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related to temperature. At about 800°C the solu-
tions are almost “ideal,” bui with increasing tem-
perature a positive deviation from ideality is evi-
dent.

From the dependence of the standard partial
molal free energies of mixing on temperature, the
standard partial molal enthalpies and entropies of
mixing can be calculated for the systems shown in
Table IIL. The latter are also given in this table. .

The standard partial molal eniropies of mixing,
as shown in the last three columns of Table III, also
suggest that complex ions are present in all of these
systems. It is necessary here to define the term
“complex” as used throughout this study. In a very'
broad sense a “complex’’ in an ionic melt should be
defined as a group of atoms for which the binding
forces are stronger than the forces tending to sepa-
rate them. The latter type of forces obviously in-
cludes the interactions between similar groups of
atomic aggregates and also the interactions with the
solvent. In terms of structure, a “complex” in solu-
tion should be a group of atoms in which the imme-
diate neighbors of any atom are arranged in some
orderly way, but the arrangement becomes more
random gradually with increasing distance from the
center of the complex. The definition is almost that
on a liquid, with the difference that there is a dis-
tinction between the random distribution of atoms
- or ions in the solvent, and the locally more ordered

distribution of atoms in a complex.

Although the presence of finite complexes in
melts has been demonstrated both by potentiomet-
ric (14) and by spectrophotometric measurements
(15), it seems reasonable that in ionic metals there
should exist several intermediate states of aggrega-
tion between the so-called ‘“noncomplexed” ionic
state and the type of finite complexes found in
aqueous solutions.

The actual values of the activity coefficients, and
of other thermodynamic functions which character-
ize these complexes in solution will depend entirely
on the definition of a noncomplexed state. A com-
pletely different set of data would be obtained if,
instead of choosing the pure metal salt as the stand-
ard state, the state of infinite dilution were chosen,
In fact, only the existing differences between any

"two states are measured directly, and a thermo-
dynamic definition of a noncomplexed state is quite
arbitrary. Even the “ideal solution” appears to arise
from cancelling out of opposing effects in the bind-
ing forces within the complex itself.

In support of this view is the behavior of the
solutions of silver chloride in alkali chlorides.
Stern (11,12) found that the partial molal free en-
ergy of mixing of silver chloride in potassium chlo-
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ride is negative, and that of silver chloride in sodium
chloride is positive. In the present investigation it
was found that in a solution of silver chloride in
1/1M mixture of potassium and sodium chlorides,
the standard partial free energy of mixing is zero
and the solutions are “idcal.” It is apparent that by
regulating the composition of the solvent and tem-
perature it is possible 1o obtain solutions with
positive, negative, or zero deviation from ideality.
Thus, one may conclude that what is theromdy-
namically an “ideal” state is not necessarily a non-
complexed state.
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