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Determinations of the initial thermoelectric power were carried out at 1000 K in the whole
composition range of the molten systems Agl—Ag,X0, (X=Mo, W). For the composition Xagi=
0.8 the investigation was extended to the variation of the thermal emf at the “melting point” of the
electrochemically noteworthy glass-like phases, obtained through rapid quenching of the melt. The
hypothesis that these glass-like materials could keep the melt configuration at room temperature
is contradicted by the results on the molten systems; more complex interpretations, based on the
behaviour of the thermal emf at the “m.p.” are proposed.

Introduction

Noteworthy ionic conductivity and electrochemi-
cal properties were recently observed in some elec-
trolytes obtained from Agl and Ag oxysalts!73.
From X ray diffraction patterns and the softening
phenomena much below the transition to the liquid
state it was concluded that such materials have a
glass-like nature?. This, however, cannot explain
the fact that these peculiar properties are observed
just in a very narrow composition range (75--80
mole% Agl, depending on the particular system)?.
Also, the glass-like nature itself can’t be the main
reason of the peculiar electrochemical properties
since other glass-like materials containing mobile
silver ions show a “normal” behaviour ©.

The present work is an attempt to attain some
information about the thermodynamical and trans-
port properties of the silver ions (the only carriers
in these electrolytes) on the basis of determinations
of the initial thermoelectric power.

The preparation of these materials requires a
rapid quenching of the melt. Therefore it was ten-
tatively supposed that the obtained glass-like phases
keep the configuration of the corresponding melt.
More complex interpretations are suggested, how-
ever, by the thermoelectric power variation at the
“melting point” of these materials.

Experimental

Agl (Merck LAB) was directly employed after
drying. Ag,MoO, and Ag,WO, were prepared by
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precipitation from aqueous AgNO; (Merck p.a.)
with Na,MoO, and Na,WO, (Merck p.a.), respec-
tively.

The quenching procedure for the preparation of
the electrolytes and the apparatus for thermo-
electric power determinations were reported else-
where3 4 7. 8,

The heat of fusion of the glass-like electrolyte
Aggl, WO, was estimated through DTA by com-
parison with the heat of fusion of NaNO;?, the
melting point of which is 7}, =306 °C, i.e. close
to that of Aggl,WO,, 293 4+ 298 °C 4.

Results and Discussion

a) Molten Systems

Initial thermoelectric power data obtained for
molten salt binaries were worked out in previous
papers 7 on the basis of Temkin’s model for ionic
melts; however, as in the present case the com-
ponents of the binaries have differently charged
anions, the following statements are more adequate:

1) true molar fraction of Ag*

nagt 2— XAgI

XA Fomg — D e D
g "
nagt+nr+nxo; 3 —Xagr

2) molar entropy of the components
Sagr = (Sag") ae1+ (Sr) agr = [(°Sag?) ag1—RIn1/2]
+[(°Sr)agr—RIn1/2]
Saex0s =2(Sag") agx0s + (Sx07) Ag.X04
=2[(°Sag*) Agx0, — R1In 2/3]
+ [ (°Sx07) agsxos —R1n1/3]
where the quantities —»; RIn X; (»; and X; are the

number per molecule and the molar fraction, re-
spectively, of the i-ion) are the ideal configurational
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entropy terms, whereas the (°S;)’s contain the other
entropic contributions.

3) partial molar entropy of Ag* in a mixture

(SAg*) Xag = (05A3+) Xag — R1n XAg+
_ (OSAI{) X — RIn £ " ZAgl

4) transport quantities, referred to the common
ionic species Ag®,
ti+tx0, =1
where the ;s represent the ionic Hittorf transport
numbers. Accordingly, the expression for the initial

thermoelectric power will contain only the heats of
transport, Qr* and Q%o -

With these four conditions the expression of the
initial thermoelectric power, F ¢ (F is the Faraday’s
constant), for a silver electrodes thermocell as es-
tablished by thermodynamics of irreversible proc-
esses, 1. €.

Fe=S8y;—Sas— Z(ti/z;)Q,-*/T (z; = ionic valence)

becomes in the present case
Fe=S5— (°Sag);
+RInXpg — Z [(&/z) (Q*/T)]1;
(Gj=1,2,3%).
In the discussion P; = F ¢ — Rln X,e*, which
contains only directly detectable parameters, will

be more suitably employed. Such a function is as-
sumed to behave ideally when:

a) (°Sag)s=X;("Ss¢?) 1+ X, (%Sas’)zs

b)  (Q*)s=(Qr*); and (Qxo0.) ;3= (QX04)2,
c) ti=X; and itxo,=4X,,
so that

(Ps)ia=Sag— [X1(°Sag*) 1 + X5(°Sag?) 2]
+ X, (Q1*)o/T + X3(QX04/2) o/T =X P + X, Py

is linear between the limits P; and P, .
Deviations from this behaviour may therefore be
due either to an excess entropy term defined as

(SXe+)s = ("Sag’)s — [X; (°Saw) 1 + X2 (*Sax) ]

or to formally analogous excess transport quantities.

Table 1 reports the experimental Feé’s and the
calculated P’s for both systems at 1000 K. Devia-
tions from the ideal behaviour are shown in Fig-

* In the following 1=Agl; 2=Ag,X0,; 3=molten mixture.
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Tah. 1. Thermoelectric power and P values for the molten
systems Agl—Ag,MoO, and Agl—Ag,WO, at 1000 K.

Agl—Ag,MoO, Agl—Ag,WO,

XAgl —F ¢g(eu.) —Ple.u.) —Feg(en.) —P(e.u.)
1.00 11.1 9.7 11.1 9.7
0.95 11.0 9.7 10.8 9.5
0.90 10.8 9.5 10.6 9.3
0.80 10.4 9.2 10.4 9.2
0.70 = - 9.9 8.8
0.60 9.3 8.2 - —
0.50 8.1 7.1 8.4 7.4
0.40 8.0 © 7.0 — —
0.33 8.1 7.2 75 6.6
0.20 8.2 7.3 7.6 6.7
0.10 8.3 7.5 8.1 7.3
0.00 8.3 7.5 8.6 7.8

ure 1. Such deviations are the largest at X .1 =~ 0.5
for the systems containing Ag,MoO, and at X,
== 0.33 for the system containing Ag,WO,; at these
compositions the corresponding phase diagrams re-
port intermediate compounds incongruently melting
at 523 K and 613 K respectively. Conversely in
both systems no particular observation can be made
about the P behaviour for the composition X,
=0.8 at 1000 K and lower T"s.
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Fig. 1. P vs composition for the molten systems
Agl—Ag,;Mo0, and Agl—Ag,WO, at 1000 K.
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Therefore this composition range is not as im-
portant in the molten systems as in the glass-like
phases; this observation seriously contradicts the
simple hypothesis of a quenched liquid state.
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In Table 2 values for the molten and solid phases
at the m.p. are reported for some ionic conductors
together with the entropy of fusion per silver ion
contained in the molecule, 4S,,=A48S,,/vs." .

b) Investigation at the “Melting Point” i £
15 i SYSTEM Agl—AgzMoO4
The initial thermoelectric power of the glass-like PR Xo= 08
electrolytes of composition X, =0.8 was deter- —(:‘,,, b g I
mined from room temperature to the point where a " soue ?_ g .\\_@\r Have
softening or decomposition process occurred. 0 zd I Ee—
The former is the case with the system containing :
Ag,Mo0, , which becomes very soft and cannot be 4, s ;| [BYSTEM, Agl-Agw0;
longer held between the electrodes at about 70 °Cs e b a ‘ Xagi =08
therefore it is difficult to attain any reliable con- tevin soLip %W“"U'“
clusion about the Fe& behaviour at the “melting o . -
o 100 ' 360  séo 700 9bo

point”.

As for the system containing Ag,WO, a decom-
position process occurs at 298 °C, very close indeed
to the definite passage to the liquid state (300 °C).
In this case a comparison is possible between glass-
like and molten material. Figure 2 reports the
dependence of Fe on T for both systems.

It is noteworthy that at the “melting point” of
Agel, WO, the observed Fe discontinuity is quite
small, i. e. less than 10%. An analogous dependence
has been observed for Agl, RbAg,I; and other high
conducting ionic solids containing Agl. Therefore
a comparison with such products seems to be re-

liable.

T°K)

Fig. 2. Thermoelectric power vs T for solid and liquid
4 Agl : Ag, X0, (X=Mo, W).

The last column reports the data of AgCl, a salt
showing ordinary structural disorder and low elec-
tric conductivity.

_The comparison between the quantities 4F & and
A4S,, may have a particular meaning in the case of
high conducting electrolytes since transport contri-
butions to the thermoelectric power are small and
close to each other in the solid and liquid phases;
so that 4F ¢ is a reasonable estimate of the partial

Tab. 2. Thermoelectric power of solid (F &) and liquid (F &) electrolytes at the respective melting points; entropies of
fusion per equivalent of Ag, 4Sm=A4Sm/vAg+; heats of transport in solid (Q%X.+)s, and liquid, (2 (ti/z;) Qi*/T)1, phases.
(a) value extrapolated at 505 K; (b) value obtained as 1/4 (4/5 4Sm) according to a procedure proposed in reference (10) ;
(c) value obtained from the slope of F &5 vs 1/T: discrepancies with respect to reference (18) may depend on the wider
range of T’s here investigated and on the different preparation procedure of the samples; (d) —F & at 343 K and —F ¢ at

500 K.
Agl RbAg,I; Aggl, WO, 4 Agl:Ag,MoO, AgCl
Tm=829K “Tm”=505 K “Tm” =566 K Tnm=728K
—F & 12407 (10) 10.5 (10) 12 14 d 125 (14)
(e.u.)
—Fgq 11.1 (7 9.9a (7 11.2 114 9.3 (15)
(e.u.)
A(F €) 0.9 0.6 0.8 = 3.2
(e.u.)
A8m 2.7 (11) 2.96b  (12) 2.5 = 40 (16)
(e.u.)
(Q2e)s 2.9 (10) 2.1 (10) 0.7¢ - 6.6 (14)
(kcal mole—1)
3.4 (7 3.2 13) = — 23 (15)

(712,
Y2z T
(kcal mole—1)
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molar entropy variation of the silver ions through
the melting point, i. e. the Ag* contribution to 4S,,.

The entropy of fusion of AgsI;WO, has been
here evaluated from a DTA determination of the
heat of fusion (about 8.3 kcal mole™!, see Figure 3).
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Fig. 3. DTA trace of solid 4 Agl : Ag;,WO, compared with

that of NaNO;? for the quantitative determination of the
heat of fusion.

The data in Table 2 concerning Agl, RbAg,l;
and Aggl,WO, are close to each other and therefore
it seems reasonable to suggest that AggI,WO,, as
well as RbAg,l;, may be compared to the a-phase
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of Agl both regarding electrochemical properties
and the state of the silver ions.

However another interpretation is still possible.
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