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were found to be greater than Niini's measured values by
0.3 to 0.7 mm,

TABLE VII-
VapOR PRESSURE AND ExCEss FREE ENERGY OF TERNARY
MIXTURES
Pres- Gf‘,,
x1 x3 ¥1 ye sure (obsd.) 817 d1s
At 34.68°
0.2075 0.1900 0.4920 0.1472 201.11 248.3 2.9 22.8
.2110  .3879  .4864 .2774 302.13 257.6 2.1 20.3
.1987 5876  ,4733 .3999 308.63 253.6 4.0 26.9
.3781  .3122  .5043  .2747 307.23 320.5 3.4 18.7
5543 .2078 ,5308 .2501 308.13 314.3 3.3 8.6
.7599  .1076  .5903 .2080 208.80 225.2 2.6 2.4
At 55.00°
0.1880 0.1960 0.5152 0.1387 665.26 235.3 —1.5 17.9
.1983  .3961 .5130 .2624 600.20 251.1 —2.6 24.2
1982  .3963 .5109 .2628 689.67 252.3 —1.3 25.5
,1945  .5922 5068 .3733 706.51 253.0 -—1.3 20.9
.3500  .3230 .5397 .2539 711.17 324.6 0.3 16.7
5557  .2134 5672 .2316 717.20 324.6 1.8 6.4
,7515 1115 .6209 .1925 703.34 238.0 0.2 -0.4
,8433  .0814 .6736 .1800 680.86 168.8 —0.9 -—1.8

The results of the measurements on the ternary mixtures
are given in Table ¥II. We believe the uncertainty in the
35° ternary runs is greater than in the 55° runs and the true
deviation values may be of the same magnitude. Hence we
believe the 55° runs give a truer picture of the relative merits
of the two estimation methods discussed below. An error
of 100 ml./mole in Bi; would cause an error of about 0.5 and
1.0 calorie per mole at 35 and 55°, respectively. An error
of 100 ml./mole in 8:; would give an error of about 0.3 and
0.6 cal. per mole at 35 and 55°. The limit of accuracy in
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the composition measurements was 0.001, the accuracy of
the temperature calibration was about 0.05 at 553°, and 0.1
at 35°, the pressure measurements were accurate to about
0.005 mm. Based upon these considerations our measured
excess free energies are estimated to be accurate within two
and four calories per mole at 55 and 35°, respectively. The
excess free energy of ternary mixtures may be estimated from
those of the component binary mixtures by equations corre-
sponding to equation (1) or (9) of our previous paper.!?
The equation for the excess free energy of the ternary mix-
tures corresponding to equation (9) is

G2, = xixs|— 17158 — 64537 In T + 46.77T —
(237 — 0.1857°) (2%, — 1) + 0.6337(2x, — 1) — (383 —
0.692T)(2x; — 1)® + (346 — 0.387T)(2x, — 1)4] +
xixs[— 841.4 — 4.917T In T + 34.88T — (250 —
0.312T)(2x%; — 1) + 0.6407(2x; — 1)® — (550 —
1.4357)(2% — 1)% + (800 — 2.376T)(2x — 1)4] +

The equation corresponding to equation (1) differs from
equation (17) only in replacing (2%, — 1) by (%1 — x2) when
multiplied by xx%:, and by (#1 — x3) when multiplied by
%125, We will refer to it as equation (18). Table VII in-
cludes the deviations of the experimental GE from that cal-
culated by equations (17) and (18) as &y and &, respec-
tively. Although the advantage of grouping the non-polar
components together is not so great as for the heats of mix-
ing,13 it is quite evident in the excess free energies for this
system. The values calculated by equation (17) approxi-
mate the measured values closely enough to make unneces-
sary the use of terms in the excess free energy function in-
volving all three components which can be obtained only
from measurements on ternary mixtures.

CAMBRIDGE, MAsS.

{CONTRIBUTION FROM THE STERLING CHEMISTRY LABORATORY, YALE UNIVERSITY }

The Volume of Mixing and the Thermodynamic Functions of

Binary Mixtures. III.

Cyclohexane—Carbon Tetrachloride!

By Scott E. WooD? aND JoHN A, Gray, III
RECEIVED JANUARY 17, 1052

The volume change on mixing carbon tetrachloride and cyclohexane at constant pressure has been determined over the

entire composition range from 15 to 75°.

From this the excess change over that of an ideal solution of the Helmholtz free

energy, energy and entropy on mixing at constant volume have been calculated. The volume of mixing is positive and is
essentially independent of the temperature while the excess energy and entropy of mixing at constant volume are both posi-

tive and appear to decrease with the temperature.

The vapor pressures of the three binary systems
using benzene, cyclohexane and carbon tetra-
chloride have been determined?® and from these
data the change of the thermodynamic functions
on forming the solutions from the components at
constant pressure have been calculated. The
volumes of mixing at constant pressure of the
benzene—carbon tetrachloride* and benzene-cyclo-
hexane® systems have been measured from which
the changes of the thermodynamic functions on
mixing at constant volume have been calculated.
This paper reports the volume of mixing over the

(1) This contribution contains material taken from a thesis by
John A, Gray, III, presented to the Graduate School, Yale Univer-
sity, in partial fulfillment of the requirements for the degree of Doctor
‘of Philosophy.

(2) Department of Chemistry, Illinois Institute of Technology,
Chicago 186, Illinois.

(3) G. Scatchard, S, E. Wooed and J. M. Mochel, (a) J. Phys. Chem.,
48, 119 (1938); () THis JOURNAL, 61, 3206 (1939); (c) ¢bid., 62, 712
(1940).

(4) S. E, Wood and ], P, Brusie, sbid., 68, 1891 (1943).

(5) S. E. Wood and A. E. Austin, ibid., 67, 480 (1945).

temperature range of 15 to 75° and the changes
of the thermodynamic functions on mixing at
constant volume for the last system of this series,
cyclohexane—carbon tetrachloride. The apparatus
and procedure for the experimental measurements
were identical to those described in the previous
papers of this series.4®

Purification of Materials.——The purification of the carbon
tetrachloride® and the cyclohexane® was carried out as pre-
viously described. The density of the purified carbon tetra-
chloride was 1.57459 g. per cc. with dissolved air at 30°.
Wood and Brusie* reported a value of 1.57682 g. per cc. at
30° with dissolved air and Gibson and Loeffler® have re-
ported a value of 1.57484 g. per cc. at 30° without dissolved
air, The dissolved air reduces the density 0.00019 g. per
cc. The density of the cyclohexane at 30° was 0.76912 g.
per cc. while Wood and Austin® reported a value of 0.76910
g. per cc, and Scatchard, Wood and Mochel® give 0.76914
g. per cc. both values being at 30° and with dissolved air.

The water used for calibration was the laboratory dis-
tilled water, condensed from the steam system of the build-
iing, aund wus reboiled before use to remove air and carbon

ioxide,

(6) R. E. Gibson and O. H. Loeffler, ¢bid., 63, 898 (1941).
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The mercury was cleatied by passing throngh a coluinn of
nitric acid, oxidation with air while covered with a layer of
concentrated sulfuric acid, and finally by distillation.

Density-Composition Curve at 30°.—Since the comnposi-
tion of the solutions used in the dilatometer could uot be
determined directly, it was necessary to establish a density~
composition curve, The temperature used was 30 = 0.01°.
Determinations of the density were made at approximately
each eighth mole fraction. Duplicate measurements, in
which the order of weighing the components in making up
the solutions was reversed, were 1mnade at each comrposition.
For each inixture a total of 20 to 25 cc. of solution was made
by weight. All weighings were reproducible to within
#+0.03 mg. The observed weights were corrected for evap-
oration loss to the actual time of mixing, for the displace-
ment of air by both the liquid and vapor and for the weight
of each component in the vapor after mixing, assmmning
equilibrium to be obtained. The vapor pressure data werc
used for these last caleulations.® In muking the buoyancy
corrections the true density of the air was nsed and was de-
termined by the equation?

l),-';7?(.‘54‘>
- g. per cc.

, . 0106 (”’ '
108 /

where ¢ 1s the density of the air, B the barometric pressure
in mm,, e the vapor pressure of water i1 i1, times the rela-
tive humidity, and T the balance temperature. The tem-
perature at the balance case was measured to 0.1°, the rela-
tive humidity to 29, and the barometric pressure to 0.1
mm. The air inside of the solution bottles and pycnoineter
was assumed to be dry air. In the actual determination of
the density of the liquids it was found necessary to correct
for the weight of vapor above the meniscus in the capillary.
This correction amounted to (.37 ing. of carbon tetrachlo-
ride and 0.17 mg. of cyclohexane. The pycnometers were
calibrated by the use of water, the density of the water
being calculated from Tilton and Taylor’s equation.®
The conversion factor used in order to convert the density
to units of g. per cc. was 0.999972 ml. per cc.

Since the density—-composition measurements were made
with the liquids saturated with air and the coefficient of
expansion was determined with solutions free from air, a
correction to the density for the dissolved air is necessary
i1 order to determine the composition of the solutions used
in the dilatometer, The difference between the density
observed in the dilatometer and that in the pycnoimneter at
30° was +0.00019 g. per cc, for carbon tetrachloride and
+0.00005 g. per cc, for cyclohexane, Wood and Brusie!
reported the value of 0.00021 for carbon tetrachloride and
Wood and Anstin® the value of 0.00002 for cyclohexane,
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Fig. 1.—Percentage change of the volume on mixing.
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The correctious necessary for the solutions were assuined to
be linear in the volime fraction.

The mole fractions of the solutions used in the dilatometer
were deterinined from the density at 30° by ineans of the
equations

(1)

and
100VM, 10 = 535(0.694 — 0.0917 51) (2)

In these equations V¥ equals V' — V? where V is the molal
voluine of the solutions and ¥° the additive volume, z is
the volume fraction of carbon tetrachloride, and d, and d:
are the corresponding densities of the two pure components.
The mole fraction of carbon tetrachloride, the density cor-
rected for air, the difference of the observed density and that
caleulated from equations 1 and 2, 100 VM/V?® and the dif-
ference in 100 V¥/V? between the observed and calculated
values are given in Table I. The standard deviation in the
density is 3 X 107% g. per cc. and that in 100 V¥/V0 is
0.002. The values of 100 V¥/P?® are shown in Fig. 1;
the open circles represent the points obtained in this research
#1.30° and the filled circles and the dotted line represent the
data of Scatchard, Wood aud Mochel3® at 25°. The solicd
curves represent the final smoothed values at 30 and 70°
obtained from the results of the coefficient of expansion.

TaBLE 1 B

DENs1TY 0F CARBON TETRACHLORIDE~-CYCLOHEXANE Mix-
TURES AT 30°

x o Add 100 PN 170 A100 v/
1.0000 1.57478 ... 0.000 ...
0.8723 1.46041 +0.00003 074 —-0.002

8716 1.45957 4+ . 00001 075 — 001
L7485 1.356278 — . 00004 125 + .003
7482 1.35262 -+ .00003 125 - .002
L6511 1.27068 - .00005 . 149 “+ .004
.6506 1.27034 — .00003 .149 + .002
. 4978 1.14561 + .00001 .162 — .001
. 4974 1.14527 .00000 .162 000
3751 1.04872 — .00001 .150 + .001
3743 1.04805 - .00002 1150 + .002
. 2520 ). 95430 - 00002 120 -+ .002
L2617 95418 - . 00006 120 — .006
L1303 . 86364 - . 00001 071 + .001
1294 . 86293 + 00001 071 — .001
L0000 76918 ... 000 L

Coefficient of Expansion.—The specific volumes of the
pure liquids und solutions were determined fromn 13 to 75°
using the dilatometers, These dilatometers were cali-
brated us formerly making use of water and mmercury. The
density of water up to 45° was determined by Tilton and
Taylor's equationn. White? has determined corrections to
this equation to obtain more accurate values of the density
of water above 45°.  These corrections were fitted to the
equation

l-%d — d’) = —=3575.56 + 41.12¢ — 1.0703582 +

0.01176666¢° — 4.3750 X 107% ¢4 g. per ml.

to provide values of the density of water from 45 to 85°. In
this equation ¢’ refers to the value calenlated by the Tilton
and Taylor equation. The temperature was determined
to =#0.01°, The weight of the dilatometer and the ex-
pelled mercury at the end of each experiment agreed within
0.4 ing. of the original weight. This would give a total
error of 0.00003 cc. in the change of the specific voluine from
13 to 75°. The specific volumes were fitted to a cubic
equation in the temperature by the method of least squares.
Table II gives the mole fraction of carbon tetrachloride, the
coefficients of the type equation

v o= q + bt + ct? + di* (3)

aund the standard deviations of the calenlated values from
the observed valnes.  The densities of the solutions at 50°

i) ). White, Tltesis, Yale University, 1944
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were caleulated from these equations and the compositious
of the solutious were calculated in turn fromn equations 1
and 2.

TABLE 11
COEFFICIENTS FOR THE EQUATION FOR THE SPECIFIC VOL-
UMES
b ¢ d Ay
%1 a X 10~ X 107 X 107 X 10+
0.0000 1.25459 1.4362 2.529 5.37 2.6
.1289 1.11832 1.3106 1.568 9.62 1.0
2512 1.01133 1.1940 1.2056 10.15 1.5
.2514 1.01141 1.1803 1.471 8.31 0.9
.3720 0.92189 1.0855 1.171 8.57 1.2
4978 . 84224 0.9768 1.381 5.81 0.8
.6506 .75911 .9080 0.687 8.74 7
. 7482 .71306 . 8456 777 7.68 )
7475 .71332 .8479 .790 712 .9
8716 .66057 . 7946 .528 7.92 .9
1.0000 .61233 7294 .722 5.52 1.4

The specific voluine of carbon tetrachloride at 25° given
by the equation is 0.63110 ce. per g. in comparison to 0.63100
reported by Wood and Brusie,* 0.63108 reported by Gibson
and Loeffler,® 0.63111 reported by Timmermans and Mar-
tin,® and 0.63126 reported by Scatchard, Wood and
Mochel.®® The density of cyclohexane at 20° was calcu-
lated to be 0.77859 g. per cc. in comparison to 0.77849
given by the equation of Wood and Austin,s 0.77860 given
by Pavlov,!! and 0.77857 given by Forziati, Glascow,
Willingham and Rossini.!? The density at 25° was found
to be 0.77390 g. per cc. while Forziati, Glascow, Willingham
and Rossini!? report 0.77391. The differences between the
values of (0v/dT), for carbon tetrachloride obtained by
Wood and Brusie and in this work are shown by the curve
represented by the filled circles in Fig. 2, those between the
values given by Gibson and Loeffler® and this work by the
curve represented by the open circles, and those between
the values of Gibson and Loeffler and Wood and Brusie
by the curve represented by the crosses. The differences
in the same quantity for cyclohexane between the values of
Wood and Austin® and this work are shown in Fig. 3.
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(10) J. Timmermans and F. Martin, J. chim. phys,, 28, 750 (1926).
(11) G. 8 Pavlov, J. soc. phys. chim. rasse, 58, 1902 (1926).

(12} A. I, Lorziati, A. R. Glascow, Jr., C, B. Willingham and 1°, D,
RRossini, J. Research Natl. Bur. Stnlards, 36, 129 (1946).
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The values of V¥ / V9 have been calculated from equation
(3) at 5° intervals. The equation

100VM/ V0 = 5,2 [0.6763 — (0.04362 + 0.001335t)z5] (4)

has been obtained from these values by the use of the method
of least squares. It is estimated that the uucertainty in
100 V™/V?is less than %0.003. The deviations of the den-
sities calculated from equations 1 and 4 from the densities
observed in the expansion measurements are shown in Fig. 4.
The standard deviation of all the densities is 3.8 X 10~3,
The curves for 100 V™/V?%at 30 and 70° are shown in Fig. 1.
The temperature dependency of 100 VM/ V0 appears only in
the asymmetric term of equation (4). Consequently both
100 VM/V?and VM are almost constant in respect to tem-
perature. The quantity 100 V¥/ V0 decreases slightly with
increase in temperature at all concentrations while V¥ in-
creases slightly with increase of temperature up to a mole
fruction of carbon tetrachloride of about 0.65 and then de-
creases slightly.
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Fig. 4.

Thermodynamic Functions.—The excess change
of the molal free energy above that of an ideal
solution on mixing at constant pressure, Fp,, the
molal heat of mixing at constant pressure,
HY., and the excess change of the molal entropy
on mixing at copstant pressure, Sy, have been
determined from the measured vapor pressures.*
The excess free energy could only be expressed
as a linear function of the temperature within the
experimental accuracy, resulting in values of the
heat of mixing and excess entropy of mixing at
constatt pressure independent of the temperature.
However, Scatchard, ef al.,'* have measured the heat

(13) G. Scatchard, L. B. Ticknor, J. R. Goates and E. R, McCart-
ney, Tuis JoOurNaL, T4, 3721 (1952).
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of mixing of this system at 20° and has expressed
the results by the equation

H¥. = 21270 [1.49 + 0,40 (51 — 5)7) (3)

The corresponding equation determined from the
vapor pressure data is

HY, = 1.333355 VO (6)

There is sufficient difference in these two equations
to necessitate a re-evaluation of the thermodynaic
functions of this system. Unfortunately equation
5 is not parabolic whereas the vapor pressure data
vields a parabolic equation for the excess free
energy. Two choices are available: one to carry
the additional term in equation 5 throughout the
calculations assuming it to be independent of the
temperature and the other to omit it. The latter
choice has been made in this paper. The results
of these two choices agree at half-volume fraction
but diverge to a maximuin of 349, at the limits of
the composition range. This error amounts to
approximately 2 cal. per mole in the excess free
energy, less than & cal. per mole in the heat of mix-
ing and about 0.01 cal. per mole degree in the excess

entropy.
Making this choice it is then possible to set
FEloz VO = g + bT + ¢T* (7)
from which
¥ /212: VO =q — ¢I* (%)

Knowing the value® of equation 7 at 40°, that of
equation 8 at 20° and that?c

(F)we — (F)me = 30 ST (9)

three equations are obtained from which the values
of @, b and ¢ may be determined. The result is

FE = zz V9(2.27 — 0.0080T + 0.000008772) (10)

where in this equation 2,2, 1 is evaluated at 25°.
This equation yields values for the excess iree
energy that agree with the older values within 0.1
cal. per mole. At half mole fraction the heat of
mixing decreases from 38 cal. per mole at 25° to
32 cal. per mole at 70° and the excess entropyv de-
creases from 0.07 cal per mole degree at 25° to
0.05 cal. per mole degree at 70°.

40 Hi|25°
H40°
‘;. 30 /{/vazso \
kS 3
320 AV A
// @Q
; W=\
o]
0.00 025 050 075 100
Xy,

Fig. 5.

Scort E. Woob axo Joun A. Gray, I

Vol. 74

By use of these results the molal excess change of
the Helmholt ree energy and the entropy on
mixing at constant voluine, 4%, and SE,, and the
molal energy of mixing at constant volume, E3.,
have been calculated at 25, 40 and 70° using the
results of this research and the equations given by
Scatchard.'* The values of the coefficient of ex-
pausion in reciprocal degrees, a,, and of the coeili-
cient of compressibility m reciprocal atmospheres,
Bo, used in these calculations are given in Table
III.  «, Bo,*% and og/By are addi ~ 2 in the
volume fraction. It is assumed that d In B/dT
15 also additive in the volume fraction. The errors
m this assuinption and the assumption that 3
equals 3 for the solutions are negligible.

TapLe ITI
25° 10° 70°
Cycloliexane
s X103 1.217 1.264 1,865
ge X 108 110 129 170
./ Bo 11.06 9.80 8.03
dln g/dT 0.0110 0.0101 0,0084

Carbon tetrachloride

ag X 10° 1.229 1.265 1.363
Bo X 10¢ 110 124 160

an/ Bo 11,17 10.20 8.52
dn g/ar 0.0076 0.0077 0.0079

The values of Fy, A}, Hpy, and E}, at 25
and 70° are shown in Fig. 5. The values of 4%,
differ from those of #%, by about 0.03 cal. per mole
at half-mnole fraction and comnsequently the two
sets of values are identical in the graph. On the
basis of equationn 10, both E}, and S, decrease
with crease of temperature whereas using the
sinipler equation both would have increased.
Tuble IV gives a summary of the various quantities
for equimolal mixtures at 25, 40 and 70°. It
should be pointed out that the values of £}
and S¥, at the various temperatures have been
calculated on the basis that the volume of the
solution is the same as the additive volume of the
pure components measured at the corresponding
temperature and one atmosphere pressure. How-
cver, these quantities should be compared at the

TaABLE IV
PROPERTIES OF EQUIMOLAL MIXTURES
25° 40° 70°
A 0.164 0.165 0.166
o pY e 0.159 0.157 0.152
Vaty 16.82 15.80 14.03
115, 38.37 36.32 31.90
EY, 25.31 23.94 20.60
SE. 0.072 0.066 0.052
Stz 0.028 0.026 0.019
Q13 70.10 66.52 60.62
v anag 70.52 66.92 60.94
100(ay — v/anass) /ae 0.60 0.60 0.53
(14) G. Scatchard, I'rans. Foreday Soc,, 88, 160 (1937).
(15) “Tuteruational Critical Tables,” Vol TIT, MeGraw - Hill Rl
Co., Inc., New York, N Y., p. 38,
(6 “Tables Annuelles de Constantes et Donnces Nuuerigttes,”

Vol. V1, p. 16 (1923-1924).
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various temperatures under such conditions of pres-
sure that the volume is constant at all tempera-
tures. This problem is treated in the following paper.
The cohesive energy density. between the unlike
molecules has been estimated by the equation

aw = (au + azn + EY,/V'22,)/2 (11)

The absolute values of gy, are always less than the
geometrical mean of @y and ag in agreement with
the prediction given by London.' The per cent.

(17) F. lLondon, Z. phvsik. Chem., B11, 222 (1930),

ErFFECT OF VOLUME AND TEMPERATURE ON ENERGY AND ENTROPY OF MIXING

3733

decrease increases with the temperature. The
values of a;; and as at 25, 40 and 70° used in these
equations are —73.88, —69.86 and —63.86 cal.
per cc. for carbon tetrachloride and —67.32,
—64.11 and —58.15 cal. per cc. for cyclohexane,
The values of 3 in the equation of state for the
vapor, V = (RT/p) + B at the same temperatures
are —2544, —2071 and — 1455 cc. for carbon tetra-
chloride and —2488, —2028 and —1427 cc. for
cyclohexane.

Cuicaco 16, ILLINOIS

[CONTRIBUTION FROM THE STERLING CHEMISTRY LABORATORY, YALE UNIVERSITY, AND THE DDEPARTMENT OF CHEMISTRY,
ILLINOIS INSTITUTE oF TECHNOLOGY]

The Effect of Volume and Temperature on the Energy and Entropy of
Mixing at Constant Volume!*

By Scort E. Woop? aND JoBN A. GRAy, IIIT
RECEIVED JANUARY 17, 1952

The energy of mixing at constant volume and the excess entropy of mixing at constant volume for the benzene~carbon
tetrachloride, benzene—cyclohexane and carbon tetrachloride~cyclohexane systems have been calculated at 70° but at the

molal volume at 25° and one atmosphere pressure trom previously reported data making use of the Tait equation,

It is thus

possible to compare the effect of temperature at constant volume and the effect of volume at constant temperature on these

mixing quantities,
dependent upon the volume.

In the development of the theory of solutions of
non-polar liquids, it was necessary to assume the
energy of mixing at constant volume to be inde-
pendent of the temperature and the excess entropy
of mixing, that is, the difference between the
entropy of mixing of the solution and that of an
ideal solution of the same concentration, under
conditions of mixing at constant volume to be
zero. However, experimental determinations of
the excess entropy of mixing* for the three possible
binary systems composed of benzene, cyclohexane
and carbon tetrachloride have shown that the
excess entropy of mixing at constant volume was
positive over the entire range of composition.
Measurements on the volume of mixing at various
temperatures® have shown that both the energy of
mixing at constant volume and the excess entropy
of mixing at constant volume appear to be functions
of the temperature,

However, it is important to realize that the
change of these functions with the temperature has
actually been determined under conditions of
changing volume. While the process of mixing
has taken place under conditions of constant vol-
ume, the comparisons with temperature are made

(1) Presented in part before the Division of Physical and Inorganic
Chemistry of the American Chemical Society, Atlantic City, N. J.,
September, 1040,

(2) This contribution contains material taken from a thesis by John
A. Gray, 111, presented to the Graduate School, Yale University, in
partial fulfillment of tlie requirements for the degree of Doctor of
Philosophy.

(3) Department of Chemistry, Illinois Institute of Technology, Chi-
cago 16, Illinois, -

(4) (a) G. Scatchard, S. E. Wood and J. M. Mochel, J. Phys, Chem.,
48, 119 (1939); (b) Tms JourNaL, 61, 3206 (1939); (c) ¢bid.. 63, 712
(1940).

(5) (a) S. E. Wood and J, P. Brusie. ibid.. 6, 1891 (1943); (b) S. E.

Wood and A. E. Austin, sbid., 6T, 480 (1945); (c) S. E. Wood and J. A,
Gray, 111, ibid., T4, 3729 (1952).

It appears that these functions are only slowly varying functions of the temperature but are definitely

at volumes equal to the additive volumes of the
pure components at one atmosphere pressure and
the temperature in question. Consequently the
volumes of the solution and of the components
are changing with the temperature and these two
effects actually enter into the apparent change
of these thermodynamic quantities with tempera-
ture. It is therefore necessary to separate the
effects of each of these variables keeping the other
constant. This can be accomplished if the volumes
of the solutions and of the components are known
as a function of the pressure and of the tempera-
ture. These data are not available for the solutions
but it is possible to estimate the necessary quanti-
ties from the data available in order to make the
calculations and to obtain an approximate value
of the energy of mixing and the excess entropy of
mixing, both at constant volume at various tem-
peratures referred to some reference volume in-
dependent of the temperature. In particular, the
energy of mixing and the excess entropy of mixing
at 70° at a constant volume equal to that of the
components at 25° and one atmosphere pressure
have been calculated from the values of these
functions for the process of mixing at a constant
volume equal to the additive volume of the com-
ponents at 70° and one atmosphere pressure.
These values are compared to the energy of mixing
and the excess entropy of mixing at 25° and ore
atmosphere pressure. The mnecessary corrections
are small and are somewhat uncertain. How-
ever, the results are indicative that the energy of
mixing at constant volume and the excess entropy
of mixing at constant volume are approximately
independent of the temperature or at least slowly
varying functions of the temperature for the three
systems studied when referred to the same reference



