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tbe eeHs, whereas exclusively tbe Na CI·soJution exercises an in
fluence on tbe volume in consequence of its concentration. 

This does not seem to be in accordance with the function of 
the bladder as a reservoir for the refuse products, of which the urea 
eonstitutes an important, and for the ol'ganisation oa very injurious part. 

There must be factors then, which counteract the resorption of 
urea in the wall of the bladder. 

Physics. - "An anomaly in the course of the plaitpointcurve in 
a mixture of anomalous substances." By Prof. J. D. V.A.N 

DER WAALS. 

In the "Zeitsehrift fûr physikalische Chemie XXVJII Heft 2" 
KUENEN and ROBSON have cOlllmunicated observations on the mutual 
solubility of liquids, which give occasion for a short remark. In 
mixtures of ethane and ethyl alcohol or one of the following alcohols 
they found, that the plaitpointcurve consists of two isolated bran
ches, whieh interseet, and end on the curve which indiccltes th€' 
pressure of the three phases. In the following figure their result 
has been represented schcmetically. 
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Fig. 1. 

Let Cl be the criticcl.l point of ethane, C'}, that of alcohol, then 
C4 indicates the point, in which the plaitpoint, originating in Cl 
can be observed no longer and it seems to serve as terminating point 
of the pressure of the three phases. Tben Cs indicates the point, 
in which the plaitpoint, originating in C'}, cannot be observed any 
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longer, because it disappears there above the triangle of the three 
phases-pressure. It appellI's then as the beginning point of the three 
phases-pressure. 

Led by the thought that if tbe temperature rises a plaitpoint can 
only appeal' 011 the sUl'face 1/1, if a plait splits into two pa! ts or cun 
disappear, if two plaitpoints fall together, and that therefore a branch 
of a plaitpointcurve can never end in ally other point than in the 
critical points of the compollellts or in a point at an infinite dis
tance. I have occupied myself with the question how the two sepa
rate branches can be joined into one curve. The flimplest way of 
doing th is is by joining the two branches, as i8 indicated hy the 
dotted line in the flgUl e. 

'rhe vertical lines, between which the closed part of the curve lies, 
represent then a maximum and a minimum tempera tu re. The mini
mum temperature is thc temperature at which the transverse plait 
splits into two parts and from which a plaitpoint starts to the 
rigltt and to the left towards thc critical point of thc components. 
The greatest irregularity of the point, going towards C2, the critical 
point of alcohol, is that in Îts course it approaches a little nearer 
to the side of the small volumes. But the point, describing its way 
to Cs has gl'eater irregulal'ities. At the maximum temperature it 
meets another, which has rome from the oppo::,ite dir'ection, starting 
from UI and at their meeting its movemellt ends. The three branches 
mentiolled however, form a continuous curve on the v.r-pl.tne. 

At a given temperature, betweell the minimum and the maxi
mum temperature, the projection of the spinodal curve consists of 
two separate parts. One part forms a small closed curve round the 
point where the meeting wIIl take place; the othel' part has an 
almost regular form. 

But the two plait-points, which belong to the flrst part, are quite 
covered by the ruled surface of the connodal curve of the second 
part. Moreover the peculiarity presents itself that there is a great 
distance between the spinodal and the connodal rurve- a distance 
great enough to contain the closed branch of the spinodal curve. 
Aftel' I had cOllvinced myself that an exact description of the pheno
menon has been given in what I have said befol'e, the questiou wal! 
to be solved, how this would agree with the fact, whirh I had 
remarked bafore. I have remarked (Molekulartheorie V 2) that for 
a mixture of two substances there can only be question of a maxi
mum or of a minimumtempelature, buL that the exiatence of the 
two at once is excluded. I think that we must look for the expla
nation of this in the fa ct that in the experiments of Km:NEN and 
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ROBSON one of the components is an anomalous substance. It is 
almost generally accepted, especially because they do not follow 
the law of the correspondent states, that alcohols when in the liquid 
state possess complex molecules. At Ir = 1, i. e. fol' pure alcohol, 
the association into complex molecules is perfect or maximum. But 
when ol' is very smaIl the dissociation into simple molecules is 
naady perfect. Under these cil'curnstances the critical temperature 

is not detormined by the course of
ax 

alone. 
bx 

The critical temperature would be proportional to this quantity, 
If the molecules of alcohol also in a rarefied solution continued to be, 
what they were in the densc state when the subsfance is taken pure. 

Now in general the critical temperature of smaller moleculeó will 
be lowel' tball that of more complex molecules. Starting from pthane 
the tE'llJperature would have to rise considerably till it reached that 

of alcohol according to the course of
ax

• In consequence of the dis-
bg; 

sociation of the alcohol molecules the course will be determined hy 

f ::' where f is smaller than unity. If OJ is near unity this factor 

too will not differ much from unity. For values of OJ whieh do not 
exceed 1, an idea of the value of this factor is obtained by equating 

it to _1_. Now it is easy to see that even if "7: had no mini-
l+.r ~ 

mum or maximum, there would be numerons cases, in which the 
factor f causes sueh a maximum, and this would involve that there 
was also a minimum. 

If thE' true interpl'etation of the pbenomenon is to be found in 
tbis, a course sueh as KUENEN and RODSON have found for mixtures of 
alcohol, can never be found if the sub stances do not assoeiate But 
the reverse may not be stated. What appeared as a longitudinal plait 
in KUENEN and ROBSON'S experiments, was in reality nothing but 
a somewhat modified transverse plait. The following phrase already 
refers to such a modification: (Mol. Theorie p. 172) "Es zeigt sich 
dann abel', dass in diesem Falle die beiden FaIten auf ihre Bildungs
weise anders angesehen werden müssen u. s. w." In the figure on 
p. 173 the spinodal curve has, ho wever, not been traeed corl'ectly. 
The buIging' to the right of P should not be there. It should be 
leplaced by a small isolated closed curve, whieh has separated from 
tbe otber parts at the minimum temperature. 

It is not witbout interest to remark that the mixture of ethane 
and methylalcohol behaves so àiffel'ently. To find tbe probable cause 
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of this deviation I have construed the locud of the point fOl' which 
dp d2p . 
-- and -" = 0, as has been done In "Een benaderde loop voor de 
dv dv'" 
plooipuntslijn van een mflngsel" (Verslag der vergadering Kon . .A.kad., 
27 Nov. 1897). Now we had also to take into eonsideration, that 
one of the substances is abnormal. Tbe influence of this property 
can only be caloulated in a very incomplete manner. because the 
way in which association of 1.he molecules takes place in such all 
abnormal substance, is not known. In consequence tbe rcsult wbieh 
I }lave obtained by this who11y approximative ealeulation may only 
be Il.ccepted with great reserve. -

The locus mentioned may oecur in two different forms, whieh 
rlepend on the fact wbether in the gaseous state the molecules of the 
abnormal substance are larger or smaller than the molecules of the 
substanee witll which they are mixed. If thcy are larger thc eurve 
has a loop whieh hangs down as in the figure (1). That the 
molecules of O2 Ho 0, Cs Hs 0, etc. are greater tban that of 
C2 Ha will not be doubted. If on the other hand the molecules 
of the abnormal substallee ;n the gaseous state are smaller, thc loop 
is turned upwal'ds. To all probability, however, the molecules of 
o H4 ° wiJl be smaller tha11 th08e of C2 Ha. In this case the folIo
wing schematical figure may make cleal' the probable course. 
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Fig. 2. 

Let A be the critical point of ethane, B that of methylalcohol. 
Let EG be the pressure-curve of the three phases and C the point, 
in which the plaitpoint-curve, originating in A, meets the three-phase-



- 6 -

( 389 ) 

pressure-curve. In this case point D, which lies on that branch of 
thc plaint-cul'Y8 that ol'iginates in B above C, is the last of the 
plait-points tbat may bc realized if the phenomena of retardation 
arc cxclllded. From this follows, that howe,'e1' much we may lower 
the tempemture, the pressUl'e of the three phases will continue to 
exist. Thc points between C and D, marked on tbe curve, inc1icate 
plait-points of such valucs of 11', at which they lie above the derived 
sUl'face, resting on the conuodal line which encloses the two separate 
branches of the spinodal line. From the phrase of KUENEN and 
HOBSON, p. 357: "Oberhalb 35,37° ist Dur eine Falte vorhanden, deren 
Faltenpunkt wir bei Methylalcohol nicht erreichen konnten, weil Druck 
und Tempel'atur Zll hoch waren" seems to foIlow, that point D of 
our figure 2 must not lie above C, but that it would have to be 
taken more to the side of B. As there remain so many uncertain
ties, it is to be regretted, that in the case of methylalcohol they 
have not been able to carry out their investigation. We must not 
attach greater value to fig', 2 than that it has v led to the supposition' 
that the cause of the difference in behaviour for mixtures of ethane 
and methylalcohol must be found in the smallness of the methyl 
molecules 1), 

L shall avail myself of this opportunity to make the following 
rem~rk about what is really properly to be called "longitudinal plait." 

In a mixture of normal substances arelation may exist between 
the quantities al' al!!' a2' bI' bI!! and b2, of such a nature that there 
actually exist two plaits, each of whioh possesses a connodal curve 
of its own. At a same temperatul'c both may be proved experi
mentally" rrhen the principal direction of the transverse plait is 
II v·axis and the prineipal direction of the longitudinal plait is 
II x-axis. But in this case the plaitpoint of the longitudinal plait 
lies on the side of the large volumes. This has been proved 
theoretically by Prof, KORTEWEG in the special case of sym
metry and a similul' casc helS beeu worked out cxperimentally by 
Mr. VAN DER LEE. (Proc. Royal Aead. 1898). Theory has liOt yet 
veen able to deeide whether this plait may be again clo~ed if the 
volumes are much smal1€>r still, or whether it continues to divorge, 
even when the limiting volumes are reached. If the lat ter should 

1) The geometricul locus of the points, for which dd
p 

und ddP~ is eqnal to 0, cannot 
v V' 

teuch unytbing ubouL the plaitpoints of the renl longiludinal Illait. Moreover I do 
not share Mr. KUENEN'~ eXIJectation thut 11150 for methylalcohol the pI uit is the same 
as for tbc fol1owing alcohols. 1 expect that the course of the plnitpoint-curve of n 
mixtlU'e of ml:'thylulcohol und ethane shows great resemblauce to that of a mixture 
of water and ether, 
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be tbe case, a plait, which appears as a longitudinal plait, but 
which has its plaitpoint on the &irle of tbe small volumes, as in 
the observations of K UENEN and ROB80N, is not a longitudinal plait: 
but a somewhat modified transverse plait. If th en in the liquid 
state complete mixture does not take place under all circumstances, 
the phenomenon is to be ascribed to other canses than in case of 
a real longitudinal plait. 

If further invAstigations confirm what has been said, we should 
have to find tbe cause in thlS case in tbe fact that at least one 
of the substances is abnormal. 

Physics. - "On üariation of volume ancl of press1we". lIl. By 
Prof. J. D. VAN DER WAALS. 

In order to be able to jlldge about the extent of' the variation of 
volume and of preSSlue in mixtures of two substances, it will be 
necessary, to find for thc different proportions of mixing the pres
sures at whieh the number of ihe molecules is the same for the 
two substanceH, if the volume and the temperature are also the 
same. If the1'e were no deviations from the law of BOYLE, the pres
sures required would be equal. Assume that for a mixture the cha
racteristic equation is : 

at a given tcmperature the 2nd member of this equation has a con
stant value for mixtures with the same number of molecules, and 
so we may find the pressure which satisfies the preceding condition 
in solving the vaIue of P from this equation, if the value of v is 
constant. Take as unity of pressure 1 atmosphere and as unity 
of volume, the volnme occupied by a molecular quantity of the 
mixture nnder that pressure. 'fhe value of the sccond member is then 

(1 + ax) (1 - bx) (1 -t ce t) , 

for which we may wl'ite with a suffirient degree of approximation 

(1 + ax - bx) (1 + ce t) • 

If we write Po for the value of the pressure' taken as nnity, and 


