.6 

29.8 

35.9 

42.9 

50.9 

60.35 

70.65 

82.15 

92.7 

4.7 

6.05 

7.8 

9.8 

12.35 

15.3 

18.75 

22.8 

27.5 

33.0 

39.1 

46.1 

I calc.(52.4) 

I 52.6 

5.9 

'1.1 

8.5 

10.2 

12.15 

14.3 

16.7 

19.45 

22.5 

25.95 

29.55 

33.7 

calc.(37.35) 

37.5 

o 
0.05 

O. 

0.1 

0.1 

0.2 

0045 

• 0.65 

0.9 

IA 

2.0 

2.35 

2.95 

• 
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alwJl.ys at the same temperatures; if a slight error should occur in 
the absolute value of the given temperatures, this has no intluence 
on the pressllre differences. The thermometers which I used in this 
investigation, have been tested by a l'esistance thermometer, the 
resistance of which was determined for boiling water, naphthaline, 
benzophenon, and sulphur. Thc obtained resnlts are given in table 4, 
the pressures are gi ven in atmospheres. 

lt appp-ars from the last column of tabIe 4 that the difference at 
1500 to 2000 is only slightiy gl'eater than the errors of observation, 
that the three-phase ten sion becomes appl'eciably greater than the 
sum of the Yapour tensions at 210", and that this difference rapidly 
increases witl! ascending temperature. 

4. \Vhen we combine the resl1lts of the system hexane-water 
and those of ~ 2 and 3, it appears thaI in the thl'ee systems the 
three-phase ten sion is always greater than the slim of the vapour 
tensions of the components in the neighbourhood of the critical 
endpoint. lVloreover these three systems present the same shape of 
the plaitpointline inlhe T-.v·projection; the upper critical end point 
always lies lovvel' than the critical points of the two components; 
fhe plaitpoint line presents therefore a minimum temperature in tbe 
T-:r-pl'ojectioJl (homogeneolls double plaitpoint). Though in my opinion 
it is probable t-hat the sJstems will behave perfectly analogollsly, a 
fl1rthel' investigation would have to deeide whether for all this 
homogeneous double plaitpoint lieE' in the metastable l'egion; I have 
shown this fol' the syetem hexane-water in my cited papet.. It is 
remarkable that in the system ether-water the homogeneous double 
plaitpoint appears in fhe immediate neighboUl'hood of the ether axis 
or wOllld perhaps lie outside the fignre, so that the critical endpoint 
in contrast with the ahove discussed systems lies between the critical 
points of the components. In this system the said pecnliarit,v does 
not OCCUf'. Accol'dingiy I think 1 have to concJude that the sJstems 
which present critical endpoints which lie lower than the critical 
temperatures of the two components possess three-phase pressUl'es 
which are higher at high temperatm'es tItan the sum of the vapoUl' 
ten8ion8 of the pure substance8, whereas the opposite is the case for 
systems for which the critical end point lies bet ween the critical 
temperatures of the components. Perhaps this conclusion may contribule 
to aeeOl1nt t'or this remarkable phenomenon. 

Jtme 25,1914. 
An01'g. Cttent. Laborat01'y of t!te 

. University of Amsterdam" 
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