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Absolute Estimation of the Ionic Entropies
of Transfer
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The earlier attempts"® of estimating’
the absolute ionic entropies of transfer
are all based on an artificial assumption.
Recently, the first absolute estimation has
been carried out successfully by Agar and
Breck®. The present report would give
the second way of estimating these values
exclusively from the observed data con-
cerning the ‘ Soret effect’” and ther-
mocells without making any assumption
except the additivity of the ionic entropies
of transfer, which was originally proposed
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by Eastman'® and lately has been confirmed
by Alexander* at low concentrations.
For a thermocell of the system, Ag|AgCls,
MClaq, AgCls| Ag, we can write, when the
Soret effect is hindered, as follows:

d
E%Z —t+s+*+t-s-_*_Sel*

+Sag — Sagci+1+Smcei (1)

where F is Faraday’s constant, d¢ is
the thermopotential difference due to the:
temperature gradient d7, ¢, and {- are
the transference numbers of positive and
negative ions of the salt MCl (here uni-
univalent) respectively, S$.%, S-* and Se*
are the entropies of transfer of hydrated
positive and negative ions in solution phase
and that of electron in metallic phase
respectively, Sag and Sagc: are the molar
entropies of metallic silver and solid silver
chloride respectively, and Smci is the molar-
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TABLE 1
IONIC ENTROPIES OF TRANSFER (cal./deg./mole) IN AQUEOUS m-MOLAL SOLUTION OF MCI1

AT 25°C.

o(deg.~1), de/dT(xV/deg.), Sag=10.1,

Sage1=23.0, Sug=18.3, Suge1=23.4

cal./deg. /mole.

Ag/AgCl, MCl(m=1.0)

Hg/HgC1,MCl(m=1.0)

System _  A8/AgCl MCI(m=0.05)

MCl 46 ox10° dp/dT® S.* S_* £,8
HCl  0.829 —1.76° 145 10.4 18.4f 0.845
LiCl  0.321 +0.31* 511 6.5 24.5 0.26
NaCl  0.388 —1.91s 482 18.1 24.9 0.363
KCl  0.490 —1.200 493 27.4 24.9 0.485
NH,Cl 0.491 0.0¢ 498 29., 24., —

a, K. F. Alexander, Z. physik. Chem., 203,

-

X108 dp/dTv S.* S_* dp/dTe S,* S_*
—7.3: — 83 4.1 18.. 330 3.5 19.9
0.¢ 289 0.2 19.4 630 0.2 19.¢
—~1.564 228 13.1 18.8 560 13.2 18.7
—0.930 261 22.5 19., 610  22.; 19.
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entropy of MCI in solution phase. Here
Smci=S:+S-, S; and S- being the partial
molar entropies of hydrated positive and
negative ions produced from one molecule
of the salt MCI in solution phase.

Coupling the relations®, S,.*¥=Q.*/T+S.
and S_*=Q_*/T+S_, with the approxima-
tion formula® o¢=—(Q.*+Q_-¥%)/2RT* for
the Soret coefficient ¢, one may yield the
molecular entropy of transfer of the salt
MCI as

S.*+S5_*=—2RTa + Smcl 2)

where @.* and Q-* are the heat of transfer
of hydrated positive and negative lons of
MCI in solution phase, and R is the gas
constant.

Upon solving Egs. 1 and 2 with respect
to S.* and S_* by the aid of the relation
of t,+¢{_=1, one may yield

S_*=Fdp/dT—Sag+Sagci \
—2t.RTag+Sa* ' ®
Si*=—Fde/dT +Sag—Sagci g’
—2t _RTa—Ser*+ Smai )

Since Se* is very small as compared with
the other terms in Eq. 3, sufficiently cor-
rect values of the ionic entropies of
transfer may be obtained even by omitting
term of Sea* from Eq. 3. Some of the
values of S.* and S_* thus estimated for
the 0.05 and 1 molal aqueous solutions of
some electrolytes at 25°C are tabulated in
Table I. There can be seen some re-
markable facts: (1) the values of S.*
and S_* persist their proper values,
independent of what system they are
originated from; (2) the value of S_* is
consistently the same, entirely indepen-
dent of the nature of its conjugate cations
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present in the chloride solutions; (3) S/*
is a function of the concentration.

Finally it is very interesting to have a
possibility of determing the heats of
transfer for positive and negative ions
separately, if only the individual ionic
activity coefficients are known.
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