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Thermoelectric power data provide a useful tool for the evaluation of the thermodynamic
properties of ionic species of both solid and molten electrolytes in equilibrium with electrodes of
thermocells; however a previous evaluation of the heat of transport of the mobile ions is
necessary.
This is the case of Agl. whose standard modifications have been investigated with silver
electrode thermocells some years ago.
The interpretation of the thermoelectric power change at the melting point allows one to
recognize that the heat of transport of the silver ions in the high conductivity bcc modification is
practically the same as in molten Agl. This result has been used to evaluate the molar heat of the
silver ions in the bcc phase from the corresponding thermoelectric power data reported in the
literature.
The analysis of the thermoelectric power change at the transition point, from the wurtzitic to
the bcc phase, as well as a more speculative interpretation of thermoelectric power data obtained
with iodine electrode thermocells, allows one to evaluate the molar heat of the iodide ions in the
bcc modification of Agl.
The summation of the ionic contributions so computed reproduces rather satisfactorily the
trend of Agl molar heat data obtained with adiabatic calorimetry.

1. Introduction

In the present work a simple extension of Reinhold's relationship (3) is proposed, viz:

In 1929 Reinhold [1] did show that thermoelectric
power determinations a simple salt, AX, may be
related to the EMF of the corresponding galvanic
cell of formation, viz.,
£, = 5 ( A ) -5 ( A +) - 0 / F .
(1)
e2= S ( X - ) - |S ( X 2) - ( ? /7 \
(2)
£2- £ i = /d E M F /d T =
= [S(A+) + S(X")] - [5(A) + 1 5(X2)],
{ / = Faraday constant)

(3)

where £ is the thermoelectric power, the subscripts 1
and 2 refer to thermocells with electrodes reversible
to A+ and to X". respectively, 5(A) and 5(A+) are
the molar entropies of the metal A of the electrode
and of the A+ ions of the electrolyte (analogous
definition applies to 5(X2) and to 5(X- )) and Q is
the heat of transport of the mobile ionic species
(generally the cation). Equations (1) and (2) hold
only when AX is a pure ionic conductor, no matter
if it is solid or molten.
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F[d(e2- £] )/d F] = [Cp (A+) + Cp (X")]
—[Cp (A) + y Cy, (X2)]

(4)

which allows one to evaluate the molar heat capac
ity at constant pressure of AX,
Cp(AX) = [Cr (A++ C p(X-)],
when the Cps of the parent elements are known.
However, more significant would be an approach
to the single ionic contributions, viz. Cp(A+) and
C/,(X_), through a previous evaluation of the heat
of transport Q.
It must be mentioned that the relation by WagnerPitzer (WP in the following) [2, 3] for the single ion
contributions to the overall molar entropy of a salt
would provide a more direct approach to C,(A+)
and CP(X~~) in the case of a simple ionic melt and
of an ionic solid with Frenkel point defects. The
WP. however, would not be valid for the so called
"solid electrolytes", such as a-Agl, RbAg4I5 and
similar compounds, as well as for the high ionic
conductivity glasses, such as those obtained from
Agl and Ag oxysalt [4], mainly because of their
structural disorder. Accordingly, the procedure via
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thermoelectric power data might be of some rele
vance for these materials.
Thermoelectric power data for all the three stan
dard modifications of Agl. obtained either with Ag
or with I2 electrode thermocells, are reported in the
literature [5-9].
These have been employed in the present work to
compute Cp(Ag+) and C/7(r) . The corresponding
C„(AgI) = [Cp(Ag+) + C/,(T)] values for the x phase
are compared with the results of adiabatic calorimetry found in the literature. Analogous quantities
for the other phases of Agl have been obtained via
WP. These results allow one to obtain also the cor
responding trends of the molar ionic enthalpy vs. F.

2. Evaluation of the heat of transport
In previous papers, cf. [10], it has been suggested
that the classic [11] relationship
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present work and fitted as
= (25.47 - 15.75 • 103 F_l) R, [6],
£ ,,= ( - 4.29- 1.45 • 103 T~x) R. [6],
£,/ = (-6.02 + 8.71 • 10~4 F) R, [8],
£2o( = ( - 11.46 - 2.91 • 103 F " 1) /?, [9].
where 1 and 2 refer to thermocells with Ag or I2
electrodes, respectively, ß, 1 and / indicate the Agl
modification, R is the gas constant and F is dimensionless in numerical combinations such as these.
The evaluation of the heat of transport, Qa, in the
expressions (1) and (2) for £,a and £2, has been here
achieved by working out the difference ( £ ,/- £,,) at
the melting point, Ffus = 830 K; according to the
literature [7, 8], this difference is indeed negligible,
so that one has
(£ ,/-£ i,) = [S(Ag+, y) —S(Ag+, /)]r(us

Q ^ E .dCt> k T
for the migration of a single kind of point defect,
where Fact is the conductivity or selfdiffusion acti
vation energy, may be reasonably replaced by the
"numerical" equality
Q -E d

(5)

for many solid electrolytes. However, in some cases,
e.g. x-Agl, the experimental Fact is so close to k T
that it cannot be assumed to represent any simple
physical process, e.g. the jump of a single Ag+ ion to
the next neighbouring lattice site. Accordingly, the
expression (5), which is still based upon the "hop
ping mechanism" (simply amended for terms con
cerning the formation of point defects), should not
be directly extended to solid electrolytes with
£"act k T.
For these compounds a tentative evaluation of the
phenomenological quantity Q should be approached
through different assumptions, suggested by some
experimental evidence, e.g. by the variation of the
thermoelectric power at phase transitions, or by the
expected order of magnitude of the single ion con
tribution to the overall molar heat capacity.

3. The case of Agl
The experimental thermoelectric power data re
ported in the literature [6, 8, 9] are employed in the

This experimental result is here justified by assum
ing that no contribution is due to the "fusion" of the
Ag+ sublattice. so that
[S(Ag+,a ) - S ( A g +,/ ) ] rfus- 0
and
Q * ~ Q i= 14.6 kJ mol"1,
where the Qi value has been obtained [8] through
WP. With this Qx value one has
Cp(Ag+, y) = Cp (Ag) - F dex3/d T + Q J T

(6)

18100
312
\
+ ----- + 2.57 + 0.001 F /?.
F2
F
where (6) has been directly drawn from (1) by
assuming
as F independent.
Both Cp(Ag+, /?) and Cp(Ag+, I) may be obtained
via WP, viz.
CAAg\/?)=(5.51 -0.015 F+ 2.77- 10~5 F2) R . (7)
C„(Ag+,/) = 3.84/?,

(8)

from the values of the Agl molar entropy reported
in [12] and [13], respectively.
Thermoelectric power data, however, allow one to
extend the knowledge of the thermodynamic prop
erties of the Ag+ sublattice through an analysis of
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i.e.

the difference (£\ß —£|
[5(Ag+, y.) - S(Ag+, ß)]TlJI
- (Q ß- Q ,) /T x/i= - 4 .3 R .

C„(Ag+, / ) - C , ( I - , / ) ,
[6], (9)

Because of the variation of the transport numbers
of the Frenkel defects in ß-Agl, Qß does depend on
F, viz.
Q/i= t\ (Ff/2 + U\) —/v(Ff/2 + Uv), [2],
where Ff is the formation energy for a Frenkel pair
and F,, (7V, /j and tv are the migration energies and
the transport numbers of interstitial ions (subscript
"i") and cationic vacancies (subscript "v"), respec
tively. In a previous paper [6], it was found that
Qp = (2 t\- 1) 82.4 k J m o r1,
where the /, values reported there have been fitted
here as
/,= 1.31 - 1.41 ■10"3 F,

^ = (134- 0.233) kJ mol"1.
This value, introduced into (9), giv§
Tl ß [S(Ag+. a ) - 5 ( A g +./y)]rj/(
= AHxß(Ag+) = 6.14 kJ m o r 1

(10)

which, due to the result of [12] (viz. AHxß(Agl)
= 6.14 ± 0.3 kJ m o r 1) allows one to conclude that
the transition enthalpy change concerns only the Ag+
sublattice.
According to the above statements it follows that
[S(Ag+, 0£)]rfus ~ [S(Ag+, /)]rfut,
i.e.
[7/(Ag+, 3t)]rfus ^ [H(Ag+. /)]rfus.
while, from (6) and (8) one has
for

T > T xß.

Thence, the process occurring at Txß may be
considered as the "fusion" of the Ag+ sublattice
within the network of the
anions, which simul
taneously undergoes a second order transition (see
below). The latter sublattice melts at T= Ffus with
an enthalpy change corresponding to the whole
J / / fus(AgI) (viz. 9.4 kJ m o r 1[12]).
In the liquid state, according to PW
S(Ag+,/ ) - S(T, /),

[H(Ag+, 7)]r(us = [H (I~, /)]r(us + Ca
= [H(Ag+, a)]r,us = [//(I", a)]rfus + AH(us + C„
where Cy is an integration constant. Thus,
[7/(Ag+, y.)]Tlus= [H(Ag\ /)]rta= 77r(us(Ag+) may be
chosen as a suitable reference value for the enthalpy
of either sublattice, viz.
Tfus
H (A g\y) = HTtJ A g +) - j Cp (Ag+, a) d F
T> T,.p
and
H y . ) = HTfm(Ag+) —A H —Ca
Tfus
- j C/,(I", a) dF,
T> Tul
which gives
[7/(Ag+, a) - 7/(1", y)]T% =AHxß+ C ß
7-fus
—AHfus + Cy— j [Cp(Ag+. a ) - C „ ( r , a)] dF,
T,p

so that

C,(Ag+,a ) - C ,( A g +, / )

i.e.

where Cß is a constant of integration analogous
to Q .
Finally
r,„s
f [C,(Ag+, a ) - C , ( r , a ) ] d F
(11)
= (AHfas- A H Xß )+ (C ,-C ß ) - 3.14 kJ m ol"1,
if one neglects the difference (C^—Cß) and uses
AH^ and AHyß of [12].
Tlius (6-8), (10) and (11) allow one to obtain the
H(Ag+) and 7/(1") trends vs. F for all the three
standard modifications of Agl [see Figure 1].
As Cp(Ag+, a) - 3.85 R between Txß and Ffus,
from (11) one estimates
Ffus
C Cp(r, y.) dF - 9.95 kJ mol"1,
T,„
which gives
<7,(1", a) -2.92/? = const,

(12)

and. with (6).
Cp(y,Ag\)=Cp(Ag+. y )+ C p(\-, y) = 6.16R.
in agreement with the calorimetric findings [12. 14].
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Since, according to (7) and to WP, Cp{\~, ß )Tift
~ Cp(Ag+,ß )T, „=3.97 R, (12) would support the
interpretation of the process occurring in the I~
sublattice as a second order transition (viz. AH = 0
and ACp 4= 0) with ACp{\~) ~ R. The direct proce
dure to attain CP(I", a) via the expression
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Cp(l', x) = i Cp(I2) + T[de2 a/d F] - 0 3/7 \
analogous to (6), is complicated by the difficulty of
a proper evaluation of CP(I2). In the present case,
the latter quantity does not correspond merely to
the molar heat of gaseous I2, Cp(l2,g), but to that
of I2 adsorbed onto a Pt surface. A crude applica
tion of Langmuir's model would give
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Fig. 2. Molar heat capacity of the three standard modifi
cations of Agl: the curve drawn through the experimental
data reported in the literature [14, 16] for the alpha phase
is the sum of the c, d and c, e trends, evaluated in the
present work and corresponding to the single sublattice
contributions. The curve a, b corresponds to both Ag+ and
I" molar heats in the beta phase: they were evaluated ac
cording to WP. Filled circles: [14]; open circles: [16]. The
horizontal trend drawn for the liquid phase corresponds to
the data of ref. [15] and gives the underlying curve with
use of the Wagner-Pitzer relationship.
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where La is the corresponding heat of adsorption
(here assumed as T independent). A further compli
cation is due to the uncertainty of evaluating
F[d£2a/d7] from the experimental £2a data, ob
tained at various I2 partial pressures [9]. The latter,
when fitted vs. F, give indeed rather randomly
scattered slopes. Nevertheless, with Cp(\2, g) = 4.5R
[15] and assuming Fa ~ 14.5 kJ mol-1 [16], one has

Fig. 1. Enthalpy of the Ag+ and the I" sublattices in the
three standard modifications of Agl, computed according
to the equations of section 3. The enthalpy of the Ag+
sublattice at the melting point (point e) has been chosen as
zero. The straight lines a, b and e, f correspond to the
enthalpy of both Ag+ and I- in the beta and in the liquid
phase, respectively; the straight lines b, d, e and b, c, e
correspond to the enthalpy trend at the phase transition
and throughout the alpha phase for Ag+ and I-, respec
tively.

27400
with the mean d£2a/ d r value (viz. -----j— J mol
K-2, [9]).
T
The corresponding Cp(a-Agl) is in satisfactory
agreement with the calorimetric trend (see Figure 2).
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