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I. Summary ot' Scientiiic Progress

A stead7 prog-r,es:¢is _ein__made in all areas of rezearch proposed for this pealed. Indeed,

an z::clt:,q_ pr,_ress is ac',',..... ec:ed in the frequency dependence of ionic conduc_vitv and in

:_tomist:c "re:_,tments :._f,.....';'._'-:"":........ diff'2sion based on the proeress., made in ",n..,{.,_,.'-'_.'-'[od.In the

foilo,.ving, a brief :recount or"work done during this period (Febn.r,..u,,,,1991 -/anupa'y, 1992) is

gi,ee=_.
1

1..-_pplication of the C!uster Variation 5,lettlod for the Calculation of the Per_:olation

Problem

The proble:n wlze:i_.er,_-a!umina type compounds can become mixed conductors by

doping mixecl valent ions v,'as treated by the Cluster Variation Method. The same problem ,,,,'as

treated by a higher degree Or"approximation this time and was presented at the SSI (Solid State

Ionics) - 8 meeting held in October, 1991 at Lake Louise, Alberta, Canada (paper #6). Ba.sed on

the assumption that the elec._ronic conduction in [3-alumina is due to the hopping of small

polarons to the nearest neighboring ions on the octahedral sites in the spinel block similar to

that in magnetite, the triangle-te_ahedron approximation of the Cluster Variation Method gives

the percolation threshold of 0.3.9 for the required concennation of' mixed valent ions on the

oc:ahedral sites compared to tl.e '_va,ue 0.24 obtained by the pair approximation. A specific

, '" ,q _,[3-alumina type compoundsinterest of this work is in :tee:tic to .:he intrinsic interest in makin:

a mi.xed conductor, to treat a ee."coiation problem in the specific t,,vo dimensional conduction

' "rlayers consistin_,_,of two Ka,.z.om,._!avers connected by a middIe triangular., lattice laver, in the {3-

_" alumina type structure...li
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2. Atomistic Treatments of Chemical Diffusion

The basis for chemical diffusion process has been first established by Darken by means of

irreversible thermodynamics. However, Darken's formalism corresponds to the molecular field

approximation of the problem. This is due to the fact that the formalisrn of irreversible
I

thermodynamics deals with the motion of a homogeneous assembly rather than the average of

the time correlation of the motion of individual particles. In order to deal with such a problem,

it is necessary to treat the problem by statistical mechanics from an atomistic point of view.

Even in _he atomistic approach, we found that the original PPM gives a similar result to

that of Darken even in the pair approximation. This difficulty is found to be removed by the

application of the time conversion process based on the pair approximation of the PPM.

The point approximation (molecular field approximation) of the PPM is, on the other

hand, self consistent and does not require the time conversion process. Although this is

equivalent to the Darken's approach, we treated the chemical diffusion process in ternary

systems with the point approximation from an atomistic point of view in order to examine the

feasibility of the treatment by the atomistic approach in the higher approximation. The papers

#1 and #2 represent these results.

3. Frequency Dependence of Ionic Conductivity

As stated in the research program for this funding period, the major aim of this project is

to understand the mechanism of the relaxation process generally observed in structurally

disordered solid electrolytes. The process is often termed "universal dielectric response" if the

frequency dependence of conductivity and permittivity is considered. The relaxation process

shows distinct non-Debye characteristics. At this moment, no appropriate analytical theory

exists to explain this behavior.



We found that the pair approximation of the PPNI with the time conversion process

essentially deal with this problem appropriately (paper #5 which was presented at SS1-8

meeting, last October). Although numerical calculations for individual cases are yet to be

made, this work represents the most exciting progress made this ye:u'.

4. Difftxsion Process in Semiconductors

Although the formulatq.on of diffusion equations charac:eris:ic :o se:v2canductors is

completed, the cluster size required for a systematic treatment by the PPM of a va.rie_.y of

problems in semiconductors becomes extremely large and we found this make:; :he analytical

treatrqent not feasible. Because of exciting progress in the treatment of frequenc'..' dependence

of ionic conductivity and in atomistic chemical diffusion, the effort on this proiec: is reduced at

this mon-_ent.

5. Formalism of the Path Probability' Method

Upon the invitation from the Japan Institute of Metals, a review paper "Path Probability

Method of Irreversible Statistical Mechanics" was written for Materials Transactions, JIM

(paper #4). Here, the formalism of the Path Probability method is examined in order to explore

the applicability of the method to a variety of kinetic problems, especially to transport

problems. This work was instrumental to the progress of the research on the frequency

dependence of ionic conductivity.

6. Theoretical Aspects of 5Iixed Alkali Effect

Upon the invitation of the American Ceramic Society, a review paper "Theoretical

Aspects of Mixed Alkali Effect" was written in Ceramic Transactions, Vol. 20, Glasses for

Electronic Applications (paper #3). Here, it is shown that, by means of the pair approximation

of the PPM with time conversion, how general characteristics of mixed alkali effects can be
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explained as general characters of ionic conductivity in interacting binary systems. Here, the

concept of percolation efficiency defined by the ratio of the ionic conductivity at zero frequency

and at infinite frequency _(0)/_(_) plays an important role. Therefore, the study of the

frequency dependence of ionic cc.nduc:ivity constitutes an !moortant part of :he stud)' of mixed

alkali effect.
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