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Comments on “Topological investigation
of molecular interactions in ternary
mixtures of non-electrolytes: Excess Gibbs
free energy of mixing”

The paper “Topological investigation of molecular
interactions in ternary mixtures of non-electro-
lytes: Excess Gibbs free energy of mixing” by
Singh, Maken and Bhatia' presents an interesting
approach for predicting ternary Gf values from
measured binary data. While the advantage of
topological approaches over the more convention-
al thermodynamic solution models is certainly de-
batable, this comment deals primarily with the
thermodynamic validity of several equations con-
tained in the paper under reference.

First, the authors assume that i-j and i-k inter-
actions in the ternary solution make independent
contributions to the activity coefficient of compo-
nent, i

Iny,=(In Vi)i—j +(Iny)_,
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x4 (g +x )V + W)
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where x; and V, refer to the mole fraction and
molar volume respectively of component i; A; de-
notes the interaction energy per mole of i-j con-

tact and f; measures the effectiveness of the i-j-
contact. Similarly, activity coefficients of j and k.

in the ternary mixture are given by,

RTlny, = X VAL + x VA

TVt (xtxlV+ ) - (2)

x V A+ X V,'Ajkfkj

RTI =
T V(i x )V + )

. (3)

The ternary excess molar Gibbs free energy of
mixing, (_;f]?k. was obtained by combining the three
activity coefficient expressions, under the addi-
tional constraints that f; =f;, f, =f,; and f, =f,;.
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A careful examination of Eq. 4 reveals that it
fails to reduce to an appropriate binary descrip-
tion when x, =0,

<6§k>x.:o =[xV + x]( V+ 1 )N l[xingij(Vi + V‘Q)fij]
¢ 3 (5

containing both the molar volume of the absent
third component and a “ternary” f; parameter.
This particular mathematical reduction cannot
properly describe the three sub-binary systems.
and it is highly doubtful if the model will be ap-
plicable near infinite dilution of any component.

Second, inclusion of ternary f; and f; parame-
ters creates ambiguities/problems when Eq. 1 is
used to describe the activity coefficient of solute i
at infinite dilution (x,=0) in both a binary solvent
mixture,

o _ ﬁo VA{fi! + X;) Vi Aicfi

RTIny; . (6)
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and the two pure solvents,

RTI”()’?)J'= VAE/(V+ k) A7)

RT]n(y?)k=KAikfik/(K+K> . (8)

where x/ and x} refer to binary solvent composi-
tions calculated as if the solutes were not present.
The ternary parameters remain in the pure sol-
vent reductions and readers are left to decide
how the f; and f;, values are obtained. Assuming
for the moment that the binary and ternary f; va-
lues (and also f;, values) are equal, then combina-
tion of Eqs 6-8 yields,
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Iny$ =xIn(y7)+x In(y7) ... (Eq.9)
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a linear relationship between Iny” and solvent
mole fraction composition. Such an expression is
incapable of describing an ‘extrenum in the Iny;”
versus x) curve, and hence cannot be applied to
systems in which a sparingly soluble solute exhi-
bits either a maximum or minimum mole fraction
solubility. While perhaps not all that common,
maximum mole fraction solubilities have been re-
ported for benzoic acid dissolved in cyclohex-
ane + n-hexane and cyclohexane + n-heptane mix-
tures?, and for anthracene in benzene +iodoben-
zene, benzene +iodoethane, cyclohexane +iodoe-
thane and cyclohexene +iodoethane mixtures?>.

Third, through basic thermodynamic relation-
ships the activity coefficient of component i can
be obtained by differentiating the ternary excess
Gibbs free energy with respect to n;. Performing
this differentiation one finds that R71ny; contains
an additional term representing j-k interactions,
and is by no means identical to Eq. 1.

RTIny,= [An, + n;+ n,) Gi?k/ani]’];P‘n,,nk
=(1/p)((n;+n (¥, + VA E( ¥ + V)
+(n;+nn (Vi + V)ALV + Vi)

- Vnn Ay (Vi + Vil . (10)

where p=n;V;+(n;+n, )V, + V)

The basic assumption of j-k interactions used in
Egs 2 and 3 to define Iny, and Iny, requires that
these interactions now be included in the Iny; de-
scription. Similarly, it can be shown that Egs. 2
and 3 are also not the derivatives of G, as re-
quired by the thermodynamic definition of partial
molar quantities and activity coefficients.

Finally, Eqs 1-3 fail to satisfy the Gibbs-Duhem
equation,
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as all three bracketed dn;, dn; and dn, coefficients
do not independently equal zero. For notational
simplicity constant T and P subscripts are
dropped from Eq. 11 and only the first coefficient
will be considered. Partial derivatives are taken
with respect to n,

RT( aln )/1/ ani )nj.nk =
— (170 [ Vo, VA £ + 0, W VA . (12)
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while holding T, P and the remaining two mole
numbers constant. Substitution of these three par-
tial derivatives into the Gibbs-Duhem equation,
followed by suitable mathematical manipulations,
yields the following expression,
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which equals zero only under the very trivial con-
dition that the ternary solution behaves ideally,
Le, f,A;=f,A, =1,A; =0, etc. To eliminate this
particular criticism the authors could either obtain
all three expressions via the appropriate differen-
tiation of Gf, or integrate the Gibbs-Duhem
equation for the third component’s activity coeffi-
cient after assuming that any pair of Eqs 1-3 is
correct. Both methods, however, would still give
an incorrect description of the solute’s activity co-
efficient in a pure solvent. For example, Eqs 1
and 10 contain the molar volume of component j
whenever x; = 0.

Singh, Maken and Bhatia’s Eqs 1-4 are incon-
sistent with conventional thermodynamics, and
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these inconsistencies must cast considerable doubt
upon the general applicability of the basic solu-

tion model, the topological relationships derived .

and/or molecular interpretations based therefrom.
The preceding comments, which concern a specif-
ic solution model, should in no way be construed
as a criticism of the three authors. I have great
personal respect and admiration for Prof. Singh as
he has published a large number of excellent pa-
pers. His present paper on topological investig-
ations of nonelectrolyte solutions represents an
important first step in developing a coherent, con-
sistent thermodynamic description of aqueous-or-
ganic systems. Solution modeling is extremely dif-
ficult, often controversial, and most thermody-
namicists (myself included) must invoke simplify-
ing approximations to arrive at a tractable model.
Careful examination of the limitations and applic-

ations of any model, of which testing and critiqu-
ing play important roles, pointout our inability to
thermodynamically model certain systems. Defi-
ciencies, once recognized, will prompt the future
development of better thermodynamic solution
models.

William E Acree, Jr
Department of Chemistry,
University of North Texas,

Denton, Texas 76203-5068 (USA)

29 June 1990
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