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CONDUCTIVITY FLUCTUATIONS IN FAST IONIC CONDUCTORS

FINAL REPORT

This project has studied electrical conductivity fluctuations in superionic solids as a
way of understanding transport and electrode properties of solid electrolytes. The research
effort has concentrated on the NaP and NaB"aluminas because of their high ionic
conductivity, potentially important technological applications, and the ease with which the
mobile sodium ions can be exchanged for a number of mono- and di-valent cations. Both
single crystal and ceramic specimens of sodium, silver, lead, and calcium B"alumina have
been examined, as well as mixed Na/Ag and Na/Ca conductors.

The research results obtained on the project have been reported in the 21 Technical
Reports and 19 published papers listed in the following pages. Briefly, three different
electrical noise processes are observed in both single crystal and ceramic samples. In the
absence of electric current and at frequencies above about 100 Hz Nyquist noise
corresponding to the bulk electrolyte resistance is observed. This makes it possible to
measure electrolyte conductivity in equilibrium and over a range of frequencies free from
interfering contact effects. Below 100 Hz noise associated with amalgamation reactions at
the electrolyte/contact interface is measured when amalgam contacts are employed. With
other contact solutions (e.g., Nal in propylene carbonate) noise characterized as ionic shot
noise during the build-up of an electric double layer at the interface is dominant.

In the presence of current, all of the solid electrolytes examined exhibit conductvity
fluctuations attributable to diffusion noise of the mobile ions, which is a direct experimental
proof that electrical conduction is by diffusion. The observed noise levels are much larger
than predicted on the basis of a simple interpretation of the standard theory of diffusion
noise, which is based on independent diffusing entities. However, it appears that by
focusing on the diffusion of ion-vacancy pairs in single conduction planes, it is possible to
account quantitatively for the observed noise. Furthermore, the analysis indicates that
fluctuations in adjacent planes are correlated and that correlations arising from in-plane
coulomb forces are negligible. A full description of this more sophisticated analysis is

being prepared for publication.
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