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negative excess volumes occur in the intervall 0.45 < x, < 0.5.

For illustration, the volume of mixing is plotted as a function of
the molefraction x, for some isobars at 81.5°C in Fig. 2. In spite of

the positive values for very small x, the shape of these curves is
rather symmetric. In the concentration range 0.05 < x, < 0.2 there
isa point of inflection. For x, > 0.7 the graphs run linearly within the
experimental error. A second point of inflection in this range is
rather unprobable but cannot be excluded.
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Fig. 2
Molar excess volumes VE of the system water-3-methyl-pyridine at
81.5°C (x, = molefraction 3-methylpyridine; parameter: pressure
in bar.—The dashed lines indicate the region of two coexisting
liquid phases). a) complete concentration range; b) water-rich con-
centration range on a larger scale

Discussion
The change 4GE of the molar excess Gibbs energy with

pressure can be easily calculated by integration of Equation
(1a) at constant temperature and composition:

P
AGE = G§,) — GE,, = [ VEdp.

Po

2

The results are compiled in Table 2 and are represented for
small x, in Fig. 3. In the last line of Table 2 the values for
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Fig. 3
Change of the molar Gibbs energy with pressure AG* = G5 — Gh_ | 4.
at 50 (dashed line) and 81.5°C (full line). Parameter: weight percent
3-methylpyridine. The curves for 20 and 30 w.%, end at the phase
boundary of one homogeneous phase

Table 2
AGE = Gf - GE=“,,, at 50 and 81.5°C in J mol™*

x, = molefraction 3-methylpyridine
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50 100 -05 —-1.6 -39 -63 —-63
500 -22 -72 —-173 286 286
1500 -41 —-153 =395 707 =707
2500 -42 —186 —509 —987 —987
81.5 100 —0.4 -13 -29 —438 -50
500 —-1.6 -56 —125 -216 —228
1500 —2.6 - -277 -521 555
2500 -20 - - -692 1768
81.5 1 +2250 +5950  +906.0 +11060 +850.0?

Gl =1van at 81.5°C interpolated from literature data are
given [4]**). The changes of G* with pressure are negative
and small relative to the values at 1 bar.

Since GF is positive at normal pressure it decreases with
increasing pressure.

The pressure dependence of the molar excess entropy S®
is given by Equation (3):

oSE - oVE
ap T.x_ aT p,x.

**) The uncertainty is evaluated by the authors to be + 6 Joule/mol.
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No numerical calculation will be presented here, since from
the two isotherms for which accurate data are available, only
a linear dependence of the excess volume upon temperature
can be deduced, which will be a poor representation of the
real behaviour. But from Equation (3) it follows immediately
that (0S%/dp)r, must be negative since (0VE/0 T),, is positive.
Thus, SF being negative at normal pressure, |S¥| will increase
with increasing pressure, indicating an increasing deviation
from ideal entropy of mixing,

The pressure dependence of the molar excess enthalpy
HE is readily obtained from Equation (4):

OH® dS®
=LYE P : 4
< ap )T.x ( ap )T,x ( )

Here, VE is negative — except for small x, and high pressures —
and (0S®/dp)r., is negative, too. Therefore, (6 HE/dp)r., must
also be negative. Since the excess enthalpy at normal pressure
is negative, | H®| will increase with increasing pressure. This

~has been confirmed by the direct determination of the tem-

perature change on mixing [3].

This qualitative discussion of the pressure dependence of
the thermodynamic functions G®, S%, and H® shows that for
the system water-3-methylpyridine both HE and S® are
negative at normal pressure and both have a similar pressure
dependence indicating an increasing deviation from ideality,
which finally gives rise to a phase separation. The molar
excess energy GE, however, which is equal to the difference
HE — TS® = GF, decreases with increasing pressure; this
obviously shows that G® is inappropriate as a measure of
deviation from ideality for this system. From a thermodynamic
point of view, however, it is the Gibbs energy G which is
responsible for the phase behaviour of the system and it is
interesting to note, that so small a change of G® causes such a
striking phenomenon as it is the separation into two liquid
phases.

The results can be used to test some qualitative statements about
the excess functions at high pressures deduced from the pressure

dependence of liquid-liquid immiscibility phenomena. 3-Methyl-
pyridine and water are miscible in all proportions at normal pressure;
with increasing pressure, however, a separation into two liquid
phases is observed. Isothermal p(x)-sections through the two-phase
region in the T-p-x space show immiscibility loops with a lower
critical solution point with respect to pressure [1]. For this type
of phase behaviour the inequality

2 B
(%)( <0 )
must hold, provided that G is an analytic function at and near the
critical point [2, 5]. Fig. 2b shows that inequality (5) is satisfied in
the concentration range of liquid-liquid immiscibility, indicated
by dashed lines. Nevertheless, it seems to be possible within the ™
limits of experimental error that (8 V*/dx?), , may equal zero at the
critical concentration x, = 0.077 which would imply, that (62 HE/
0x?). equals zero, too [6, 7]. This is not in contradiction to experi-
ments, since the observed temperature change on mixing, plotted
as a function of x,, has a point of inflection in the range x, < 0.2 [3].

The experimental part of this work was performed at the Institute
of Physical Chemistry, University of Karlsruhe. The authors owe
thanks to Prof. Dr. E. U. Franck for his stimulating interest in this
work. Financial support of the Deutsche Forschungsgemeinschaft
and the Fonds der Chemischen Industrie is gratefully acknowledged.
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