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On the Discharge Mechanism of Silver/Alkylammonium Polyiodide Solid
State Cells
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The cathodic discharge process for solid state cells of the type:
Ag/RbAg,ls/RyNI,;, C (1)

where R NI, is an alkylammonium polyiodide with R = CHj, C,Hjy and

n =3 - 9, should involve, according to Oxley and Owens [1], the formation
of materials having high ionic conductivity, such as R ,NI-xAgl, with x = 5 -
7. A similar mechanism has been recently proposed for cells in which sulpho-
nium polyiodides are used in connection with silver solid electrolytes based
on sulphonium iodides [2]. In both cases the proposed mechanism is founded
on the relevant experimental observation that the cell resistance is nearly
constant during the discharge, while it should increase if silver iodide is
formed at the cathodic interphase.

Two hypotheses can be considered: (i) silver iodide, formed as primary
discharge product, does react with the alkylammonium iodide to form a high
conductivity material; (ii) a high conductivity material is primarily formed.

Within a systematic study of the kinetics of the solid-state reactions
between silver iodide and tetraalkylammonium iodides by conductivity
measurements and microscope observations, with the reactants in the form
of mixtures of powders and of separate pellets, respectively, we demonstrated
that the rate of formation of high conductivity compounds is negligibly
small at room temperature, even under the most favourable conditions (i.e.
intimate mixture of the reactants). However, at higher temperatures the
kinetics appear to be different as indicated in Figs. 1 and 2 which show the
conductance as a function of time at different temperatures of symmetrical
cells of the type:

Ag/mixture/Ag (2)
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Fig. 1. Conductance vs. time of a mixture (CH3)4NI-AglI (mole ratio 0.13/0.87) at various
temperatures. '

Fig. 2. Conductance vs. time of a mixture (CoHg)4NI-Agl (mole ratio 0.13/0.87) at
various temperatures.

The mixtures of Agl and the alkylammonium iodide had compositions
corresponding to a mole fraction of Agl of 0.87*. The mixtures have been
prepared according to the method of Owens {4]. The pellets (0.7 g of mix-
ture, 1.2 cm in diameter) obtained by pressing the powder at 2200 kg/cm?
were kept at the chosen temperature in an inert gas atmosphere. The conduc-
tance was measured at 1592 Hz by a Wayne & Kerr B-331 MK11 bridge.

The plots show that it is necessary to reach a temperature > 85 °C to
have a detectable rate of formation of the high conductivity products. At
room temperature the rate of both reactions is negligible. It is therefore
possible to conclude that in cells of type (1) the cathodic process does not
involve the primary formation of silver iodide.

The results recently obtained by Kopchekchi et al. [5] seem to confirm
the general validity of a mechanism implying the direct formation, through
an electrochemical process, of materials having high ionic conductivity. These
authors could indeed demonstrate, by potentiodynamic measurements, that
in the case of the cell:

Ag/RbAgyls/(CoHg)aNI4, C (3)

*This composition corresponds, according to Geller and Lind [3], to the conductive
phase (CH3)4NgAg; 311 5. In the case of the system based on tetraethylammonium iodide,
the composition of the conductive phase is not known from X-ray studies. The chosen
value of x og1 = 0.87 is very close to the maximum in the conductivity—composition plot
determined by Owens [4].
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the cathodic discharge products are Agl and the solid electrolyte (C,Hg),NI-
5Agl. Apart from a possibly slightly different formulation of the conductive
phase, the cathodic reaction:

(CoH3)4NI, + 6Ag* + 6e” —» (CyHg)yNAgglg + Agl

may be considered. This appears to be in agreement with the discharge char-
acteristics of a cell in which high conductivity complexes are formed by direct
electrosynthesis. The hypothesis of the electrochemical generation of high
conductivity species in a cell of this type put forward by Owens is therefore
both experimentally confirmed and supported by other studies carried out
since the original study. ‘

We are indebted to Dr. B. B. Owens for helpful discussions. The research
was supported by C. N. R. (Consiglio Nazionale delle Ricerche) of Italy.
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