Excess Thermodynamic Functions for Ternary Systems
1. Acetone-Chloroform—Methanol at 50°C
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Extensive heat-of-mixing data taken with an isothermal
titration calorimetér for the acetone-chloroform-methanol
system at 50°C are reported, and a correlation of the
resuits Is presented. When combined with a correlation for
the excess Gibbs free energy reported earlier, these results
allow calculation of excess entroples.

The isothermal titration calorimeter described by Winterhal-
ter and Van Ness (9) has been used without modification for
measurement of heats of mixing for the system acetone-
chloroform-methanol over the full composition range of the
ternary system. Included are data for the constituent binaries;
for ternary mixtures 15 runs were made by addition of a pure
component to an initial mixture made up of known amounts of
the other two components. The extent of coverage of the ter-
nary composition diagram is indicated by the lines of Figure 1.

The chemicals employed were chromatoquality reagents
supplied by Matheson Coleman & Bell; they were used as re-
ceived with a minimum indicated purity of 99.8 mol %.

Data for Binary Systems

The experimental results for the three binary systems, ace-
tone(1)-chloroform(2), acetone(1)-methanol(3), and chioro-
form(2)-methanol(3), are given in Table | (deposited with the
ACS Microfilm Depository Service). These data are well cor-
related by equations of the form:
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The parameters in these equations as determined by least-
squares fit with H E(calculated) — H E(experimental) as objec-
tive function are given in Table Il. The last two rows of the
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Figure 1. Lines showing compositions traversed during runs yielding
heats of mixing for ternary mixtures

table display the standard and the maximum deviations be-
tween calculated and measured values of HE. We regard the
standard deviations as realistic estimates of the absolute ac-
curacy of the data. The experimental data and their correlat-
ing equations are displayed in Figures 2-4 as plots of HE/
xpRT vs. x;. Our results for these systems are consistent
with, but more extensive and precise than, other published
data (2-8).

Data for Ternary Mixtures

Since ternary mixtures are formed by addition of a pure
component to a binary mixture, the measured values of HE
in any one run depend upon the value of Hf;: for the initial bi-

Tabie I1. Correlating Parameters in Equation 1 for
Binary Systems
Pairs of components are listed in order /, j

Acetone(l)— Acetone{l)- Chloroform(2)—
chloroform(2) methanoi(3) methanol(3)
Ajj —2.7829 1.0362 —1.5466
Ji —1.8161 1.3636 3.8144
)\ij 2.3607 0.1356 2.0991
Nij 0.6579 0.1650 14.6435
dij 1.1395 —0.3405 6.2152
i 1.1395 —0.3405 26.4938
¢ (J/mol) 1.4 0.5 4.1
Max dev
(J/mol) 3.2 1.1 11.0
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Figure 2. Correlation of HE for binary system acetone(1)—chioro-
form(2) at 50°C

Points are experimental values; line represents Equation 1 with appropriate
parameters from Table i
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nary mixture. These H| values were determined from the
correlations provided by Equation 1. The 123 experimental
values of H5,; for the ternary system acetone(1)-chloro-
form(2)-methanol(3) are given in Table Ill (deposited with the
ACS Microfilm Depository Service). These data are adequate-
ly correlated by an equation of the form:
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Figure 3. Correlation of H£ for binary system acetone(1)-metha-
nol(3) at 50°C

Points are experimental values; line represents Equation 1 with appropriate
parameters from Table Il
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Figure 4. Correlation of H £ for binary system chloroform(2)-metha-
nol(3) at 50°C
Points are experimental values; line represents Equation 1 with appropriate

parameters from Table Il. Open and closed circles distinguish between two
sets of data taken by two different operators
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Hi = H%+ HS + HE + Xixex3Aq2s (2)

where

Aq2s/RT = Co — Cyx1 — Caxp — Caxs — CyX —
Csx1xa — Cexi — C1x3 — Caxixa — Cox1 %5 (3)

Table 1V. Correlating Parameters in Equation 3
Based on data for ternary mixtures of acetone(1)—
chloroform(2)-methanol(3)

C,= 0.2936 C,=—54.1833
C,= 7.1692 C,= 6.2136
C,= 29.7189 c,= 37.7718
¢, =—13.0018 C,= 34.3746
C,=—56.0785 C,= 62.1298
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Figure 5. Correlation of results for ternary mixtures formed by addi-
tion of acetone(1) to initial binary mixtures of chloroform(2)-metha-
nol(3)

Function plotted is 3C = [H5,; — (1 — x1)H Ss(initial)]/x+(1 — x,)RT. Points
are experimental values, and lines represent correlation provided by Equa-
tions 2 and 3. @, x2/x3 = 0.0517; A, xo/xa = 0.326; O, xa/xa = 0.992; O,
Xa/x3 = 3.03; V, xp/x3 = 21.9
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Figure 8. Lines of constant HE in J/mol calculated from correlation
of Equations 2 and 3 with parameters of Tables Il and IV
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Figure 7. Lines of constant G £ in J/mol calculated from correlation
for G¥ given earlier ( 7)
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In Equation 2 HE, HE,, and HE; represent the correlations
for the constituent binaries as given by Equation 1 in which all
terms are evaluated at the actual mole fractions of the terna-
ry mixture. The quantity Aq,3/RT incorporates all of the pa-
rameters determined solely from data taken for the ternary
mixtures and is expressed as a function of composition by
Equation 3. The parameters Co through Cg determined by a
least-squares fit of the 123 experimental data points for ter-
nary mixtures are given in Table IV. The standard deviation
between calculated and experimental values of H 5,5 is about
10 J/mol, and the maximum deviation is about 30 J/mol. Fig-
ure 5 illustrates the quality of the fit provided by Equation 2 for
the five runs in which pure acetone was added to initial binary
mixtures of chloroform and methanol. The function plotted

[H5s — (1 = xq)H5,(initial)]/ x1(1 — x1)RT vs. x4

is an analog for these runs of the plot of H ,’.f/x;x,RT vS. X;
commonly made for binary systems and illustrated by Figures
2-4,

A correlation was published earlier ( 7) for G £ for the terna-
ry system considered here. This correlation and the one for
HE allow calculation of excess entropies from TS 5, = H5,,

— G, In Figures 6-8 we show on triangular diagrams lines -

representing constant values for all three functions, H %,
G 5,3, and TS 5,4, as determined from these correlations.

Discussion

Since the correlations of our data by Equation 1 for the
three binary systems represent the data within the precision
of the experimental measurements, we do not expect that
these correlations can be significantly improved. However,
we have serious reservations with respect to the ultimate effi-
cacy of Equations- 2 and 3 in the correlation of data for such
highly nonideal ternary mixtures as those considered here.
Even with the use of 10 constants specific to ternary mix-
tures, the correlation does not do full justice to the data. Nev-
ertheless, after many attempts by various means to achieve
an improved correlation, we have reluctantly determined to
publish the present correlation as an interim result, while con-
tinuing our efforts to improve upon it. Any such improvement
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Figure 8, Lines of constant TS£ in J/mol calculated from correla-
tions for H & given here and for G £ given earlier ( 7)

must come as a result of an innovative procedure, for we
have already tried the various schemes and equations extant
in the literature, as well as many others that have come to
mind.

Nomenclature

Aj, A; = parameters in Equation 1

Co, . .., Cg = parameters in Equation 3

G £ = excess Gibbs free energy

HE = excess enthalpy or heat of mixing

R = universal gas constant

S E = excess entropy

T = absolute temperature

x;, x; = mole fractions of components /and j

Greek letters

Ayp3 = function defined by Equation 3
Ap N ¥y Uy = parameters in Equation 1
o = standard deviation
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