cult, and f, 1s measured using a marginal oscilla-
tor and frequency counter. The change in fr with
pressure reflects change in the product IC. Now,
the change in the inductance of the coll can be
measured accurately in a separate experiment using
the coll technique for compressibility measurement
mentioned earlier. Thils also determines the com-
pressibility. The change in capacitance of the
condenser reflects a dimensional change and change
in the dilelectric constant of the sample. This
follows from the relationship for the capacitance
of a parallel plate condenser; namely
A

C =€ (8)
where €5 1s the permlttivity of free space, € is
the dielectric constant of the sample, A 1s the
surface or plate area of the condenser, and d is
the plate separation. The effect of the dimen~
sional change on C can be calculated from the
known compressibility. Fortunately, this effect
turns out to be much smaller than the change due
to €, even for low dielectric constant materials
(21,22). Thus we see that the various effects can
be separated out and the dielectric constant de-
termined.

MEASUREMENT OF IONIC CONDUCTIVITY IN SOLIDS

Two methods have been used generally for

studying lonic conductivity in solids. The first
1s the conductance method. Sample conductance is
measured with an impedance bridge. Alternating

current 1s used to eliminate electrode-polariza-
tion effects. The second method 1s the tracer-
diffusion method. Here a long period of time is
generally needed for the tracer to diffuse an ap-
preciable distance through the solid. Data on
ionic mobilities and diffusion coefficlents are
obtained by sectioning and analyzing the sample.

A novel approach for possible use in the study
of ionilc conductivity under pressure is that of
the recently developed solld electrolyte ilonic
cell (gé). The cell consists of a sequential lay-
ering of the following components: A metal anode,
a metal halide, an oxldizing agent, and a cathode.

One example 1is

Ag - AgI - MnO, - Au

where Ag 1s the anode and AgI 1s the ionic con-
ductor. Cells such as thils produce voltages of
the order of 400-600 millivolts. The electrochem-
ical reactlion can be described as

Ag—> Agt + 1e
le + Mn4+—9 Mn3+

and the overall reaction:

Ag20

In low-resistance circuits, current flow in
such cells is inefficient and nonlinear. However,
in high resistance (essentially open) cilrcuits,
they perform qulte satisfactorily with cell volt-
age remaining constant for a long period of time.

A typical response curve of voltage versus
pressure at room temperature is shown in Fig.l7.
The peak below 5 kbars is associlated with the
phase transformation in AgI. In the high-pressure
phase, the voltage drops nearly exponentially with
pressure and is practically zero by about 70 kbars.
This behavior 1s reversible. At higher tempera-
tures, at least up to 400 ¢, the response 1s mere-
ly displaced to higher pressures.

Current flow 1s belleved to be by diffusion
of the charge carriers (Ag+ lons in the present
case) through the lonic conductor by a defect
mechanism. High pressure thus appears to stabi-
lize the structure of the ionic conductor to re-
strict the diffusion of the carriers. Such be=-
havior is consistent with the conduction mechanism
proposed by Kurnick (27) as a result of his stud-
les on AgBr using the conductance method.

The pressure response of cells using AgCfZ and
AgBr has been found to be quite similar to that
in Flg.l7 except that the absolute value of the

+
2hg" + 2e + 2Mn0,— Mny03

Fig.17 Typical response for the
ionic cell at 25 C. The cell assem-
bly is as indicated

voltages are different. By doping the lonlc con=-
ductor with selected impurities, for example with
a salt whose catlon or anion is of a different
valence, and studying the response of the cell as
a function of pressure and temperature, it appears
posslble, at least in principle, to obtain infor-
matlion about the mobilities of vacancles and in-
terstitials as well as the activation volumes of
both Frenkel and Schottky defects.
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