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The ac ionic conductivity of the glassy system (Agl)o.s(AgPOs)o.s has been analyzed by
the logarithmic mixing rule. The analysis reveals that the rule is also applicable to Agl-based
oxide superionic glasses.

§1. Introduction

Many materials that exhibit the power law dispersion in the ac conductivity
consist of phases with different conductivity. The overall conductivity increases with
frequency. At lower frequencies, transport must extend over longer distances and is
limited by poorly conducting regions. At higher frequencies, localized charge carrier
motion contributes to a maximum in the well conducting regions.)) Almond et al.
have modeled the ac conductivity by a randomly connected resistance-capacitance
network where the conductive phase is represented by resistors and the dielectric
phase by capacitors.?®) According to the logarithmic mixing rule, the complex con-
ductivity of the network o* with z components can be expressed by?

Ino* = Zam Inoj, (1.1)

where o and o, are the complex conductivity and volume fraction of the z-th com-
ponent, respectively. The measurable bulk ac conductivity o,,eqs (real component
of 0*) can be deduced from Eq. (1.1) as

Omeas = (weeg)®(ac)! ™% cos(am/2), (1.2)

where o, and ¢ are the conductivity and relative permittivity of the conductive and
dielectric phases, respectively. €p is the permittivity of free space, and « is the
fractional volume of the material occupied by the dielectric phase.

The interesting point of the logarithmic mixing rule given by Eq. (1.2) is that it
leads to a power law frequency dependence of ac conductivity which is characterized
by the Jonscher’s universal relaxation law®

o(w) = 0(0) + A", (1.3)

where o(0) is the low frequency plateau in conductivity. This is often considered to
be the dc conductivity of the material. n is the power law exponent varying roughly
between 0.6 and 0.7 at room and higher temperatures® but is found universally to
rise to 1.0 at low temperatures.”) A is a constant given by

A =w;"0(0), (1.4)
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where w, represents the onset frequency of the dispersive behavior.

§2. Analysis of the ac ionic conductivity by using the logarithmic
mixing rule

Recently, Almond and Bowen have presented an experimental examination of
the R-C network approach by comparing the measured electrical properties of a
carefully selected and characterized real material system with those predicted by the
logarithmic mixing rule for a random R-C network.?) The two materials selected to
form the test system are the ferroelectric ceramic lead zirconate titanate (PZT) as the
dielectric phase and water as the conductive phase. An independent measurement
of the conductivity of water has been made, and it has been shown that at critical
frequency w,, the percolation conductivity of water through the PZT pore system
is a factor ~ 20 smaller than that of the water. They have also suggested the use
of this factor to estimate the actual conductivity in other systems. At the critical
frequency, the measurable bulk ac conductivity omeas given by Eq. (1.2) has been
approximated as 10 times the dc conductivity ¢(0), i.e.,

Omeas =~ 100(0). (2.1)

Inserting Eq. (2.1) into Eq. (1.2), the value of o has been extracted for the
water-PZT system. The obtained results (¢ = 0.78) are found to be in excellent
agreement with measurements.

Based on this finding, we have verified the applicability of the suggestions made
by Almond and Bowen in the (Agl);(AgPOg3);— glass system (with z = 0.4). In this
case the relationship between the conductivity of Agl, o., and the dc conductivity
o(0) is written as

o. = Ba(0), (2.2)

where J is a constant. A widely employed practice has been used to fit experimental
data by adding the dc conductivity to the measurable bulk ac conductivity.!)-#)?)
Thus Eq. (1.2) can be written as

Omess = (weeg)®(oc)! =2 cos(an/2) + o(0). (2.3)
The fractional volume occupied by AgPQO3 has been calculated from

_ (1-=z)M;
= M=o M +z(p1/p2) M3’

(2.4)

where M; and M, are the molar weights, p; and p; are the mass densities of AgPO3
and Agl, respectively, z is the mole fraction of AgPOj3. Data of p; and ps have been
taken from Refs. 10 and 11, respectively. The relative permittivity e has been taken
from Refs. 11 and 12. The results obtained for different values of 8 are shown in
Fig. 1. A comparison with experimental data!?) is also indicated.
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Fig. 1. The ac conductivity of Aglo.4(AgPOs)o.c at 151.8 K. Solid and broken lines are calculated
from Eq. (2.3) for different values of .

§3. Discussion

The explanation of the power law (mixing rule) has been based on the following
conditions:?)

1) The material must have a microstructure, i.e., a network of interconnected
conductive and dielectric phases.

2) These phases must be well characterized and frequency independent in the low
frequency range.

3) Commonly, in the frequency range ~ 10° — 10’ Hz, the power law dispersion
must occur.

Although the glass system Aglp.4(AgPO3)0.6 under consideration is not an ideal
mixture of conductive and dielectric phases, Eq. (2.3) can reproduce quite well the
experimental data if we choose 8 = 1. From the study on the water-PZT system,
Almond and Bowen have suggested that at critical frequency, the actual conductivity
of other systems can be estimated as 20 times the dc conductivity ¢(0). As it
can be observed in Fig. 1, this suggestion is not compatible with our results. In
addition to the case of water-PZT, the validity of the assumption o, = 200(0) has
been also verified in the systems of Na-3 alumina, NapO-3SiO2 glass, LiCl-H;0, 12
mol% Yttria-zirconia, and Carbon black in thermoset resin.?) It will be interesting
to investigate to what extent this relation is valid in different materials systems.
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§4. Conclusion

We have analyzed the ac conductivity in glassy Aglo.4(AgPO3)o.6 by using the
logarithmic mixing rule. A good agreement with experimental data has been found.
A relationship between the actual conductivity of the conductive phase and the dc
conductivity has been proposed to better fit the experiment data for the materials
which exhibit the power law ac conductivity. This work reconfirms the suggestion
made by Almond et al. that the power law dispersion found in the electrical response
of materials can be satisfactorily explained by using the logarithmic mixing rule.
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