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Physics. — “The derivation of the formula whick gives the relation
between  the concentration of coexisting phases j07 binary
miztures.” By Prof. J. D. van per WaaLs.

(Communicated in the meeting of June 25, 1904).
Already in my molecular theory (Cont. II, p. 10) I derived a

formula for the concentration in coexisting phases of binary mixtures.
This formula has the following form:

b b da
do_da '
Lz MRT | =+ MRT-— e
—& V- v 1 1 _‘b v P

In the case that the second phase is a ravefied gasphase, the

second member is simplified to MRTll °_ and we find:

—a&

de db
1'—L' d dl
MRT1 B TP 4% ypp 2 @)
—a, &, v v—>b),

From this I have drawn the conclusion that the circumstance that

two coexisting phases have the same concentration can only occur
. . . . . @

for mixtures, for which a minimum value of the quantity b—z oceurs,
X

and so a minimum value for the critical temperature. For the

limiting case, with exceedingly low values of 7', the mixture for

which Z— has a minimum value, would be exactly the mixture, for
T

which the value of 2 is the same in the two phases; but for in-
creasing values of 7" this concentration shifts to the side of the
substance with the lowest value of the size of the molecules. (Cont.
II, p. 19 and p. 120).

Afterwards I have derived in “Ternary Systems” for equation (1)
the following equation:
2, 1—.?:,_ fdl’x, 1 dpr.

= 2
l—a, =, T de prda @

l

which also holds' only approximately for the case that the second
phase is a rarefied gas-phase. For the derivation of (2) I have not
directly used the equation of stale, but I have considered the well-

Iy—T :
known formula for the vapour-pressure — L= = f —— a8 suffi-

v

ciently accurate for liquid volumes which are not much smaller
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than that of the pressure of coincidence (pressure of the saturated
vapour for the unsplit mixture).

Equation (2) however, can also be found directly from the equa-
tion of state. It was to be expected thai this was possible, because
as I have shown in “The liquid state and equation of condition!)
the formula for the vapour may be derived from this equation. If
we want to find also for the factor f the real value of about 7,
it is necessary to consider & as function of the volume. This not
only renders the derivation very complicate, but it places us before
the unsolved question: in how far is the decrease of & with the
volume to be ascribed to real or quasi diminution ?

I have therefore confined myself for the moment to examining
what follows for the form of (2) from the equation of state, when
b is put independent of the volume.

We have then to reduce:

db da
MRT —
da dfu

v—20 v

We write for this successively

MRI‘

/1 1 1 1\de .
Now for “d_a,(_—__)— ———]— we may write:

R/ v bj)de
wo—0) (1da v+b1db) afv—0)(lde 2db bN\1db,
v ade v bd.uE: by E%—Zd—z_( __)Za
: , , alv—>) .
and as according to the equation of state o 1 equal to
a(v—0>) v—0b

—= MRT + (MRT — vp)

we find after some reductions:

db
MRT— (‘;_“ o d% dll-; dzb_
¥ i
e _ Y yrr -2 —M T—
b o Pa T wm T 7| (MET — vp) —
v—b1 db
+~——[MR1‘ plo—] + .« . . . ... (3

1) These Proc. V1. p, 123.
11*
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We may also write the second member of (3) as follows:

o
dl—
db v (—0) b (v=0) db\}
P du b Y de b dw
@ a a
d— dl— d log —
b ’ v ®
— — - MRT
dz + dz + MET v da

In order to examme the general value of the quantity which is
to be reduced, we have to distinguish two cases. The first case,
that v — 6 is small and p (v — &) may be neglected compared with
MRT. In this case (4) may be simplified to:

d= dl=
db b b?
pa—-a;-l-.MRT et

The second would hold for high pressures, then the value of
p(v—2>d) approaches to MRZ, when v approaches to 6. In this
case (4) is simplified to:

da
d b
P dm

As we assume coexistence with a rarefied gasphase we have only
to deal with the first case. In the second there would not even be
question of coexistence with a second phase. We find now for the
formula, giving the relation for the concentration of the two phases:

« a
d— dl—
;M 1—.«:,:( 1 b b“) N ()
1—a, a, MRT dx de

1

db o
in which p 7 is neglected, or rather where it is cancelled by an
i

almost equal value, which would occur in the second member of
the equation given at the beginning of this paper.

Let us put:
T — 8 «
MR k_g,i-g
and
. 1 a
pk——-ﬁgja

then (5) assumes the form of :
& l—a, (27 141y, dpp\

8 T du prdz),

{ —_—

l—a, o,
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27
The factor 5 is in perfect concordance with the factor which

occurs in the formula of the vapour pressure, when we put the
quantity & independent of the volume. I have shown before that it
must be about doubled, when we assume variability for 5 — or rather

27
the factor 5 is not inecreased, but the assumption of the smaller
value of & comes to doubling the factor, when we substitute the
a
value of 77 for 7" Without carrying out the elaborate calculations,
which 1n our case mght be the consequence of assumption of the
variability of &, 1 think to be justified in concluding to the doubling
of that factor as a sufficiently approximated value. Then we find
back exactly the same value asI had found in “Ternary Systems”, viz.
i 1—: aT 14
g lze  (F4Te  Ldpey (6)
l—z, a, T da pr de J,
in which formula f may put about 7.
As ——k
S 8x273p;

_y ¢ g dlpy,
=0, we may put for ——:

dlogT;  dlogd
da de

Hence (6) becomes :

I =t — =+ = A
l1-2 @, (T Tk) das + bde ' @
From the form (7) we denve, that only when — =0, and so

da
when the molecules of the mixed substances are of the same size,
the concentration of the coexisting phases is the same for the mixture
with minimum critical temperatuve. If the size of the molecules is
not the same x, — @, for the mixture for which

Fo1\dTy 1 db
- ——' = —‘—.' . . v . - . (8)
1 T/ da b da

-, s . : .
If - is positive, as is the case for mixtures of acetone and ether

U

(ether as second component), then » =&, for a mixture for which
Ty,

N is negative. Then the coneentration where 2, and z, are equal
and therefore also the maximum pressure in the p,x line has shifted
to the side of the component with the smallest molecule. If we

multiply both members of (8) by I, the shifting proves to increase
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for increasing value of 7', and so we arrive at a conclusion, to
which I-came already before, viz. that the concentration of the
maximum value of » in the p,2z curve is sufficiently the same as
that of the mixture with minimum eritical temperature only for the
very lowest values of 7. It only appears that already at ordinary
temperatures the shifting mentioned above may be rather considerable.
A consequence of this is, that the shifting between the ordinary
temperatures and 7= 77 may be only slight. This shifting is however
the greater as the difference in the size of the molecules is the more
considerable, and as the decrease In critical temperature takes place
the more slowly.

Now that we have found an approximate value for g, we can
immediately derive from it an approximate value for u",, a quantity
which must be known, if in the equation:

sdp=(oi=0) (555) o+ ar

the factor of dz, is to be considered as known. We have viz.

02
g) = MRT
""12 »T

T

We find then:

— l
1 b b¥
M 14 —— ———— ——— ————

T MRT dar T da?’
or
R )
T de? da®
So for sma.ll vapour pressure the equation:

dp 1 f e | dpe
> \au )7 = (r,—,)

o, (l—a,) T de - dat
holds approximately.

2

In general the quantity 2]" will be positive, and this is certainly

1
so when there is a minimum value for 7} ; the value of the other
term may change this of course. But as a rule p", will be found
negative for normal substances.

14 Al a
In the value of the quantity 17(3% only one of the two parts

ar dipp.

of w';, occurs, viz, -{1: —g—k and not the other palt—d—p—. So only the
¥, oy

part depending on 7'is kepl. In different ways the value of this quantity



(161 )

may be found. 1t is easily found from the equation, occurring in
Cont. IT p. 146, slightly reduced, viz:

ﬂfRZv = {(1 1) + @ e/}lll} L
From this form we derive, keeping @, constant:
wl eﬂ’xl dux’].
dp 1 di d (pzy — @, P —1)
pal’ T 1—a,+a, e”n ar

for which we may write:

dp 1 duly | d(p—a, 1)

pdT T g VT ar
or
dp 1 dwy, | duy
pd_rlv_i; ( ﬂ q’l) dly + d]v *
ay' J aTy du,
For d’;'l we find Tk and for d;: we get the value
f 1
T, — —
TR
Hence :

pdT da,

Multiplying the second member by MRET, we find w,,. For w,,
we find then 2 terms, the first A/R f 7} representing the heat of
evaporation, when the mixture @, evaporated asan unsplit substance,
and therefore the vapour phase would have the same concentration

(5e7) = |70+ (o) G gl

= (@,—) £ denotes tl
Q. —a.) — -
= T denotes the mo

dification, which 1s the consequence of the circumstance, that the
vapour phase has another concentration than the liquid phase. This
modification can be very considerable in certain cases, viz. when
®,—a, is very large. If 7% should depend linearly on 2, then

aly,
T7~1 + (z, —a,) dal
denoting the components of the mixture by @ and b: 7%= Tk,

T/ dp T dpo
1—zg &2y, J . . 5 F = o =
1—a,) 4 Ty @, (Cont. II, p. 155) ox p dT) (1— %) " a7 +

as the liquid phase. The second part -

= 7%, and for 73, we might write in that case,

Td
4 @ ;ﬁ% Then w,, = Mqre (L —a,) + M, s @,, and the process

of mixing in the liquid state will take place without heat of mixing.
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If the graphical representation of 77 as function of a, is a curve
(Cont. II, p. 45), lying everywlere above the tangent, which is the
case when Zali"’ + :—:ﬂ —%;—Z is positive, then T} 4 (z,—a, c—l;—r]li is
smaller than 7%,.

If we draw a tangent to the eurve in the poini z,, this tangent
cuts the ordinate of 2, in a point which lies lower than the curve,
and the distance from that point of intersection to the eurve is a
measure for the quantity of heat required for mixing the condensed
vapour with the liquid phase considered. As p”, consists of two
terms, the latter of which is only negative, when the mixing in the
liquid state is attended by absorption of heat, we are not justified
in expecting that this latent heat of mixing alone determines the

sign of u',.

Physics. — “On Px-curves of miztures of acetone and ethyl-ether
and of rarbon tetrachloride and acetone ot 0° C.” By G. C.
Gerrits. (Communicated by Prof. J. D. vaN pEr WaALS).

(Communicated in the meeting of June 25, 1904).

The imperfect concordance found by Cunarus ')} between the rela-
tion deduced by van per Waars?®) in his theory between the vapour
tension over a mixture of two hLquids, the molecular concentration
of the vapour and that of the hqud, induced us to take up the
investigation once more according to ithe same method as had been
used by Cunarus and with the same substances, acetone and ethyl-ether.
Afterwards also mmxtures of carbon tetrachloride and acetone were
examined.

It had viz. appeared, that improvements might be applied to the
method of investigation.

By means of the determination of the refractivity of the vapour,
both of the simple substances and of the mixfures, the molecular
concentration of the vapour was determined by means of the law
of Bror and ARraco.

This determination of the refractivity was made according to the
method of Lord Ravruien *) also followed by Cunanus ?).

1) Cunaevs, Proefschrift, Amsterdam, 1900, blz. 47—51.

2) van peEr WaaLs, Arch, Néerl. 24, blz. 44; Continnitit des gasf. und fliiss.
Zustandes II, blz. 137.

% RayieicH, Pioc. Roy. Insutution, Vol. XV, Part. 1, pag. 1; Proc. Roy. Soc.
Vol. 59, blz. 201.

%) Cunaxus, Proefschrilt, blz, 4—6. Proc.



