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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents .of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



... fJ: 

. . :.-· 

ABSTRACTS 

~·· 

-~1-----
, l.akcTahcK: .s..:; 
~· 

5TH 
INTERNATIONAL 

CONF.ERENCE ON 
·, . . . 

SOLID -STATE 
.· ·IONICS 

Lake Tahoe 
USA 

AUGUST· 18-24, 1985 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

This work was supported by the U.S. Department of Energy under Contract DE-AC03-76SF00098. Additional support was received from the U.S. Office 
., I 

of Naval Research. 



INTERNATIONAL 
SCIENTIFIC ·cOMMITTEE 

J. B. Bates- Oak Ridge National Laboratory, USA 

E. Budevski - Central Laboratory of Electrochemical 
Power Sources, Bulgaria 

S. Chandra- Banaras Hindu University, India 

W. Dieterich- Konstanz University, W. Germany 

G. C. Farrington - University o~ J=lennsylvania, USA 

P. Hagenmuller- CNRS Bordeaux, France 

M. Kleitz - INP. CNRS Grenoble; France 
,. ' 

B. B. Ower,s- Medtronix, Inc., USA .. , 

B. Sapoval ...: Ecole Polytechnique, Palaisseau, France 

J. Schoonman -Utrecht University, Netherlands 

H. Schulz -University of Munchen, W. Germany 

B. Scrosati - University of Rome, Italy 

B. C. H. Steele~ Imperial College, London, UK 

T. Takahashi - Nagoya, Japan 

U. Von Alpen- Varta Batteries AG., W. Germany 

C. A. Vincent- St. Andrews University, UK 

'W. Weppner - Max. Planck, Stuttgart, w. Germany 

CO-CHAIRMEN 
;James B. Boyce, Xerox Palo Alto 
Research Center · 
Palo Alto, CA 94394, USA 

Lutgard C. De Jonghe 
Materials and Molecular Research Division 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720, USA 

Robert A. Huggins 
Department of Materials Science and Engineering 

· Stanford. University 
Stanford, CA 94305, USA 

LBL CONFERENCE COORDINATOR 
Peggy Little 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720, USA 
(415) 486-6386; FTS: 451-6386 



PS/A-1 

PS/A-2 .... ,..-

PS/B-1 

PS/B-2 

PS/C-1 

PS/C-2 

PS/D-1 

PS/D-2 

PS/E-1 

PS/E-2 

PS/F-1 

PS/F-2 

PS/G-1 

PS/G-2 

_ ... 

ABSTRACTS OF PLENARY LECTURES 

D.W. Murphy 

H. Schulz 

Insertion Reaction Electrode Materials 

Application of Diffraction Methods to Study 
Fast Ionic Conductors 

M. Armand Polymer Electrolytes 

P. Vashishta Use of Computer Simulation Techniques to 
Study Atomic Migration in Solids 

A. Clearfield Stoichiometry, Structure and Conductivity of 
Nasi con 

B. Sapoval Dynamics of the Creation of Fractal Objects 
by Intercalation 

B. Dunn Recent Develo:pments in Beta Aluminas 

I. Raistrick The Application of Impedance Spectroscopy 
to Problems in Solid State Ionics 

P. Heitjans Use of Beta Radiation-Detected NMR to Study 
Ionic Motion in Solids 

S. Li u AC Response of Fractal Interfaces 

C.A. Angell Recent Developments in Fast Ion Transport 
in Glassy and Amorphous Materials 

P. Dickens Hydrogen Insertion Compounds of Transition 
Metal Oxides 

M. Kieitz Solid Ionic Conductors in Chemical Sensors 

F. Salzano . Application of Solid Oxide Electrolytes to 
Water Vapor Electrolysis 



'"d 
1-' 

PS/A-1 

,,- ''I 

Insertion Reaction Electrode Materials 

D. W. Murphy 

AT&T Bell Laboratories 
600 Mountain Avenue 

Murray Hill, New Jersey 07974 

The variety of materials that undergo reversible redox 
intercalation reactions will be reviewed with a 
concentration on structural aspects. Comparisons between 
different polytypes of the same overall composition such as 
layered, cubic, and amorphous ns2 and rutile, anatase, (B), 
and spinel TiO will be discussed to illustrate the 
importance of ~tructural features on lithium insertion. The 
effect of structural changes on the reversibility of 
insertion reactions will be illustrated using Reo

3 
related 

shear structures as examples. 
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APPLICATION OF DIFFRACTION METHODS TO STUDY FAST IONIC 
CONDUCTORS 

Heinz Schulz, Institut fur Kristallographie und Mine­
ralogie, Universitat Mun~hen 

Diffraction experiments with X-rays or neutrons allow 
to measure the positions, the form and the intensities 
of Bragg reflections and to measure intensities in the 
reciprocal space between the Bragg reflections (Zwi­
schenreflex-Streuung). The intensities of the Bragg 
reflections can be used to investigate the average 
structure of a crystalline ionic conductor. The aver­
age structure shows: Positions of the framework- and 
mobile ions,·occupation probabilities of the positions, 
directions and magnitudes of thermal vibrations, dif­
fusion paths of the mobile ions. The form of the Bragg 
reflections is influenced by local distortions, ar­
rangements of grain boundaries and so on, which may be 
importend for the ionic transport mechanism. The 
"Zwischenreflex-Streuung" may show strong features. In 
this case ~hort range order effects, e.g. domain for­
mations, may be present. Examples for these kinds of 
investigations will be presented for the fast ionic 
conductors based on the NASICON and fluorite structure. 

MUnchen, 5. July 1985 
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Polymer Electrolytes 

M. Armand 

Laboratoire d'Energetique Electrochimique CNRS LA 265 

6.75 -38402 SAINT MARTIN D'HERES - FRANCE 

** 
Examples of polymer-salt complexes formation are rapidly growing, as an inter­
national effort is aimed at the understanding and improvement of solvent-free 
electrolytes for battery applications. 

On one hand, PEO remains the archetype of the solvating-backbone polymers, 
and its complexing power was found to extend well beyond the alkali-metal 
salts. For instance, all the alkaline-earth salts with I- and Cl04- dissolve in 
PEO, (1) showing that the free energy for solvation of the cation is always 
favorably negative, and the complex formation is solely governed by the charge 
dispersion of the counter-anion. However, the "hard" donor properties of the 
ether oxygens cannot compete in the case of "soft" ions interactions; neither 
Agl or Pbi2 form complexes, while the corresponding Cl04 salts do. 
This high complexing ability is also found in other polymers whith grafted short­
chain PEO synthons, like in the poly(phosphazenes) (2). 
On the other hand, only scarce examples of complexes including multi-charged 
anions are known, as the restriction on charge density becomes increasingly 
difficult to meet. 

It is now well established that the ionic conduction only takes place when seg­
mental chain motion is present (3). As a consequence of this quasi-liquid beha­
vior, there is no selectivity in ionic motion, both anions and cations being 
mobile. Elucidation of the conduction mechanism and the choice of techniques 
for the measurement of the transport properties must be done very cautiously 
as the Nernst-Einstein equatior] . is not always valid in these low-dielectric 
constant compounds. 

· It is relatively easy to block the cationic conductivity to obtairi t- = 1 elec­
trolytes, as in PEO-Mg(ClO 4) 2 (4), but attempts to prepare· a t• = 1 complex 
important for most electrocf\emical. ·applications has been so far moderately 
successful; binding the _anions to another polymer results, up to now, in poorly 
conducting compounds (5) .. Results with Nafion-PEO alloys shall be presented. 
Also, the attachment of an anionic complex to the PEO backbone through a 
donor-acceptor bond does not- warrant an electrochemical stability window large 
enough for lithium metal utilization.· · 

So far, the simple liClO 4 or liCF3 so3 complexes, despite their low cationic 
transference number, have been successfully used in batteries, provided that 
the back-diffusion of the salt concentration gradient is fast enough at the 
temperature of operation. 

(1) J.M. CHABAGNO Th~se University of Grenoble (1980). 
(2) P.M. BLONSKV, O.F. SHRIVER ECS Spring Meeting, Abstract # 77, Toronto, 

Canada, May 12-17, (1985). 
(3) C. BERTHIER, W. GORECKI, M. MINIER, M.ARMANO, P. RIGAUO, J.M. CHABAGNO 

Solid State Ionics 11-1, 91 (1983). 
(4) A. GANOINI, J.F. lE -NEST, M. LEVEQUE, H. CHERAOAME Proceedings of the 

Rolduc Polymer Meeting The Netherlands, April (1985). 
(5) O.J. BANNISTER, G.R. DAVIES, I.M. WARD, J.E. MciNTYRE Polymer ~ 1291 (1984). 

:<-- ,I, 

PS/B-2 

USE OF CO!!PUTER SIMULATION TECHNIQUES 

TO STUDY ATOMIC MIGRATION IN SOLIDS 

by 

Priya Vashishta 

Solid State Science Division 
Argonne National Laboratory 

9700 South Cass Avenue 
Argonne, IL 60439 

No Abstract Available 
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STOICHIOMETRY, STRUCTURE AND CONDUCTIVITY OF NASICON 

A. Clearfield, M. A. Subramanian, P. R. Rudolf and A. Moini 
Department of ·chemistry 

Texas A&M University 
College Station, Texas 77843 

NASICON was originally formulated1 as a member of the solid solution series 
Na, •• zr,si.P,-.0 11 , with x • 2. Difficulty has been experienced in preparing 
this composition from high temperature solid state reactions and some Zro, 
consistently remains unreacted. We have found that this is not the case if 
some sc•• .is substituted for zr•+ and have prepared solids of composition 

Na,ScZrSiP,o,, (rhombohedral) and.Na,sc ••• zr,.sSi 1 .sP 1 .s0 11 (monoclinic). The 
structure or these phases was determined from x-ray powder data and refinement 
of occupancy factors confirmed the stoichiometry. NASICON prepared by a 
hydrothermal route, followed by calcination, yielded a single phase of 

composition Na,.,Zr,.,.Si 1 .,P,.,o,, .•• A similar structure determination by 
both X-ray and neutron diffraction methods on this non-stoichiometric material 
revealed that about 0.33Na+ was located in the zr•+ sites reducing the zr•• 
occupancy to 1.67. 

Sol-gel preparations of stoichiometric NASICON with x • 2 were found to 
precipitate ZrO, at 11so•c whereas similar sol-gel preparations or the non­
stoichiometric phase were stable to at least 120o•c. Neutron diffraction on 
the stoichiometric phase, before and after precipitation or zro,, was carried 
out and will be described. It is suggested that the stoichiometry of NASICON 
is dependent upon the method or preparation and both stoichiometric and non­
stoichiometric varieties are possible.2,3 

1. H. Y-P. Hong, Mat. Res. Bull 11, 173 (1976). 
2. A. Clearfield, Solid State Ionics 9/10, 832 (1983). 
3. A. Clearfield, M. A. Subramaian, W. Wang and P. Jerus, Solid State Ionics 

9/10, 895 (1983). 

ps/c-2 

i 

DYNAMICS OF THE CREATION OF 
FRACTAL OBJECTS BY INTERCALATION 

1: 

B. SAPOVAL, M. ROSSO, J .F. GOUYET and J. F. COLONNA 
Ecole Polytechnique, 91128 Palaiseau Cedex (France) 

We present a video picture which shows the dynamics of diffusion 
or intercalation on a 2D square lattice. The images of that filM are 
obtained from a simulation of diffusion in a simple lattice gas model. 
The static images show the fractal geometry of the diffusion or inter­
calation front. Different magnifications of the diffusion front exhi­
bits the self similarity which is characteristic of the fractal geo­
metry. 

The v!sual observation of the dynamics of diffusion exhibit a new 
effect : the dynamic changes of the topography of the objects 
are erratic : strong changes in the geometry happens at random ti­
mes. These dynamics changes are produced on a semi-macroscopic scale. 
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lti!CilH'1' DBVIILOI'III!H!' 1M p "ALtJJIINAS 

B. Dluul 
Departaeat of Kateriala Science aad Eaaiaeeriaa 

Uaiveraity of California · 
Loa Anaelea, CA 900l4 

The phenoaenon of hiah ca Uonic coadact iv i ty in sol ids haa been lara ely 
cotfiaef to+aateflala wh!ch tranaport monovalent cations aach aa 
Na , Li , ~ , Aa aad Ca • Ia recent yeara, however, atadies of divalent aa4 
trivalent P" alaaiaea have deaoaatrated that faat-ioa traaaport ia solida caa 
occar with aaay different catioaa. These aaltivaleat P" aluiaea appear to be 
the firat faaily of cryatalliae aolida to sapport the rapid diffaaioa of 
divaleDt or trivalent catioaa at aoderata teaperatarea. Fartheraore, theaa 
coapoaada erhibit a auber of iatereatiaa optical propertiea. 

Traaaport propertiea have been iaveatiaated aaiaa a variety of 
approach•• iacladiaa ioaic coadactivity, tracer diffaaioa aa4 spectroacopic 
aappiaa !JChni.!ifl''·-l The coadactivity for aoat divalent P" aluiaea ia at 
leaat 10 oha ca at 300°C aad araatly eaceeda tho valaea reported for aar 
other divalent solid electrolyte -1• ih!f t•!!!flutan uaae. The trivalent P" 
alaaiaea are aora reaiatlve (-10 oha ca at 400°C) bat are, noaetheleaa, 
the flrat aolld electrolytea for trivalent catioaa. Stractaral atadioa 
compleaeat tho traaaport aeaaaroaoata aa4 an andorataadiaa of loa/vacancy 
relati~~ahipa ia beaiaaiaa to eaerae. The aaiqaa ioa arranaeaenta obaorved 
for. Pb ia P" al~!ae are believed. to ba iaportaat la eata~liahiaa why the 
coadactivity of Pb II" aluiae ia coapaubla to that of Na P" aluiaa at 
Z5°C. Thera ia coaaiderabla evidence of ahort-raaao correlation offacta for 
moat of tho other divalent laoaorpha. Leal iaforaatioa ia available for the 
trivalent coapoaada, althoaah iadicatioaa are that laathaalda ioaa aorva 11 

very aonaitivo optical probea of the coadactioa plaD&. 

The ability to readily incorporate trivalent catioaa haa led to J~• 
iavestiaatioa of tho optical propertiea of laathaalda p•• aluiaea. Nd p•• 
aluaiaa is particalarly iatoraatiaa. It oihiblta aeveral aiaaificant effect• 
iacladiaa aa aaoaaloaaly atroDa optical abaorptioa, a loaa flaoreaceaca 
lifetime aad laalna actioa in both palaed aad c.w. aodaa. The other 
lanthanide coapoaitioaa have not beea laveatlaated ia detail, bat aeaerally 
diaplay rather atroaa flaoreacoaca. The ioa oxchaaaa tochniqaoa aaod to 
iatrodace the lanthanide ioaa are vary attractive for optical aateriala 
bocaaae of the ability to control the coacoatratioa aad tho valence atata of 
the optically activo ioaa. Thaa, ia addition to .the aaiqao faat-ioa traaaport 
propertiaa of maltivaleat P" alaaiaaa, there ia aabataatial iateraat in theao 
compoaads as novel phoaphora aad aolid atate laaer hoata. · 
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THB APPLICATIOM OF IKPBDANCB SPECTROSCOPY TO PROBLEMS 
IM SOLID STATB IOMICS 

Ian D. Raht.l:'lclt 
Blect.ronics Division, MS 0429 

Los Alamos lat.ional Laboratory 
Los Alamos, HK 87545 

The applications of complex impedance measurements t.o solid-stete electro­

chemical systems are reviewed. The electrical response of simple bulk proces­

ses such as dielectric relaxation• conductivity, and diffusion is well under­

stood, but t.he extension of t.he theory to disordered systems, such as glasses, 

polycryst.alline, and composite media is less well developed. Interpretations 

of empirical models for impedance spectra in terms of distributions of relaxa­

tion times or transport. in random environments are discussed. 

Impedance spectroscopy is also a useful method for examlnin& electro­

chemical interfaces, botb in the presance and absence of a Faradaic current.. 

·Detailed information about t.he ltinet.lcs and thermodynamics of elementary proc­

esses, sucb as charge transfer and adsorption, may be deduced. Again, results 

in real systems, as found, for example, at. rough or porous electrode/ 

electrolyte interfaces, are significantly mora complex t.ban expected from s~ 

ple models. The role of frequency dependent currant. distributions in impedance 

methods is discussed. 

., ~ 
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USE OF BETA RADIATION-DETECTED NMR.TO STUDY IONIC MOTION IN SOLIDS 

Paul Heitjans 

Fachbereich Physik, Universitat Marburg, D-3550 Marburg-, FRG 

The method of beta radiation-detected nuclear magnetic resonance ( a -NMR) 
is introduced and its features and capabilities as a new tool for studying 
ionic motions on a microscopic scale are discussed, partly in comparison 
with conventional NMR. Information on ion dynamics is obtained from spin­
lattice relaxation rates and resonance spectra of isolated a-active nuclei 
embedded in the sample. The polarised probe nuclei are produced by a nucle­
ar reaction. Their polarisation is monitored via the anisotropy of the 

a-radiation distribution. 
Recent applications to the field of solid state ionics are reviewed. As 
examples of 6-NMR on solids with a layer structure measurements on the in­
tercalation compound LiC6 and the ionic conductor Li3N are discussed. Em­
phasis is on the questions of anisotropic~ndlow-dimensional diffusion. We 
further discuss lithium borate nnd silicate glasses as representatives of 
strongly disordered solids. Different modes of ionic motion were found by 
spin-relaxation measurements over wide temperature and magnetic field ranges. 
We mainly deal with the low-temperature data which reflect the influence of 
defect centres typical of glasses. 

PS/E-2 
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AC RESPONSE OF FRACTAL INTERFACES 

S.H. Liu and T. Kaplan 
Solid State Division, Oak Ridge National Laboratory 

Oak Ridge, TN 37831 

and 

L.J. Gray 
Engineering Physics and Mathematics Division 

Oak Ridge National Laboratory, Oak Ridge, TN 37831 

ABSTRACT 

When a small ac signal passes through the interface between a 

metal electrode and an aqueous or solid electrolyte, the current is 

expected to encounter ohmic resistances in both substances and a 

capacitance across the interface. In reality, however, such an RC 

circuit often does not give an adequate description of the ac response 

of the interface. It is sometimes necessary to include a so-called 

constant-phase-angle element whose impedance hes the form Z •(j~)-n, 

where~ is the angular frequency, j • r=r, and 0 < n < l. In recent 

years it has been demonstrated by many authors that the parameter n is 

intimately related to surface roughness, with n approaching unity when 

the surface is made increasingly smooth. We propose to model the 

rough interface by a fractal called Cantor bar. The equivalent 

circuit of the model has the property of the constant-phase-angle 

element with an exponent n • 3 - ds, where ds is the Hausdorff 

dimension of the model interface, 2 < ds < l. For a smooth surface 

ds + 2 and thus n + 1 is seen experimentally. The model can be made 

more realistic if the branching and the scaling are random variables. 

The frequency exponent of the impedance n and the fractal dimension of 

the surface ds are found to satisfy the same relation, i.e. n • 3 -

d9 • Thus, we speculate that this relation may be correct for all 

rough interfaces which have the fractal geometry. 

*Research sponsored by the Division of Materials Sciences, U.S. 
Department of Energy under contract DE-AC05-840R21400 with Hartin 
Marietta Energy Systems, Inc. 
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RECENT DEVELOPMENTS IN FAST ION TRANSPORT 
IN GLASSY AND AMORPHOUS MATERIALS 

C.A. Angell 
Department of Chemistry 

Purdue University 
West Lafayette, IN 47907 

We review new developments in the expanding phenomenology of 

amorphous solid electrolytes. We consider separately a) the vitreous 

materials in which the charge carriers are highly decoupled from the 

supporting matrix, and b) the electrolyte polysolutions in which the 

charge carriers are coupled to, and move cooperatively with, a locally 

fluid (though globally elastic) matrix. 

ln the vitreous casu, new methods of preparation, including vapor 

deposition and sol-gel processes, are allowing exploration of 

compositions in previously inaccessible regions, and of new vitreous 

"states" within known composition regions. Also, use of new heavy 

element oxide and chalogenide matrixes with lower glass transition 

temperatures has yi.ei.ded improved ambient temperature conductivities 

with conventionally prepared glasses. The highest conductivities are 

still obtained with Ag+- and cu+- containing glasses. New Ag+ glasses 

containing only halide anions yield o(25°C) • 0.047 ohm- 1cm-1 , even 

higher than for the Agi + oxyanion-containing materials. Fast 

anion-conducting (F-,cl-), and possibly fast-divalent cation­

conducting (Pb2+) glasses have been developed. We emphasize the 

importance of studying the fast ion motions by mechanical response in 

addition to electrical response measurements. Data on several systems 

are now available from low frequency tensile, ultrasonic, and 

hypersonic (Brillouin light scattering). techniques covering. ten 

decades of frequency. These show that the mechanical response has the 

same average ti~ constant as the electrical, and the same activation 

energy but quite different spectral widths (relaxation time 

distributions). The attempt frequency for each corresponds to the 

quasi-lattice vibration frequency observed in the far IR absorption 

spectrum. Of special importance is the observation that the change 

~ ·' 

in mechanical modulus due to relaxation of the fast ions, decreases 

with increasing temperature. This seems incompatible with weak 

electrolyte models which require the number of displaceable ions to 

increase with increasing temperatures. 

In the electrolyte polysolution field, new polymeric solvents with 

more flexible backbones, hence lower "local" viscosities at ambient 

temperatures, have been developed. The "solid" electrolytes based on 

these show behavior which is fully predictible from models developed 

for ordinary concentrated electrolyte solutions. To elucidate the 

ion-solvent coupling we examine the correlation of conductivity 

relaxation times with the "local" structural (viscoelastic) relaxation 

times probed by dynamic mechanical and light scattering techniques, 

r J. 



1-d 
-....~. 

_'i ,., 

PS/F-2 

~ INSERTION COMPOUNDS OF TRANSITION·~ Q!!ill 

P. G. Dickens and S. Crouch-Baker 

~ 

Many transition metal oxides (and oxide hydrates) MOn.mu2o (m ~ O,l,2) 

react at ambient temperature with dissociated hydrogen to form non­

stoichiometric hydrogen insertion compounds HxMOn.mu2o which exhibit 

unusual electronic and structural features. In this paper the structure, 

bonding and proton mobility in compounds of this type are examined. 

'~ 
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SOLID IONIC CONDUCTORS IN CHEMICAL SENSORS 

M. KLEITZ. P. FABRY, J.F. Mll.LION-BRODAZ, E. SIEBERT-MANTEL 

Interest in sensors is rapidly growing because of increasing demand for more 

efficient industrial production, for environment monitoring and for analysis. Robots 

al)d partially automated consumer goods such as automobiles and appliances need 

sensors. Another driving force is the decreasing cost of small computers which can 

be associated with imperfect sensors to form practical "intelligent" measuring systems. 

Pure ionic and mixed conductors can be implemented in various types of chemical 

sensors. At present, in most cases, pure ionic conductors (solid electrolytes) are 

used as sensitive membranes in potentiometric cells. Basic technologies differ depending 

on whether the analyzed species is ionic or neutral (and whether the "solvent" of 

the neutral species is electrically insulating or conducting). The small additional 

electronic conductivity of the solid electrolytes, which is a constant concern in neutral 

species sensors, is, in principle, not detrimental in ion sensors. Even mixed conductors 

can be used. Here the risk is possible interference with redox couples probing. Among 

the various solid electrolytes, crystallized materials are less attractive in terms 

of technological implementation. On the other hand, they are likely to offer improved 

selectivity. 

Of course, solid state conductors are preferably used in all-solid-state devices. 

They have several advantages over liquid-containing. sensors. For medical and food 

industry applications they can be thermally sterilized. Another promising advantage 

is their ability to be miniaturized and therefore integrated with appropriate electronics. 

Various ChemFEfS, ISFETS, GasFETS, have already been tested. 

Other cells and other operation modes have been envisaged and implemented. 

Some devices are operated under constant voltage in a polarographic-like mode. 

The resulting current is a measurement of the diffusion-limited supply of the analyzed 

species. Various materials can be used in thin layers as conductivity-sensible sensors. 

Intercalation compounds are certainly good candidates for this application. Others 

can form "ionic bridges" for improved internal references. 

,__ .J 

Of course, sensors can be associated with various pretreatments of the analyzed 

media (thermal, enzimatic ••• ) and with ancillary devices (in the oxygen pump-gauge 

for instance) which extend their field of application. 

Solid State lonics can also contribute new ideas, and explanations, to the sensor 

field!! An example is the ionically-linked catalytic electrode. 

·' 
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APPLICATION OF SOLID OXIDE ELECTROLYTES TO WATER VAPOR ELECTEOLYSIS* 

F. J. Salzano 
Department of Applied Science 

Brookhaven National Laboratory 
Opton, NY 11973 

ABSTRACT 

A substantial amount of energy is required to electrolyze liquid water 
for the production of hydrogen and oxygen. The energy required in this proc­
ess decomposes water as well as converting the liquid to vapor. Thus, gains 
can be made by electrolysis of vapor and further gains made by carrying out 
the process at higher temperatures, where the free energy of formation of 
water is decreased. The thermodynamics of high temperature water vapor elec­
trolysis are discussed. Various process considerations are examined in terms 
of the materials and engineering requirements in which one may make tradeoffs 
between thermal efficiency, cost and equipment utilization. Gains in effic­
iency over conventional liquid electrolysis processes can be greater than 
40%. Process tradeot"fs are discussed in terms of overall thermal efficien­
cies, voltage/thermal requirements, steam conversions and heat recovery. 
These analyses show some of the possible .tradeoffs between plant complexity,· 
voltage efficiency and show the insentive for continued research to identify 
improved alternative electrolytes and electrode materials for this 
application. 

*This research was performed under the auspices of the u.s. Department of 
Energy under Contract No. DE-AC02-76CH00016. 

'" 



...... 

Pl/TH-1 

_l '') 

EQUIVALENT CIRCUITS FOR REACTION/DIFFUSION 
SEQUENCES AT THREE-PHASE ELECTRODES 

Donald R. Franceschetti 
Department of Physics 

Memphia State University 
Memphis, Tennessee 38152 

In electrochemical a•• aensora, pumps, and fuel cells, the electrode 
proceas aenerally involves the exchanae of atoms between three phases: the 
electrolyte, a nominally inert electrode, and the gas phase. The rate of 
the electrode reaction can be dependent on the partial pressure of the ac­
tive gas and may be limited by diffusion within any of the three phases or 
along the interface between any tvo phases. In the latter case diffusion 
may occur in parallel with an adsorption/desorption process. 

Small-signal ac techniquea are often employed to characterize the elec­
trode processes at three-phase electrode• and a larae number of equivalent 
circuita - involving reaistive, capacitive, and Warburg or constant-phase­
angle elements - have been employed to analyze the data. Although a number 
of the circuits so employed have been derived from well-defined mode·ls of 
the interface, other circuita have been chosen with only limited justifica­
tion. In the present vork, the ;-,uulism of complex, frequency-dependent 
rate constants, introduced by tiny!. and developed by Macdonald and the au­
thor, is used to obtain equivalent circuits for a variety of three-phase 
electrodes in a ayatematic way. Special consideration ia atven to situa­
tions involving more than one significant diffusional process and to simul­
taneous diffusion and adsorption. Diffuaion ia examined in both cylindrical 
and linear geometries and the poaaibility of a distribution of electrode/ 
electrolyte contact areaa ia treated i•· an approximate way. The circuits 
thus obtained involve a number of generalization• of the Warburg element, 
which are compared to both simple Warburg and constant-phase-angle behav­
ior. 

Pl/TH-2 

PARTICLE CORRELATIO~S I~ SILVER CHROMJr~ 

SULFIDE AND SELENIDE LAYERED COMPOU~DS 

J. E. Hammerberg 
Dept. of Physics 

Virginia Commonwealth Untv. 
Richmond, Virgi~ia 2~284 

Recent measurements of diffuse X-ray scattering in AgCrS2 have 
shown a 'liquid-like' radial distribution function for silver 
ions in the fast ion conducting regimel, An approximate inte­
gral equation for these correlations is derived ~hich t3kes into 
account the volume exclusion due to the geometry of conduction 
paths. Solutions for the averaged pair distribution function 
will be presented and the question of octahedral. occupancy will 
be discussed. 

(1) T. Hibma, Phys. Rev Bl!, 568 (1983) 
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Dynamic Bond Percolation and Effective-Medium Models for Ionic 

Conduction in Polymer Electrolytes 

Stephen D. Druger, A. Nitzan, and Mark A. Ratner 
Department of Chemistry and Materials Research Center 

Northwestern University, Evanston, lL 6020I 

Polymeric solid electrolytes, such as polyethylene oxide complexed with 
various salts, are nearly always studied above their glass transition temper­
atures, which means that while the bulk material is solid, the local motions are 
liquid-like, and the local geometry of the host material as seen by the con­
ducting ions is changing rapidly. 

Processes in which the carrier transport mechanism involves motion of the 
host medi1.1111 on a timescale comparable to tha.t of the carrier motion itself 
require generalization ·of the usual models based on carrier hopping in a static 
medium. Under the assumption that this concurrent motion of the host can be 
modeled by a random reassignment (or "renewal") of hopping probabilities, with a 
constant probability ~ per unit time for renewal to occur, the effects of host 
motion on the frequency-dependent diffusion coefficient D(~) have been con­
sidered, and the diffusion coefficient D(~) with renewal has been shown to be 
obtainable from D(w) without renewal through the formal substitution iw + ~ + 
iw. These results have then been employed to obtain expressions for the time­
dependent mean-square displacement of carriers when renewal occurs in terms of 
the mean square displacement without renewal. Further approximation leads to 
analytic expressions for the frequency-dependent conductivity and dielectric 
function of the host-plus-carrier system. Comparison with recent experimental 
data then yields a reasonably good fit of theory to experiment. 

These results have b.••!' extended· by calculating the time-dependent mean­
square displacement of carriers (possibly subjected to an intense electric 
field) using a coherent-medium approximation applied to the static bond perco­
lation model, leading now to approximate expressions in terms of the percolation 
model parameters, rather than in terms of unspecified fitting parameters. 
Agreement has thereby been obtained with many of the features found in numerical 
simulations carried out concurrently with the present work. 

The relations between static and dynamic bond percolation results have been 
employed to study further:the effect of pathway renewal on ionic transport in 
two and three dimensions, leading to new insights into the frequency-dependent 
transport mechanisms observed experimentally in the polymer electrolytes. 
Applications to particular experiments, including microwave conductivity 
experiments on PEO systems and dielectric relaxation work on a number of poly­
meric electrolytes are discussed. 

<. 

P4/TH-4 

IOIHC TRANSPORT IN ANION :lEFICIENT FL.UORITE OXIDE$ 

A.N. Co:-mack and C.R.A. Catlo.,. 

Cepartment or ChemiStry, University College l..ondon, WC1 H OAJ, UK, 

Anion deficient oxides with the rluorite (or rluorite :-elated) 

structur.? ar.? well known rast ion conductors, rinding a wide range or 
technological uses. 

Al':.no:;gh the anion deficiency can arise through non-stoichio:r.etry, 

e. g. Cet;,-., it most commo~ly arises rrom do;>ing wl~h a lower valent 

-:a:.io:1 su::h as Y1
• ,Gd,•, or Ca 2 •,f1!1: 2 •. Indeed., Zr0 2 is only stable in the 

r:uo,..ite structure 'olith substantial concentrations or dopants. 

It is ~lear that transport dominated processes such as. ionic 

c~~~uctivity will be heavily inrluenced by interactions between dopant 

cations !n·j their charge CO!IIpensating anion vacancies. 

in tn is presentation, we will show how one may highlight the 

r e l,;vant irnpor tance. or these interactions using computer based 

theoretical methOds. Our discussion will be based on a C:omparUon or the 

~ehav lour or tetragonal and cubic zirconia, rrom wnich it will be seen 

that the slm;>le idea or pair· association may not always be approp.riate. We 

will also sho.,. ho.,. vacan~y transport in the pyrochlore Qd
2
Zr

2
0

7 
(Which is, 

structurally, closely rela·ted to fluor1tel my be understoOd as a result 
or theoretical considerations. 

Th~ importance or adequate, and consistent, interatomic potential 
models is emph!siSe:l and the relationship or these ir.teratcmic 
potentials to structural properties such as ionic radius and cell 
parameter is also considered. 



w 

.-

PS/TH-5 

MODEL FOR THE COMPOSITION DEPENDENCE OF CONDUCTIVITY 
OF AN IONIC CONDUCTOR CONTAINING SUBMICRON INSULATOR PARTICLES! 

J. C. Wang and N. J. Dudney 
Solid State Dwision, Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37831 

The ionic conductivity of several metal hal ides such as Agl and Li 1 can be 
enhanced by orders of magnitude by the addition of submicron particles of some 
insulators such as A1 203,2,3 Generally, the conductivity a(c) increases with 
the volume fraction c of the insulator particles, goes through a maximum when 
c is between 0.1 and 0.5, and drops to the value of the insulator at c•1. It 
is believed that the enhancement is due to the existence of a hfgh conduc­
tivity layer around each particle,l.~ but the mechanism of this is uncertain.s 
In this work, we assume the existence of this high conductivity layer, calcu­
late the composition dependence of the conductivity using a very simple model, 
and extract information about the structure of the high conductivity layer. 

We assume that the ins.ulator particles are cubic and are arranged on a simple 
cubic lattice embedded in the conducting material. The size of the cubes and 
the position dependent conductivity outside each cube are treated as parame­
ters. The composite system is approximated with a resistor network, and its 
conductivity is calculated. It is found that the model can explain some of 
the reported a vs c data quite well, and values of the parameters can be 
extracted from the fitting of these data. 

Our results suggest that the high conductivity layer outside each insulator 
particle has the following structure: Very near the surface, the conductivity 
increases rapidly to a maximum value and then decreases to that of the con­
ducting material far away from the surface. It is possible that this struc­
ture is a combined result of the position dependent charge carrier 
concentration and mobility. 

!Research sponsored by the Division of Materials Sciences, u.s. Department of 
Energy under contract DE·AC05-840R21400 with Martin Marietta Energy Systems, 
Inc. 

2c. c. Liang, J. Electrochem. Soc. 120, 1289 (1973). 
3J. B. Wagner, Jr., Mater. Res. 8ull.15, 1691 ( 1980). 
~A. M. Stoneham, E. Wade, and J. A. Kilner, Hater. Res. Bull. 14, 661 (1979). 
St;, J, Dudney, "Enhanced Ionic Conductivity in Composite Electrolytes," this 
conference. 
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NMR T1 AND LINE NARROWING IN SUPERIONICS· 
A CONSISTENT INTERPRETATION° 

J.L. 8jorkstam, J. Listerud and M. Villa+ 
Department of Electrical Engineertng 

University of Washington, Seattle, WA g8195. 
+Institute di Fisica e Gruppo Nazionale di Struttura della 

Materia del CNR, 27100 Pavia, ITALY. 
A feature which is particularly common in nuclear magnetic resonance 

studies of superionics is an asymmetrical in T1 vs T"1 dependence in 
which the high temperature slope gives an activation energy EH consistent 
with conductivity values, while data on the low temperature side of the 
spin-lattice .relaxation minimum yields an activation energy EL ·substan­
tially lower than EH. Analysis of line narrowing gives an activation 

energy ELN 2 EL. 

In some cases it has been possible to obtain agreement with the in T1, 
vs r·l dependence, and frequency dependence of T1 in terms of diffusion 
models for transport (M. Villa and J. 8jorkstam, Phys. Rev. B22(1980) 
5033-42) and/or ad hoc models which relate the "half-narrowing• point of 
the low temperature line-width to T1 (J. Bjorkstam, M. Villa, and J. Frye, 
in "Nuclear and Electron Resonance Spectroscopies Applied to Materials 
Science," E. Kaufman and J. Shenoy, eds. - North Holland (Amsterdam lg81) 
p. 295). However, C.A. Scholl has suggested that diffusion models should 
lead to a low temperature (high frequency) limit in which EL + EH (~. 
fL 14 (1981) 447-464). We demonstrate with diffusion models for which there 
is an exact solution that Scholl's suggestion can be valid, but that this 
asymptotic limit may be unreachable in actual experiments. We also call 
attention to the fact that both low temperature T1 and line narrowing ex­
periments sample the high frequency spectral density so may be expected to 
give comparable values of activation energy, as we demonstrate experimen­
tally. Comparison is made with several examples of experimental data in 
which the transport motional contribution to the relaxation processes can 
be separated from that due to other mechanisms. We are able to give a 

· rather general consistent interpretation of the temperature and frequency 
dependence of T1 and line narrowing. 
0Supported by U.S. Department of Energy Grant DE·FG06-84ER 45065. 
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APPLICATIC~ OF THE LOGARITHMIC LAW OF MIXING FOR THE 
ESTIMATION OF COMPLEX PERMITTIVITY AND ELECTRICAL 

CO!IDUCTIVITY OF FAST ION CONDUCTORS AT MICROWAVE rliEQUENCIES 

B.V.R. Chowdari, P.S. ~eelakantaswamy and S.K. Akhter 
:epartment of Physics 

National University of Singapore 
Singapore 0511 

In practice, electrical conductivity and dielectric constant studies of 
a fast ion conductor needs extremely accurate measurements owing to its low 
resistance which nay be comparable in magnitude with electrode-electrolyte 
contact resistance. The complexity of tne instrumentation becomes significant 
if the measurements are to be made at microwave frequencies. Conventional 
transmission-line techniques ingeneral become less appropriate for the study 
or high-lossy materials like fast ion conductors at microwave frequencies. 

It is well established from the conductivity measurements carried out on 
materials which contain a mixture of two or more phases with differing conduc­
tivities, the measured conductivity is of some form of average of the various 
constituent conductivities. Such a practical situation makes the test sample 
made of a mixture of fast ion conductor and an insulator less-lossy and hence 
enable us to use conventional "Von-Hippel technique" for studies at microwave 
frequencies. 

Variety of formulas have been suggested in the past for the calculation 
or permittivity of statistical mixtures and among them logarithmic lav of 
mixing has been widely accepted. The general form of the logarithmic law or 
mixing for a mixture of m components is 

izm 
log t• s ! y. log£. 

i:al l 1 

where Yi represents the .volume fraction of the constituent whose permittivity 
is <i· This paper considers the application of the theory of logarithmic la• of 
mixing for the estimation of permittivity and hence the electrical conductivity 
or a fast ion conductor. As a model material Agi, for which actual measurements 
over a vide temperature and· rrequency rang~ are available, has been chosen. 

Theoretical analysis of the logarithmic lav of mixing shoved the existance 
of some sort of linear relation between the measured value of the permittivity 
and the volume fraction of packing. The measured data on the mixtures of 
S-Agi and alumina for various compositions. or various volume fractions at 
various temperatures using microwave slotted· line technique in frequency. ranie 
8 - 12 GHz is fitted to the theoretically obtained linear relation and finally 
the value of the dielectric constant •' has been estimated for an 100% 
Agi sample. Similarly loss tangent and hence £ ", the imaginary part of £ • , 

has also been estimated. Knowing both t" and £',electrical conductivity a 
is calculated using the relation a • w£ t" where £ is the permittivity of 
the free space and w the angular freque8cy. Esti~ted values of both 
permittivity and conductivity for both a-and B-Agi &&ree fairly vell vith 
those reported earlier (1). 

l. K.F. Gebhardt, P.O. Soper, J. Merski, T.J. Balle and W.H. Fiygare 
J. Chem. Phys. 72, 272 (1980). 
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CONDUCTIVITY, DR, DSC, and NMR STUDIES OF POLY(VINYL ACETATE) COMPLEXED 
WITH ALKALI METAL SALTS* 

M. C. Wintersgill, J, J. Fontanella, J. P, Calame, M, K. Smith 
Physics Department 
U.S. Naval Academy 

Annapolis, Md 21402, USA 

S. G. Greenbaum 
Physics Department, 
Hunter College, CUNY 

New York, NY 

C. G. Andean 
Physics Department, 

Case Western Reserve University 
Cleveland, Oh 44106, USA. 

Electrical conductivity, dielectric relaxation (DR), differential 
scanning.calorimetry (DSC) and nuclear magnetic resonance (NMR) studies 
have been carried out on poly(vinyl acetate) (PVAc) complexed with a 
variety of lithium and sodium salts including perchlorates, triflates and 
iodides. The electrical ·nductivity and dielectric relaxation 
measurements were carried vut using a fully automated complex impedance 
bridge operating at seventeen frequencies over the range 10-101 Hz. The 
conduc~ivtty varies with the concentration of the salt. for example,· 
at 102 C the conductivity for 8:1 PVAc-lithium perchlorate is about 10-7 

(ohm-cm)- 1 while that for 4:1 material is about 5 times areater, The 
variation of the conductivity with temperature is also described. The 
electrical relaxation spectrum. for pure PVAc consists of four peaks. 
Sign.tficant differences are seen in the complexed material, For example, 
for 8:1 PVAc-lithium perchlorate most peaks are similar to those observed 
in pure PVAc while for 8:1 PVAc-sodium perchlorate, the spectrum is 
strongly affected, The spectra for PVAc-lithium iodide and.PVAc-lithium 
triflate are extremely simple. The DSC studies were carried out using a 
DuPont 990 DSC and show three thermal features which are dependent upon 
the s_ 't and the thermal history of the samples. Finally, new NMR studies 
are presented. The results are considered in ·the light of previous work 
on PVAc complexed with lithium perchlorate (1) and a model similar to that 
for an ionic elastomer, 

1. M. C. Wintersgill, J. J. Fontanella, J. P. Calame, S. G. Greenbaum, 
and C. G, Andean, J. Electrochem. Soc,, l1lL 2208 (1984), 

*Thi~ work was.supported in part by the Office of Naval Research. 
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!W Polyphosphazene and Polyelectrolyte Solid Electrolytes 
D. F. Shriver. p, M. Blonsky, L. c. Hardy 

Department of Chemistry and Materials Research Center, 
Northwestern University, Evanston, IL 60201 

and 
H. R. Allcoc~. p, Austin and J, Sisko 

Department of Chemistry, Pennsylvania State University, 
University Park, PA 16802 

Previous work on polyethyleneoxide (PEO) and polypropyleneoxide (PPO) 
based complexes with alkali metal salts, has indicated that polymers with low 
glass transition temperatures (Tg) and a high concentration of polar groups, 
are good candidates as hosts for salts in the preparation of polymer 
electrolytes. 

Polyphosphazenes are attractive for electrolyte synthesis on three 
counts: 1) The linear chlorophosphazene (N•PC1 2 )J\, can be modified chemically 
to yleld a wide range of substituted polymers. ~~ The high molecular weight 
()10 ) polymers produced are stable and not crosslinked. 3) Fully substituted 
phosphazene polymers frequently have very low values of Tg. 

A series of polyphosphazenes, [N•P((OC2H4)xOCH3) 2 ) (x • 1,2,4, 7 ,11,42; n 
> 15,000), were prepared by the interaction of sodium po"iyether alkoxides with 
the linear chlorophosphazene: 

(N•PC1 2 Jn + 2nNaOR ~ (N•P(OR) 2 Jn + 2nNaCl 

For x • 2 the polyphoaphazene is referred to as MEEP, and this polymer was 
used to form polymer-salt complexes. These complexes were prepared with a 
variety of mono and divalent triflate salts (Na, Li, K, Rb, Sr, Mg, Ag, Cu, 
Zn; triflate•S03CF3-). In addition, trivalent salta were also complexed 
(Gd2(s04_}J, Nd2(S04)3, Na 3Co(N02)6) by the polymers. Characteri~1tio~ of the 
pure polymers and polymer-salt complexes were performed by IR, ( P, 3c) NMR, 
X-ray diffraction, differential •canning calorimetry (DSC), optical 
microscopy, gel chromatography, ac complex impedance (5-500,000 Hz), and de 
polarization methods. Between room temperature and 100°C, the conductivity of 
(LiS03CF3)0.25'MEEP is 1-3 orders of magnitude larger than that of similar 
poly(ethylene oxide) systems. Polarization cell experiments, on triflate salt 
complexes, indicate that the transport number for Ag + is 0.03 or less at 50°C, 
and for Li+ it is 0.32 under the same conditions. 

In an attempt to prepare polymer electrolytes with unity transport number 
for the mobile ion, we have explored the properties of solid polyelectrolytes. 
Ionic conductivity has been induced in the quaternary ammonium polymer poly­
(diallyldimethylammonium) with chloride or trifluoromethylsulfonate counter 
ions by the introduction of a plaaticiz~, poly(ethylene glycol), PEG. 
Similarly, sodium poly(styrene-sulfonate) becomes a sodium ion conductor when 
plasticized with PEG. Ion transport properti~s in these materials are similar 
to those of the well known class of solid electrolytes poly(ethylene oxide)­
alkali metal salt complexes, except that the ac and de electric~l properties 
can be attributed to known charge carriers. Conductivity of 10- n - 1cm -l at 
25°C has been achieved for the highly plasticized chloride ion conductor. 
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10~1 TRANSPORT AND THERMAL PROPERTIES OF 
POLYETHYLENE OXIDE - LITHIUM PERCHLORATE COMPLEXES 

P~olo Ferlonl. Aldo Maqlstris and Manllc Sanest 
Centro di Studio per Ia Termodlnamica =d Elettr~chimica del Si:t=mi 

Sallni Fu:l e Sclldl del C. N. R. , c/o Olpartiment~ dl Chimlca Fisice. 
VI!!~ Taramelll 16 - 27100 Psvla. Italy 

This paper dl:cusses the thermal properties and ton transport chsracterlstlcs of 
the c~mpler.es f~rmed bY polyethylene oxide !PEOl and lithium perchlorate. This 
Polymeric electrclvte has been prePared bY dl:solvinq PEO iM.\V. • 4.10"> and 
lithium perchlorate in acetonitrile and evaporaUnq the sclvent at room 
temperature. \Ve have examined nine different comPositions over a LiCIO 4 
~on:entntton range of 0 - ZO mc!e'f •. 

The thermal stabllltv of the complexes was lnvesUqated by thermoqravimetric 
analysis. and the Phase transitions were examined bY differsntta1 scanning 
calorimetrv In the ranqe ZOil - SilO K. c.,mplex ac-imPedance analvsls has been 
carried out from r~om temperstur!t to 500 K. with blockinq electrodes to 
determine tha conductivity and activation ener11es of the ccmplaxe=. To 
characteri:e the ion transport mechanism, the conductivitY hss also b~ten 
me~sured with the four probe DC method ancl with the complex imPedence methcd 
using reversible Ll electrodes. 

The cortcluctlvitv· of these comPlexes reaches a malllmum for a PEO/LI ratlo of 
ab~ut 8:1. The Ionic transport numb~trs han been measured ss a function of 
temperature for this composition. 
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TEMPERATURE-DEPENDENT SPECTROSCOPIC STUDIES OF POLY(PROPYLENE OXIDE) AND POLY­
(PROPYLENE OXIDE)-lNORCANIC SALT COMPLEXES 

Dale Teeten 
Department of Chemistry 
University of Tulsa 
Tul~a, Oklahoma 74104 

Roger Frech 
Department of Chemistry 
University of Oklahoma 
Norman, Oklahoma 73019 

Raman spectroscopic studies have been performed on low molecular weight poly­
(propylene oxide) polymers and complexes of these polymers with various inorganic 
salts. A low frequency vibrational mode at approximately 239 cm-1, tentatively 
assigned to a bending or torsional motion of the polymer backbone, is the most 
sensitive to the addition of the inorganic salta. Temperature-dependent Raman 
scattering spectra. have been measured from ambient up to temperatures at which 
sample degradation occurs. Dramatic spectral changes have been observed over 
the temperature interval 1400-180°C in polymers complexed with inorganic salts. 
These data are discussed in terms of models which invoke temperature-dependent 
bandwidths originating in disordering mechanisms. 

I. 
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STRUCTu~E AND IONIC CONDUCTIVITY IN EVAPORATED THIN FIL~ 
OF POLY(E7HYLE~E OXIDE) COMPL~~ED WITH LiCF

3
so

3 

Yukio ITO, Kiyoaki SHAKUSHIRO, Katsuki MIYAcCHI 
and Tetsuichi KUDO 

Central Research Laboratory, Hitachi Ltd., 
P.O. Box 2, Kokubunji, Tokyo 185, Japan 

The complexes formed between poly(ethylene oxide) (PEO) and alkali 
metal salts have been attracti~g a great deal of attention because of 
their potential application as electrolytes in batteries and other 
elec:r~chemical devices. The polymer salt comple~ files have usually been 
obtained by solution casting onto plates and heating under vacuum. 
Eva?ora:ad thin films of P~O complexed ~ith LiCF3so 1 are produced. 
This paper reports on the first preparation and chatacterization of 
evaporated polymer complex films, along with information on their 
structure and electrical properties. 

Thin films are formed by evaporating a suitable mixture of powdered 
PEO and· LiCF 3so'3 charged in a tungsten boat onto silica glass substrates 
at room temperafure. The starting compositions are (PEO)zLiCF3so3 with 
4s;xs;l8. The deoosition ra~e is-0.5 r.m/s in 3 5 ><lo-4Pa vacuU'II. 

The structural information of thin films 'is obtained by employing 
in!rared absorption spectroscopy. The IR spectra in the region 400-4600 
em for evaporated thin fi,lms show a close similarity to the. spectra for 
(PEO) LiCF3so3 fil=~ prepared by solution casting. This result suggests 
that ~he fundamental structure of the evaporated films is very similar 
to that of (PEO)xLiCF3so3 complexes. 

The molecular weights of evaporated films are determined using 
gel permeation chromatography. Poly(ethylene oxide), used as the starting 
material, has an average molecular weight of about 600000. The molecular 
weight of (PEO) LiCF 3so 3 complexes formed by casting shows almost tne same 
va:ue as tha~ of :he PEO used.. When a mixture of PEO and LiCF3soj is 
evaporated, the molecular weight of the film obtained decreases to a value 
0 f 1000 - 10000. 

Conductivities parallel to the evaporated film surfaces are measured 
on specimens with ir.terdigital Au blocking electrodes fabricated on their 
surfaces. The conductivity plots of log' against 1/T ~s approximately 
linear in the measuring temperature region up to 150 °C. Total ionic 
conductivities extrapo~~te~ 1 <o_room temperature for the evaporated films 
with 4 s;x s; 18 are - 10 11 em • ThiS value is about ten times larger 
~han for (PEO) LiCF3so3 complexes formed by casting. The activation 
energies for tfte ionic conduction are about 25 kJ/mol. This ionic 
conducting behavior for the evaporated thin films is clarified in terms of 
their structure and molecular weights. 
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CHARAC"ERI:ATION AND THER.'1AL STABILITY 0!" POLYANILINE, t¢Nl X 

by 
N.L.O.Somasiri, and A.G.MacDiarmld,Oepartment of Chemistry and 
A.R.McGhie,Laboratory for Research on the Structure of Matter. University 
of Pennsylvania,Philadelphia PA 19104 

'Polyaniline' has been known for about 100 years as f" ill-defined 
black solid which has never been completely characterized.'!n this work, 
we have taken a closer look at this unique material which can ~e s~nthesized 
by both chemical and electrochemical oxidation of aniline, ~NH : 4se~eral · 
forms of the polymer exist, including one which exhibits metaliic conductivity 
obtained by p-doping via a simple ac1d(base reaction in aqueous solution 
which involves no formal oxidation of the polymer. The four idealized forms 
of the polymer are shown below. 

~-· _)-:NH..("'-.;NJ: \ . \-/ J 
. :!S, metallic • 

':<'Oot:on t 1 Red•<tlon 

~~:=:>~H,ONH} 
1S,Inaulltor • 

~ 
~ 

~ 
~ 

+o=~-o-Nt . 
ZA.Insulaaor 

Oxidatoon t l Aed•<tton 

-toN~ oN+ 
• lA. lnawlator 

Preliminary6 experiments have indicated that polyaniline may function as 
a liqh~~eiqht ,inexpensive electroactive electrode for use in a rechargeable 
dry cell battery or fuel cell. 

In this work we have investigated the thermal stability of polyaniline 
in the 2A and 25 forms· using both differential scanninq calorimetry and 
thermograVimetric analysis,as a function of oxygen partial pressure, These . 
techniques, in conjunction with elemental·chemical analysis, IR, mass 
spectroscopy,electrochemical studies and conductivity measurements, have 
been used to characterize polyaniline synthesized by both chemical and 
electrochemical methods. We have obtained polyaniline in both 2A and 25 form 
which is thermally stable to temperatures in excess of l00°C and which still 
retainohigh conductivity in the 25 state. Samples of 2A show no weight loss 
up to 300°C althouqh a unique exothermic chemical reaction occurs in the 
polymer in the temperature ranqe l50-J00°C. Details of this process will 
be presented. 
REFERENCES 
1) R.de Surv~lle,M.Jozefowicz,L.~.Yu,J.Perichon &R.Buvet,Electrochemica 

Acta, 13 1451 (1968) 
2) ~ri~edoff,F.Hautiere-Cristoflni,R.deSurville,M.Jozefowicz.L.T.Yu 

& R.Buvet, J.Chim.Phvs., 68, 1055 (1971) 
3) A.G.MacDiarmid,J.C.Chiang:M.Halpern,W.~uanq,S.L.Mu,N.L.D.Somasiri, 
W.Wu and 5.I.Yaniger, Molery<t. LicrUd Crvst, in press (1985) 
4) E.M.Genies,A.A.Syed and C.Tsintavis,Mol.Crvst.Li~id Crvs~.in press !1985) 
5) A.Kitani,J.Izumi,J.Yano,Y.Hiromoto and K.Sasaki Bull Chem 5oc.Jaoan,57 2254 

(1984); T.Kobayashi,H.Yoneyama and H.Tamura,J.Electroanal.Chem.l77,2Sl (1984) 
6) A.G.MacDiarmid,5.L.Mu,N.L.O.Somasiri and W.Wu,Mol.Cryst.Liquid cryst.in press. 
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POLY(ETHYLENE OXIDEj-LiCF,~·POLYSTYRENE ELECTROLYTE SYSTEMS 

Fiona M. Gray, James R. MacCallum and Colin A. Vincent 
Department of Chemistry, University of St. Andrews, 

St. Andrews, Fife KY16 9ST, Scotland. 

·Poly(ethylene oxide) doped with lithium salts is, to date, one of the 
most promising materials for practical use as a polymeric electrolyte. The 
material is, however, susceptible to creep at elevated temperatures. By 
introducing a second "structural" polymer of much higher Tg. this effect 
was considerably reduced but at somo expense of ionic conductivity. 

Polystyrene (Tg • 100 •c) was incorporated into the PEO-LiCF3S03 
complex to act as a support polymer and thus improve the physical proper­
ties of PEO. A range of polymer systeas, (polystyrene)x(PEOtoLiCF3S03) 
were prepared by thermal polymerisation of styrene in the presence of the 
polyether and salt, in the absence of solvent. X represents the voluae \ 
polystyrene and 0 c X$ 10. Spectroscopic data indicated the presence of 
eraft copolymer alone with a aixture of pure polraer components. The 
relative physi~al streneth of these polymer systems was aeasured by pene­
trqmetry, both at room temperature and above the PEO melting point and was 
shown to increase correspondingly with concentration of polystyrene. 

Thin films were foraed by a hot-pressine technique and a.c. conduc­
tivities measured over a temperature l'Bnge 20-150 •c. Three conductivity 
reeions ma~ Qe identified: ·below 60 •c, 60-100 •c and above 100 •c. In 
general, the conductivities were found to,decrease with an increase in 
polystyrene concentration, but a rapid decrease was not evident, until a 
percolation limit. had been exceeded. The fall in conductivity with respect 
to concentration was found to be greater in the low.te*Perature region. An 
interpretation of the conductivity data within the three rogions will be 
given. 

Conductivities were compared for films of PEO-LiCF 3S03 complexes 
prepared by variou~ methods. Conductivities· of annealed, pressed films 
were found to be higher by an order of half a decade compared to those of 
solvent-cast. films. Specific conductivitY values for systems containing up 
to 40 volume \ polystyrene were greater than published values for a 
PE0 10 LiCF3S03 system. The much improved mechanical stability, with a 
relatively small loss of conductivity above 60 •c in 20-60 voluae \ systems 
may make these viable materials for electrolytes·for cells used in the 
higher temperature range. 
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ELECTRICAL PROPERTIES Of LITHIUM CONDUCTIVE SULFUR GLASSES PREPARED BY TWIN 

ROLLER QUENCHING 

Annie PRADEL and Michel RIBES 

Laboratoire de Physico-Chimie des Materiaux - UA 407 

USTL - Place Eugene Bataillo.n 

34060 MONTPELLIER Cedex 

FRANCE 

A twin roller apparatus has been designed to be used in a controlled en­

vironment, so that even hygroscopic and oxidable glasses may be prepared 

by fast quenching. The quenched flakes of about 50pm thickness and few mm
2 

area have been used to perform electrical measurements. 

. Vitreous domain in the system Li2S-GeS2 has been extended and a glass with 

as high as 63 ~ Li
2
S has been prepared which corresponds at 13 ~ more in 

modifier than previously. Its conductivity reaches 10-
4 

(Ocm)-
1 

at 25° C. 

. For the first time, glasses have been.obtained in the system Li2S-SiS2 , 

electrical characteristics of these glasses have been measured. 

. Studies on glass formation and electrical conductivity have been carried 

out in the Li
2
s-xs

2
-Lii systems with the ratio Li2S/XS2 : 312 when X : Ge 

and 2/3 when X = Si. 
The electrical characteristics of a fast quenched glass, and of the corres­

ponding glass prepared in the classical way, have been compared in order 

to evaluate the influence. of the cooling rate. 

~ 
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PSEUOOSPIN ECHOES IN 
LITHIUM 

A FAMILY OF IONIC 
BORATE GLASSES , 

CONDUCTING 

M. DEVAUD, J.-Y. PRIEUR and V. D. WALLACE* 

Laboratoire d'Ultrasonst, Universite Pierre et Marie Curie, 
Tour 13, 4 place Jussieu, 75230 Paris Cedex 05, France. 

We have performed a low temperature study of·a family of glaasea with 
the. general composition : B2o, -: Li20- y LiCl • Theae glaues are fast 
ionic conductors. We present here the results of a aeries of echo experi­
ments. We could produce and observe the echoes from 0.075 K up to 0.600 K, 
with a sequence of two (or three) acoustic pulses, of frequency about 
500 Hllz. 

At such low temperatures, the ionic conductivity is completely 
"frozen" : the mobile ions are trapped. But, anyway, if there ia no chance 
for Arrhenius activated hopping, these iODs may undergo aome quantum tun­
neling between two neighbouring equilibrium positions ; therefore the 
addition of mobile ions to B2o, could result, at lov temperaturea, in a 
contribution to the so-called "Two Leve 1 Systems" (TLS). (Such an argument 
has already, and successfully, been invokated in the interpretation of 
acoustic low temperature properties of S alumina). For such TLS, a longi• 
tudinal (T1 ) and a transverse (T2 ) relaxation times are defined • 

We have measured T2 with two-pulae .. quencea and T1 with three-pulse 
sequencea, for different temparaturea. T1 and T1 are of the order of 10 ~s 

at T • 2SO 1lllt , and show a r- 1 behaviour. FurthenDOre, we have .measured 
the power of the echo &a a function of the input acoustic power ; through 
that measurement we can infer that the TLS responsible for the echoes are 
weakly coupled to the phonons (interaction energy not greater than to-• eV). 

*Permanent address : Department of Physics, Oakland University, Rochester, 
Michigan "8063, U.S.A. .. 

tAssociated with the Centre Natio.nal de la R~cherche Scientifiqu_e. 
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IONIC CONDUCTIVITY AND GLASS TRANSITION OF 50ROPH05PHATE GLASSES 

G~et~nc Chiodelli and Aldo MaQlstno 
Centro di Stu:llo p~r la Termo:llnaml:A e1 tlettrochlmlc& del S1!tem1 

Sthnl FU~l e Solidi del C N R clo DIPUtimento dl Ch1m1c~ FiHCt 
Vi!le Tar&melh 16 - Z?H•O Psvla. Italy 

M~rcc Vlllt 
DiP&rtlmento di Fis1ca "A Volta" e GrUPPO Na:1cnale d1 Struttura della 

Materie del C N R . V1e Baso1 6. Z7100 Pev1e. Italy 

Oxule qlasses obtained from a 9la!s former tsu:h as .boron 01tide1. a metal oY.lde 
<M Ol end a htllde salt lMX> c~n ~e ~cc1 c!tiomc <11 ' ccnductors M~nv 
svit!'m!tlC Jnv~!tl'latJons have ~~t'n rep?rted whtch ~how that c·,n1uct1VltY ah·.'~Y5 
improves bY ad11nQ a "dcp~nt" •~It ll1l0. ~v choo~mg lerqe and pcltrlzal:le 
X-anions and ~v s•Jbstltutln~ or.vgen wtth sullur This P!P~r tccusees upon a 
le~~ kncwn me~hcd of optim~tin; c~tton ccnductivitv in ox1de glasse~ ba~ed upon 
partial sut:~utuition ot on.! 11l~ss termer with another It eY.amines what we 
Will cell "m1~ed !nton ettects". 1 e the higlllv non hnur ~eh!vicr cf ecme 
propertv as a tunct1on of tile Percentage of the replacement of one ~l!s• former 
by another 

IJe ht.ve ~~plored glass forme lion re~1on!. conductivitY and gl&~! tren!ihon 
phenomena in tile systems 11lt:I1 20:&,o 3 ·p 2o~ 1H•LI. Ag; 1.•Cl. I> The e.ctiv&tlon 
energ1es tor conductivlty tn the abs'!!nee bl "MX usually reach a mtn1mum In 
substance~ with two· 9less formers. On the other hand. tile T • s attain the 
highest values tor Ull/lPl ratios that are close to those whlchgoptimite 
conductivitY 

The addition of a halide salt always improves t11e conductivitY but does not 
~lways attect T At the hlglleet levels of dcpin;. some of the mixed glasse~ II eve 
conductivities ciose to those observed in the. corresponding pure borate 
glas~e•. The addition of silver Iodide to ~ilver borophosPhate glasses with 
optimized conductiVitY 1ramat1callv re~u:n T In contrast. the addition ot LiCl 
to lithiUm boroPhosphate glasses with optlmit3d conductivity does not 
sigmticantly change tlle1r glass transition tempere.tures 

PLB/G-4 

CONDUCTIVITY RF:l./\X/\TION ANII Sl'IN LATTlfF. RELAXATION IN LITIIIUM AND 
'- II I XED 1\LKIILI ROR/\TE GLASSES: ACTIVATION F.NTIIALI'I I'S, 1\NOM/\LOUS 

ISOTOPI::-tiASS EHECT ANll ltlXEO ALKALI EFFECT 

K. L. Ngai 
Naval Research Laboratory 

Washington, D.C. 2037~-~000 

and 

H. Jain 
Brookhaven National Laboratory 

Upton, New York 11973 

Measurements of the frequency and tempe.rature depcnden~es .of the sgin­
lat.t.ice1 and coioductivit.y rclaxation~2 in a series of mixe.l isotope C'!.i, Li) 
and one mixed alkali (Li, Na) triborate glasses are discussed and describPd by 
a unified model of relaxat.ion. 3 T.oe frequency dependence· of. the conductivity 
relaxation data is found to be well described by the model. This success is 
no longer a surprise because the same model has been found to also describe 
well the conductivity relaxation in other ionic conductors such as Mall­
alumina, alkali silicate glasses, etc. In th<" noixed isotope ('Li, GLi) tri­
borate glasses, an anomalous isotope-mass eff~ct. in the electrical conduc­
tivity has ~een observed. The model predicts a correlation between the shape 
of the electric noodulus frcquPncy dependence curvP and the magnitude of the 
isotope-mass effect. The predicted correlation is found to hold quantita­
tively at all temperatures of measurement with usc of a vibrational frequency 
which lias been obtained by infrared-spectra measurements. tlorcovt!r the model 
predicts the observed activation enthalpy of electrical conductivity E

0 
is 

only an apparent one and is related to a more fundamental activation entlialpy 
E by the relation E =E (1-n) where n is the shape parameter of the electric 
m3dulus frequency de~en8ence curve. Spin-lattice relaxation times (T

1
) mea-

surements of localized alkali motion in the same mixed isotope (1Li, 6 Li) 
triborate glasses on the low temperature side of the T

1 
minimum have indeed 

given the value of activation enthalpy E'll in good agreement with the pre-

dicted E . This gives additional support for the relevance of the relaxation 
model inaglasses. 

The model has more to say about the difference in magnitudes of the mixed 
alkali effect. observed via E and via ET . 1 Tile mixed alkali effect measured 
for (0.49 Li, 0.51 Na) 20: 2?15 s

2
o

3 
via E

0 
is again an apparent one, related 

to a llore fundam< .•tal llixed alkali effect exemplified by Ey . 
1 

1. H. Jain;--G. Baizer-Jiillanbeck and 0. Kanert, J. Am. Ceramic Soc. 68, XXX 
(1985). -

2. H.L. Downing, N.L. Peterson, and H. Jain, J. Non-Cryst. Solids ~. 203 
(1982). 

3. K.L. Ngai, R.W. Rendell, and H. Jain, Phys. Rev. B ~. 2133 (1984). 
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PllEPARAl'lON AND COI\'l;,'r.'l'n'ITY MI!ASUREHENI'S OP SiS1-Li1S GLASSES DOPED 'IIITB 
LiBr AND LlCl 

108N B. 1ENN£DX, SAEED SA.Ii.\l!l, STEVEN W. SHEA, AND z. ZIIANG, Deputant of 
Cbeciatry, Uaivorsity of Califo~aia, SaDta Barbara, CA 93106. 

A Dumber of coDdactiva sulfide-based lithium alassoa, which caD be 
·used as electrolytes ia lithiaa solid state devices aad batteries have beea 

studied ia recoat years. Tho moat wall kDawa are P1Ss-Li1S &lassos aad 
their lithia. iodide doped aDaloas, which show coadactivity as hi&h as 10-3 
S-ca-1 at l5°C. It was roceatly reported that aiaco P1Ss-Li1S aad 
l8zS3-Li2S) alanea required syatheah ia sealed preanu quartz tabes, the 
SiSz-LilS alaaaes, which aay be prepared aador atmospheric prossaro offer a 
viable co .. eroial prodactioa altoraativo. We report hera tho proparatioa 
aad coadactivity .. aaareaoata for SiS1-Li1S alassas doped with LiBr aad 
LiCl. Extaat of &lass foraatioo was iavastiaatod by varyiaa tho aolar 
coaceatratioo of LiBr while holdioa tha aola ratio of SiSz to Li1S coaataat 
It 1:1, 

·The Si$z-Li2S alassas ware prepared by first aiziDI SiS1 aad Li1S ia a 
1:1 aola ratio lo a dry box. The •lxtaro was thoo placed io a vitreous 
carboa crucible, which ia tara was positiooed io a Vycor tabo. The aixtaro 
wao heated for about ooo hoar at 950°C·aoder araoo. The aoltoo •istoro was 
quickly qaoached lato a water bath at rooa temparatara to forD the vitreous 
solid. This base alaaa was doped with variooa aaoDDtl of LiBr or LiCl, aod 
the heatiD& procedure repeated. Tho fiaal alaaa aaaplea wra aroood aod 
preaaed iato pelleta asia& isostatic praaaioa. 

Complex impedaoca plots of tho &lasaaa with TiSz oleotrodaa cooalatad 
of a atrai&ht liao iataraoctia& tho real asia at approximately a 450 ID&la. 
The balk raaiataDca of the alaaa aaapla waa obtaioad from the extrapolatioa 
of tho atraiaht lioo portioo of tho coaplox impodaaoo plot to tho real 
ash. 

Coodactivity of the baaa &lass waa 1.6 x 10-4 5-cm-1 aDd dopiDI with 
LiBr aDd LiCl iocroasod this value ai&aificaotly, roachiaa above 
6 x 10-4 s-ca-1 at rooa temperatura. Dopio& levels of 30 aola porcaot LiBr 
aDd LiCl wore possible with tho qaoach rates available. 

7Li Nam aoaaaraaaots for these alasaoa have also beea aade aad will be 
reported as they shad liaht of tho mobility of Li+ io those coDdaotiva 
ala••••· 

\. 
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QUASIELASTIC NEUTRON SCATTERING FROM AgP03-A~I GLASS 

R. MERCIER, M. TACHEZ, J.P •. MALUGANI 

Laboratoire d'Electrochimie des Solides ERA 810 

Faculte des Sciences - Universite de Franche-Comte 

25030 BESANCON Cedex - FRANCE 

A.J. DIANOUX 

Institut Laue-Langevin, 156 X, 38042 GRENOBLE Cedex - FRANCE 

A quasielastic neutron scattering experiment vas performed on the fast 
ionic conductor·AgP0

3
-Agi, which is a vitreous electrolyte. 

This experiment vas conducted using the time-of-flight spectrometer 
IN 6 of the Institut Laue Langevin in Grenoble, with the following para-

o o _ 1 o_ 1 meters : A• 5. 1 A ; 1.25 A ~ Q 4: 2.04 A ; instrumental resolution 
(FWKH) • 0.070 meV ; transmission factor ot the sample : 0.66 ; 
299 K < T < 368 K. 

The spectra generally consist of a quasielastic broadening or' the 
elastic peak and of a long tail up to 10 meV vhicb is due to ·an inelastic 
distribution. 

In order to obtain tbe quasielastic contribution, the pr'otile or the 
central peak vas fitted within t 0.6 aeV for the nine channels and tor 
five temperatures. The EISF vas constant at 85 J. The profile of the quasi-
elastic contribution vas round to be Lorentzian. · 

When plotting the function energy vidht AE corrected by S(Q) 
(AExS(Ql] versus Q2 : a straight line is obtained for all temperatures, 

which means that the-mechanism ot the conductivity is certainly a trans­
lational jump diffusion with a coefficient of self diffusion of the silver 

ions D • 1.32 x I0_5.exp- 2~0 (activation energy being in calories). 

The value of the activation energy is very close to that of a-Agi 
measured by electric conductivity. The value of EISF : 0.85 indicates that 
ttoe observed quasielllstic scattering is due to halt ot the silver ions .• 
These two results seem to confirm our hypothesis on the structure of this 
glass : small "clusters" of an "amorphous" like a-Agi are dispersed in 
the AgP03 host glass. 
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EFFECT OF ADDITION OF LiNb03 ON THE ELECTRICAL CCNDUCTIVITY OF 
Li20-B203 SYSTEM 

s. Rokade·, i<. Singh and V. K. Deshpande . 
Department of Physics, Nagpur University, Nagpur-440010, India 

Lithium borate glasses exhibit high ionic conductivity due to 
migration of lithium ions. Several cathode materials are known which 
might be employed in lithium transporting systems because of their 
relatively high lithium diffusion coefficients. In addition, lithium 
is more electropositive and thus provides the possibility of greater 
cell voltages. 

In order to improve the tonic conducti vlty of Li 20-B201 system, 
LiNb0

3 
has been added in ditrerent concentrations ln Li2o-a2-o3 (40:60 

m/o). The electrical conductl vlty has been measured ln tl\e temperature 
range 400K to 71 4K. It has been round that LiNb03 can be accomodated 
ln the amorphous matrix up to 10 m/o. The samples with more than 10 
mlo LiNb0

3 
crystallised. The conductivity is fol.l'ld to increase with 

increasing LiNb0
3 

concentration. The enhancement in the conductivity 
is due to increase in 1) Li ion concentration and 2) mobility of Li 
ions due to large number of vacant sites provided by the pentavalent Nb 
ions. The results are comparable with the earlier reportings on 
parallel systems. 

P22/AC-l 
SULFATE ION CONFIGURATION IN MONOCLINIC 

AND CUBIC LITHIUM SULFATE 

Roger Frech Department of Chemistry 
University of Oklahoma 
Norman, OK. 73019 U.S.A. 

Enzo Cazzanelli Departimento di Fisica 
Universiti di Trento 
38050 - Povo (Trento) Italy 

One of the more widely studied fast ion conductors is lithium sulfate, 
Li2S04, which undergoes a first order phase transition from a monoclinic 
phase to a fast-ion-conducting, face-centered-cubic phase at 573°C (1,2). 
The high temperature cubic·phase is also a plastic phase, and it has been 
suggested that the ionic mobility in this-phase ia dynamically enhanced 
through the reorientational motion of the sulfate ions (3). For this 
reason it is desirable to study the nature of the 1ulfate ion motion in 
both phases, particularly in the vicinity of the transition temperature. 

An analysis of the v molecular vibrational mode of the sulfate ion in 
the pre-transitional regiAn (450°-573°C) suggests critical behavior in 
the monoclinic pha1e. The critical exponent (8•1/6)" indicates a weak planar 
anisotropic environment for the sulfate ion. A detailed study of the v3 
molecular mode in the cubic phase shows a lifting of the three-fold 
degeneracy. The depolarization ratio measured across the band contour 
eatabliahaa an A component and an E component, again consistent with a 
planar anisotropic environment of the sulfate ion. 

The barrier heights for the configurational jumps are calculated from 
the sulfate librational mode frequency data and are found to be in excellent 
agreement with the barrier height calculations from bandwidth data aeaaured 
in the pre-tranaitional region. 

1. T. F~rland and J. Krogh-Koe, Acta Cham. Scand. 11, 565 (1958). 

2. A. Kviat and A. Lunden. Z. Naturforach. 20 A, 235 (1965). 

3. L. Nilsson, J. 0. Thomaa and B. C. Tofield, J. Phya." C: Solid St. Phys. 
11· 6441 (1980). 
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SIZF. EFFF.CT OF THE ALKAI IONS 

ON THF. DIFFUSION RATES IN ~ILVER HALIDF.S 

A.L. La•kar 
Department of Physics and Astronomy, Clemson University, 

Clemson, SC 29631 

P.A. CARDEGNA 
0Pp~rtm~nt of Phy•icR, Rochest~r Institute of·T~chnoloRv, 

RochP.stP.r, NY 14623 

Recent experi~P.ntal studies of thP. diffu~inn of alkali ions in AgRr and 
AgCl have led to an intere~ting cnrrelation betwe~n the ionic size of the 
solute and its diffusion rate.l•2 A~ the mi•match between the ionic radii of 
th~ solute a~d the solven ion increaRes the diffusivity incr•a•e~ and the 
activation energv for diffu•ion decrPases. Alkali ions are believed to probe 
accuratelv the role "of ionic size effect because beina homovalent with th• 
hollt ion, they are not expected to have any a•sociation with a vacancy thr_ouRh 
coulombic forcP.•. Further, the crystal field effecta and the effP.ct Df 
d-•hell electrons of the solut~s on the motional energy nf the diffusina 
•nlutes will not p~rturb the vacancy diffuainn of these ions. 

The pre~ent resul~• of the atudy of Cs+ (1.67A) greatly oversized with 
re•pect to the host Aa (1.16A) add further ~upport r.n the earlier 
observations on the size effect+of the solutea on the diffusion rate. Our 
r••ults for the diffusion of Cs in AgCl are in excellent eRreement with the 
verv fa•t diffusion observed in an earlier studv'. The linear Arrhenius 
behavfnr for the diffu•ivitv r~sults from the fact that the expected curvature 
in the Arrhenius diffuRion plot due to the nonlinear temperature dependence of 
the Gibb's free anergy for tha formati~n of vacancias is washed out due to the 
str~••-induced binding of oleralzed Ca ion with a vacancy. Surprisin11ly th" 
diffusion coefficient of Cs in AsBr is leas than that in AgCl. This is 
indeed an exceptional case. The diffusion co~fficients in AgBr is alway~ much 
larger than that in AgBr for th• vaflt number of •olute!l (monovalent and 
divalent) studied so fllr. Further, thP. Arrh11nius plot exhibit" RliJI:ht amount 
of curvature in the hiah temperature reRion. It is suggested the size-effect 
is less in ARBr since the lattlce constant is· larger in AgBr compared to that 
in AfiCl. The solubility of Cs in AgCl is much less than that fn AsBr 
surportina the seneral fact that solutes with lower solubility exhibit hiaher 
diffusivity. 

I. Laskar, A.L., pp 59-74 in "Diffudnn in Solids" ed. A.L. LaRltar et al. 
(Trans Tech Publications, Switzerland, 1984). 

2. 

3. 

L.ukar, A.L. and CardegM, P.A., Radiation Effecu zz, 27 (1983). 

Batra, A.P. and ~lifkin, L.M., J. Phva. Cham. Solids li• 9fi7 (1976). 
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POLYMORPHISM AND .CATION TRANSPORT PROPERTIES IN 3D SKELETON 

ARSENATES Na3~t2 (As04 ) 3 (M • Al, Ga, Cr, Fe). 

F. d'YVOIRE, H. PlNTARD-SCREPEL and E. BRETEY. 
Laboratoire de Chimie Appliquee, Universitf Paris-Sud, 

91405 ORSAY Cedex, France. 

In the search for new solid electrolytes, an increasing attention has 
been given to the 3D skeleton phosphates A3M2(P04)3 (A • Li, Na, Ag, K ; 
H • Sc, Cr, Fe) particularly to the sodium members which have a Nasicon 
type structure 1 • These solids are poor conductors at room temperature but 
become superionic conductors at high temperature (o 100 ~ lo-zn-•cm- 1 ) 

through a series of phase transitions associated with changes in Na•-Na• 
correlations. 

The corresponding arsenate& Na3H2(As04) 3 don't have the same structure. 
For H • Cr and Fe, a low-temperature garnet-type form (I) and a high-tempe­
rature form (II) have been characterized 2 • For H • Al and Ca, 11 is the 
single form observed. The sodium-ion transport properties of the two forms 
are very different. 

Form I. Like Nasicon, the garnet structure contains a 3D framework 
!M2(xo4) 3J. made_up of xo4 tetrahedra sharing corners with H06 octahedra 
but the arrangement of the polyhedra is different and the structure is more 
compact [V/Z • 228 11 ·in Na3Fe~(As04)~, 237 11 in Na3Fe2(P04)3). The con­
ductivity is low (~ lo-•n •ca- at 300 C) and cation exchange reactions in 
molten salts are very slow (Li+) gr unobservable (Ag+, K+), 

The form 11 it rhombohedral, 0 R3c or R3c, leas compact than I .: for H • 
Fe, ah • 13.719 A, ch • 18.594 A, V/Z • 253 1

• The sodium ions are easily 
exchanged by Li+, Ag+ or tt• in molten nitratu. The conductivity of .. . . 
Na3Fe2(As04) 3-II is about IO times that of Na3Fe2(P04) 3 at 20"C but is lower 
at Joo•c <~ Jo-•n-•cm-1). It raiaea.with temperature accordina the Arrhenius 
law with. an activation energy of 0.46 eV. No transition appears until the 
transformation in form I occurs. . 

Single crystals.of Na3Fe2(As04)}-II have been syntheaized by a flux 
method. By varying the flux composltion, crystals exhibitina a non stoichio­
metry according to Na3+3xF•2-11 (As04)) (x' 0.25) have alao been obtained. 
The ·tructural determination of these solida is in proaresa. . 

I. H. de la Roch~re, F. d'Yvoire, C. Coliin, R. Co~a and J.P. Boilot, Sol. 
State Ionics,·9-IO, 825 (1983). 

2. H. Schwarz and""t"':"""Schmidt, ·t. anora. allg. Chem., .lli_, 31 (1972). 
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IONIC CONDUCTION IN (K,Rb}-Al-PRIDERITES WITH HOLLANDITE STRUCTURE 

S. Yoshikado, T. Ohachi, I. Taniguchi 
Department of Electronics, Ooshisha University, Kyoto 602, Japan 

Y. Onoda. M. Watanabe andY. Fujiki 
National Institute for Researches in Inorganic Materials, lbaraki 305. Japan 

The dynamics of mobile ions in one-dimensional ionic conductors 
prider1tes with two kinds of mobile ions is different from that in pr1derites 
with a kind of mobile ions in point of the interactions between mobile ions. 
The interaction between two kinds of mobile ions is characterized by the 
difference between those ionic radii. The purpose of the present work is to 
analyze the data of the complex conductivity for various (K,Rb)-Al-priderites 
(Kl-y•Rby)xAlxTis-x016 using the moving box model proposed by Beyeler et al. 
[1], and to clarify the interaction between mobile ions. 

Six kinds of single crystals of {K,Rb)-Al-priderite with x~1.5 and y 
between 0 and 1 were grown by a flux method (2]. Measurements of the complex 
conductivity between 100 Hz to 500 MHz were made with an impedance analyzer, 
and those at 9.54 and 32.55 GHz were made by the standing wave method. 

The complex conductivity function for the system with K+ and Rb+ ions is 
described in terms of the moving box model as follows: 

. (. • ) • • ( 1 2) 
·ab • iuJE:fw£0 + 1W£Ke:O OK + ORb + OKORb + m • ( 1) 

iWE:K£0 + OK + m2oRb 

where ~fw is the dielectric constant of the framework, e:0 is tha permittivity 
of free space. £K is the dielectric constant due to the polarization of K+ 
ions within the region enclosed by two successive Rb+ ions, dK and dRb are 
the complex conductivity functions for 
K+ and Rb+ ions, respectively, and 
m• (1-y)/y. The Eq.(1) suggests that the 
contribution of the complex conductivity 

10"' 

1o·• 
to·' 

for each. mobile ions to ob is determined e , ... 
by a factor m. The experimental results :f. 
of the complex conductivity db for_&. 

K0.83Rbo.68A 11.73 T i 6.2701 5.89 (KRAT0(3)) 
at 274 and 132 K are shown in Fig.l. 
The solids lines correspond to Eq. ( 1) 
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and the dashed lines correspond to 
m2aRb' Result shows that Eq.{l) derived 
in terms of the moving box model is 
adequate even for the system with ~1. 

Fig. 1 Frequency-dependence of db for 

Ko.aJRbo. 68A 11. 73 T i 6. 2 7015.89· 

[1] Beyeler. H. U. and Strassler, S •• Phys. Rev, B 24 (1981) 2121. 
[2] Fujiki, Y., Sasaki, T •• and Kobayashi, M., J. Jpn. Assoc. Min. Pet. 

Econ. Geol. 78 (1983) 109. 

P26/AC-5 ~ ~i:•CL~ CkYST~L ~iU!HG!~ D[fFRACT~O~ STUUI 0F 
THE SUP~h;~~!C ~C~F 

~ C.k.A.CJ_tlO'.J: :...1/.Ch~C\ii.~i<:£ .J.n:l G.tk .. ~tyr~· 
{I) ~~~~rtre~nt of Cn~~istry , U.C.L. Lon~o~. U.~. 

(.:: J Lit.:p.::.rt:n·...:rJI. of C:'L:::astry , Un1v1=r·sity of t<ent ,..:~nt.·_:·c~ry, U.K. 
(3} :n~titut l...lu~-L..,1na:~vln , Gr·'.:r.oolo;:, rr.,.~.n:-:: 

The ;>::rovsk~t\,; AUXl <:O:Toj)Oi.!Od~ ,_ . .1'/c! b~cn ~;xt.-.=nSiYt!>-Y ~t.:....U:..~-.J CJ 
:L"·:H .::.n:J ne ;.;t; Jn c L ffr .;,.t..:t ic..n t.~~nn.L quo;s .;.n o:-c~r to r~ 1 ... :. t: tne i)!:J S·.:o 
tt'.inSLtions ~n toes: syst.~rr..s :a tn(: rot.~ti.ons of t.h~ 3X .. o..:t...~r.;.:cr.J. 

Th:J ~i:1k stu:!les , us;.ng 1 'f r·~.L.,lx~t..:.on t~..:hn.iqu~s, gl'l':. info:-:n~:.1cn J:"l 

::-L..: Jyn.i;.d.CS :)f th'"'· f.!.uo:-t.n~ sub-luttiC.:oi;. ti~L~xutt.on tu:-.c: ~~MH. 

~~~surd~~nts Ln KC~FJ {1) coula not b~ i.ntdrpr~t:a in t_rms of snor: 
r..:..nb~;; rot~~ !.On~l mot10n!::. but on~y 1n t•.:rms of !.o:-.g run6~ \.!iffu::;;ional 
:rtJ<:t:s for t!'lt: fluortnu iO:l.S, ..;oi.lpl~d with :~ l.:.aq;o:; :1:nount of c.t.so:-at:r .. 
0:1 th-J .:.!Ot.on sub-l::attict:. Tni.;:; int~rpret.at1on is u:10t.:rpinned by 
r .... s•.J.:..ts ob~linE:<l aur .. t.ng ~.lc::tr~i.<:i:.l :on:Juctl·;l.:,y mcasurt.:ments (1). 

Tn~ L.bova d:itO. :;;uggest th~t :neri.' is uxt.;nsi vc th!H''tr.c.~ (;Cn~ru.tion 
of c.·f-::..:~s it t'-'•,t>'.:r..:..turi:S .:above: 300° C t.n this m:.teri31. ne n.:,'/c 
th-:=r··-fo:--:.: p~rfo:"me~ .:a. hiOh r'=solution single ·crystal n:.!utron 
Oif!'~~;;~ion stu~y on thl3 ~~t~ri~l at t'mp~ratur~s of 4~c~ C anc 700~ 
c t.r. O:"'O~r to Ot>t:..tin Ci.r.::ct informu.t ion on i t3 aar~ct stru.:.;tL;.:"'t:. Tn.:; 
ex.perim=nt.S W-=r·e performe!Q on th~ fo~r \.:lrcl-. instrumt!nt 01'} ot. th~ 

..~..L.L.. u..:.i:-,g J. neutr-on 'li.;.aVel~ngth or 0.7~ A .Tn-::: v;...lu~ of tnt~ type 
of c t.ffr ..... ct. io:1 stuay on nigh tc:mp(.rature super ionic syst-:ms na:~ b~""n 
un:~UlVO~~·ly ll~monstr~t~d by tn~ >IO~k of S<:hulz .:.nd co-;,or·~crs {£) •. 

D•t~ hiovc be~n •n~lys~d bl both fourier synth;sis ~nd lt:as:. 
squ.r"s rdfln:m•,nt. Dlff.,r;,ntiaticn of til~ point a;,fo~t for~r.ations 

frvrr. th~ l~rge <lyn.~i.c t:ffects en:.:ount~r\::d in superionic m ... teriols w.;.as 
~ld.eu b:f :he utilis.J.tion of hi.~Sh ord!:r tt:.rms in the temper.,turi! 
fuotor t!Xpr.oSS100. Tna resu1ts f1n<l complex diStributions Of the 
s~3tt;:ring d<::tSltY about th~ c.1i..:ium ·lnd fluorin~ si:·J,s. ln this 
pr•"s:ntiotlon "" intend to discuss th~ possible O·~ft!ct moC:els for this 
m< .... terial S!J~&,ested oy the various exp~rir.:-ant<.1l t·)chniqu~s :.nd rcl<;&te 
tn~m to th~ existtnce of high fluorin;; moblliti~s in tha perovs;(ite 
~tru~tur~. · 

( 1) A.V .Chaowicl<, J .H.Strange , C.A.k~nieri ,ona ~ • .Ter~nzi 
Soiia St~te lonics 11 10 555 (1983) 

(2i h.$cnulz anc! U.H.Zu·o~~r ibid 41 ( 1953) 
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oLECTRICAL CJt<vUC'Tl-;ITY, S~LF-DIFFUSION AND F'HASE DIAGRAJ-: OF 
L!•riiUM SULFATE - LITHIUM CHLORIDE. 

Arnold Lunden and Hlkan Ljungmark. 
Department of Physics, Chalmers University of Technology. 
S-412 96 Gothenburg, Sweden. 

The phase diagram of Li2so4-LiCl has been determined by means of differential 
thermal analysis, DTA. The electrical conductivity has been measured for 
2.~ to 33.2 mole ~ Li2c1 2 for temperatures above 480°C. Self diffusion of 
Li and Cl ions has also been studied in the same concentration range. The 
system is a simple eutectic vith the eutectic point at 484°C and 44 mole J 
Li

2
Cl

2
• The solubility of LiCl in Li2so4 is very small but for both cubic 

and monoclinic Li
2
so4 a plastic paste is formed in the tvo phase region. 

This makes mixtures vith .a lov content of LiCl or· interest both for electro­
lytes in pover sources and for the storage of latent heat in the vicinity 
of the solid-solid phase transition at 575°C. 

Electrical conductivity measurements for some Li2so4-LiBr mixtures indicate 
that this system is very ·similar to Li2so4-LiCl. A previous study of anion 
diffusion in Li2so4 is reinterpreted, 

.. 

P28/AC-7 

EFFECT OF PHASE SEPARATION AND CRYSTALLIZATION ON THE 
CONDUCTIVITY OF a-FIC 

Wen-Hai Yu and Yuan Yang 
Department of Physics 

University of Science and Technology of China 
Heifei, Anhui 

The People's Republic of China 

By continuous measurement of conductance, it has been 
discovered that the amorphous fast ionic conductor (a-FIC) 
B20 3-0.7Li2()...{).7LiCI-0.1AI20 3 exhibits anomalous conductivity 
behavior during the period of isothermal annealing below the glass 
transition temperature of Tg. 

Detailed differential scanning calorimeter (DSC) and X-ray 
diffraction analysis (XRDA) have demonstrated that the anomaly is 
due to the amorphous phase separation and crystallization; the 
former leads to the maximum of the conductivity of specimen. The 
results of DSC and XRDA have also indicated that the composition 
of the separating amorphous phases is the lithium borate glasses 
containing and absenting chlorine. and that of the forming 
crystalline phases is Li4B70 12CI and Li802" 

The different crystallization rates of the two phases have been 
compared. And by the method of phaSe transition dynamics, the 
values of the activation energy of crystallization from the amorphous 
phases have been determined: 86.9 and 94.7 kcallmol for 
Li4B70 12CI and LiB02, respectively. 

Considering that the conductivity values of the 
above-mentioned phases are lower than those of the amorphous 
matrix, we propose that the interfaces between amorphous and 
amorphous phases and amorphous and crystalline phases, 
especially the former, cause the increase of the conductivity of the 
zpecimen, and discuss the effect of phase separation and 
crystallization on the . conductivity of a-FIC • 
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NEUTRON DIFFRACTION OF 'B' AND 8"-ALUMlNA PHASES OF THE SAME COMPOSITION 
K. G.Frase, R.S.Roth and A. Santoro 
National Bureau of Standards, Gaithersburg MD Z0899 

The details of the phase-equilibria in the Na-Mg-Al oxide system of 
the beta/beta"-alumina family of solid electrolytes has long been uncertain. 
Anomalies appear in the compositional and thermal boundaries to particular 
phase fields, and anomalous phases such as "ion-rich beta-alumina" appear 
in some high temperature crystal growths. In addition, the question of 
short- or long-range ordering, particularly in beta"-alumina, has been 
discussed without consensus for years. By using low temperature alko&ide 
synthetic routes to produce ceramic powders in the Na-Mg-Al oxide system, 
we have demonstrated that for a norAinal beta"-alumina composition 
(Na1.67Mg_ 67A1 10•33o17 l, two crystal structures form as a function of 
synthetic method. A comparison of neutron diffraction (powder profile) 
structural results for these two structures (.the beta"-alumina and the new 
'solid solution beta' structures) from a single composition is presented, 
and related to the critical issue of Kg-ordering in the spinel block. 

P2/BA-2 

E:X.I.FS STUDIES OF NO Ill P"-ALUI:lllA SINGLE CRYSTAL1 

R. wong and W.L. RoU1, Devartmu11t of Ph~sics, s.u.N.L Alui&hh Alba"~· N~ 
1222l anci B. D"un, Uo:par·tlll;,nt. of Haterial» Sciomcc, U.C.L,A., Los Allj,o:l"~• 

CA 09924 

Exlencieci X-ray Absorpticn Fine Structure !E:XAFSl d<ot<o have beer. 
coll.,ct.eci on a sin&le crystal of Iii• jl"-alumina in wr.ich JS'• of tt.e Ua • 
ior:~ i:<ov~ ~Hr. ior.-exchangeci witio lldl+. The wori< h beiro{, uncicrlaken t~ 
resoiv<. ar. avpar·ent contradictior. betw .. er. x-ra) diffraction sl10die~ 
which indicate t~at the Nd ato111s are prilllaril;r in the m;;.ti-cxn;ton site and 

. o~Lic"l studie:; which Sll6l;t:St that the Nd atct!ls ar·t: in a nor.­
celltrosy~etric enviror ... ent. In order to investi~;ate the local structure 
"~out Na, fluor·e~cer.t spectr·a a~ove tioe lid L3-ed&e have been ta>;en at roor.. 
tea~erature. The E:XAF!i spE:ctra wer·E: collectE:oi at the Cornell Hi!h En«rg;r 
S)·nd.rotron So10rc£ (CHESS) on a small cr;rstal plat~ (about 1 ..., in orca 
ar.d 0.3 t1t. thick), Tn~ ltd, ~ .. an<! colw:::~ <JXfii"" (u(S)) atc.t1::. for11o a 2-
dim<onsion;;.l structure in the conduction plane. and therefor·" spectra were 
collected with the x-ra:r polarization vector (larallel and at 4S 0 to the 
cleavag~ face in order to probe the anisotrop;r of the Nd environment. The 
fourier transfort~~d data show marked differences for the two orientations. 
indicating that it u.ay be possible to determine differences in bond 
le~~&ths in the conduction plan«. However, the interpretation of EXAFS 
fluorescence spE:ctra collecteci from the singl« cr;rstal is complicated by 
the existence of man:r strong Brag peaks whicb must be eliminated or 
corrected for in the anal;rsis. We bave ""c:ceecied in obtainill& EXAFS 
spectra that ar" near-l~ frEo<o of x-ray contamination b;r &r&gg scattering b;r 
adjusting the orientation of the crystal to minimize tbe number of Braga 
reflections incident on tbe detEoctor and aasking strong reflections with 
Pt. absorber:>. Tho: UAFS anal;rsis is being refir.ed by non-linear least 
square fittin& to remove the contributions of the rf:lllain:i.ro& Braag 
reflectio~s. Ir. ttis paper, radial di,.tribuLion fuoctions and fits of the 
spectra to single-distanc<o and two-distance models will be presented ar.d 
ciisc:usseci witt-, relatior. to the structures found b)' x-ray diffraction and 
:>pectroscopy. 

(1) This work was supported in part b;r the Office of ~aval Research. 
(2) Private co~ur.ication fro~ J.L. Tto~as. 
(3) t:. Janser. et al .. Optics Letters !!!• 119 (1984. 
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S'ruDY OF Na+ rcriCilS IN B Al20) BY QUASI ELASTIC 
NEI!mCil SCATI'ERltC MEASUREMENTS 

+ 
G. UCAZFAU, J.R. GAV.ARRI, A.J. DlliNOOX 

Laboratoire 0\imie-Physique du Solide; et U.A. au CNRS N" 453, 
Universite Paris-Nord, 93430 Villetaneuse, France. 

+Institut Laue Langevin, Grenoble. 

Polycrystalline s~le of Na+ 8Al201 (Al11 017 + >112 Nat+x with 
x a 0.25) has been investigated on a time of flight spectrareter (IN6) at 
77, 317, 473, 573, 673 K, using incident wavelengths of 4.1 and 5.1 A" 
giving an average resolution of 0.180 and 0.130 rrev respectively. It is the 
continuation of previous experiments on Na and 1lq B Alumina& (GAV.ARRI). 
Long recording times (~12 h) anii the high efficiency of IN6 ha'ile allowed to 
overcare the problem of the low scattering length of Na. 'lhe quasi elastic 
signal (QESl has been studied as fWlCtion of the scattering angle and of 
the teuperature. !Or Q-1~·· at 2oo•c:; the full width of the QES is twice 
larger than for .~~q+ B Al2o3 • Am:lng the various ncdels used for deriving a 
scattering function able to fit the experimental QES, two ncdels have been 
selected : (i) for local IIDtions, forth and back single particle j~.~~tps 
between BR and three surrounding nO sites, (ii) for delocalized IIDtions 
(involved in conductivity process) : jl.ll!pS bet10een Br-110-aBR-110-BR-sites 
including single particle jl.ll!pS and pair j~.~~tps, the last process being 
likely the IIDSt·probable. 

At 2oo•c, the QES is dal\inated by lC?t!l IIDtions, characterized by a 
rrean correlation time equal to t • 3xl0- s and an activation energy of 
0.04 eV. 

At 3oo•c and 4oo•c a second type of I!Dtion is observed likely 
associated with delocalized IIDtions. A rrean correlation tirre of 3xl0- 0 s 
at Joo•c and an activation energy of about 0.1 ev are derived. 'Ihese 
results are calil&red with NMR studies (BAILEY, JERQoiE). 'lbe OCCllpiltion 
probability of the BR site and the ratio of fi.xsd Na + to I!Dbile Na + which 
are paran-eters fitted in our ncdels ~e 1oell with literature data 
(Rani, BJILOO'). C>.1r results are also discussed& in terms of the 
conductivity I!Ddels (WOLF) and theroretical papers giving S(Q,W) for 
neutron scattering of superionic conductors (DIE'l'ElUOl, GEISEL). 

P4/BA-4 

Conductivity and Structural Analysis or Co2+ Stabilizedp'' ·Alumina 

S.Cben, DR Wbjte, M.Sankararaman, H.Sato, J.B.Lewis" and W.R.Robinson" 
School or Materials Engineering, Purdue University, West LarayetLe, IN 47007 

The substitution or divalent metal ions ror aluminum ions at the tetrahedral A1(2) sites 
or the spinel blocks tend to stabilize the ti' ·alumina structure over the /1-alumina struc­
ture. Thus rar, thv Jl''·alumiua laUicc b3ll bveu knowu to be stabilized by Mg2+, Fv:+, 
Ni2+ I Zn2+ and Co2+. i>ue to charge compensation, this substitution process is 
believed to remove extra oxygen ions rrom the conduction plane, thereby indirectly 
affecting the ionic conductivity. In order to understand te general relation of the etrect 
or divalent metal ions on the ,8-alumina structures and its etrect on the conductivity, we 
have investigated the consequence or addin& Co2 + ion into both the ti' · and the /1-
alumina lattice. 

Single crystalline Co2+ stabilized /1' -alumina bas been synthesized by a llux growth 
technique using Bi20 3 as the Bux. Its structure was determined by X-ray crystallo­
graphic means. The substituted Co2 + ions was found only at the Al(2) site. Spectros­
copic studies or the electronic transition or Co2+ ions also support the concept that the. 
dopant ions are in distorted tetrahedral environment Co2+ doped ,8-alumina c.rystals 
were made by a skull technique. Chemical analysis of these· two materials indicated 
that the Co2 + ion concentration may be important in the formation of ooe phase over 
the other. The temperature dependent ionic conductivity of Co2+ stabilized {i'. 
alumina, Co2+ doped ,8-alumina and undoped ~alumiila bas been measured and com. 
pared between 25"C and 450"C. A detailed conductivity analyais wu made. by a phase 
synchronous detection system iD the freqaeocy range 100 Hz to 10 MHa. The conduc­
tivity is highest in the stabilited· ;4: •alumina and the lowest iD the undoped ,8-alumina. 
For Co2+ doped /1-alumina, a slight bend in the conductivity at arouod 250"C iS seen. 
The analysis or the conductivity, and in particular, the etrect of the dopant eoz+ iooa 
on the resultiD& conductivity will be discusaed. 

"Cbemi:.Lry Department, Purdue University 
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A COMBINED HRXV AND HH!I STUDY OF DEGRADATION COLLAPSE IN 
NH 4+tu3o+ 8"-ALUMINA 

John o. Thomas, 1 Anders Eriksson, 1 J~rgen Kjems 2 and 
Amanda Petford3 

1Institute of Chemistry, University of Uppsala, Box 531, 
S-751 21 Uppsala, Sweden 

2Ris9 National Laboratory, P.O. Box 49, DK-4000 Roskilde, 
Denmark 

3Department of Metallurgy and Science of Materials, University 
of Oxford, Parks Road, Oxford OX1 3PH, England 

One of the most promising proton conductors discovered to date, 
as seen from a technological standpoint, is the mixed-ion sys­
tem Nu4•;u3o+ B"-alumina (see Re6. I and references given there­
in). It has been found, however, that a loss of NH 3 occurs 
above 200oc (Re6. 2), accompanied by a significant drop in 
conductivity. It is thus important to ascertain the response 
in the crystal microstructure to this deammoniation process. 
In the work reported here, high-resolution X-ray diffraction 
and electron microscopy (HRXU and HREMl are combined to this 
end. 

The HRXV shows the emergence of extra reflections which cannot 
be indexed on the basis of the 8"-alumina cell, but rather in 
terms of a structure sub-unit comprising a pair of spinel­
-blocks with the interleaving conduction plane missing. 

This can, in turn, be related to HREM observations of the 
development of extended regions in which alternate conduc­
tion planes are missing, giving double spinel-block regions 
-20.7 A thick. Moreover, under higher electron-beam current, 

clear correlation could be observed in the propagation of the 
collapse-planes across the crystal. Regions could also be 
distinguished where the conduction planes appear to swell in­
to disc-shaped pockets (presumably containing evolved NH 3 gas), 
prior to collapse of the planes. 

Re6~~ence4 

1. G.C. Farrington, K.G. Frase & J.O. Thomas. In Advance~ in 
Mate~~al4 Science, 1984. 

2. J.O. Thomas, K.G. Frase, G.J. Mcintyre & G.C. Farrington. 
(1983) Solid State lonic4, 9/10) 1029. 

P6/BA-6 

RA!'\A!\ SI'I:.CTJ(,\ OF CAll:·an; Cl>:;J,\I:;J:.t: bJ:J;,-ALr:·:I!\,\ CKYSTALS. 

G. t-1ariotto 

Dipartimento di Fisica, Universita di Trento, 38050 POVO (Italy), and 
Centro C.N.R. di Trento, 38050 POVO O.taly). 

Room temperature Raman spectra in the region between 7 cm-l and 1000 
cm-l have been performed on mixed Na-Cd beta-alumina single crystals, {or 

+ l+ 
different amounts of Na ions exchanged with Cd ions. 

Our data agree with the Hattori et al. one.s (1): the most important var­
iations in the spectra, for all !~e polarizat!yns, occur in the low frequen­
cy region, mainly between 20 em and

2
+40 em , due to the appearance of 

two Raman peaks associated with the Cd ions vibrational motion. These two 
features show a remarkable increase for both the intensity and the peak fre­
quency, when the percentage of the exchanged sodium passes through the value 
of about 40%. Such effects seem to be non linear versus the cadmium concen­
tration, ~hawing a switch between ;wo different vibra~ional dynamics regimes 
below and above the fraction of Na exchanged with Cd for which the dis-
tribution of cations over the different sites of the conduction plane ap­
proaches the stoichiometry (i.e.: one cation for each elementary cell). The 
change between the two ~ifferent vibrational situations i1 !l•o reflected ~l 
the behaviour of the Na ion Raman band, centered at ~ em : when the Cd 
content reaches the value giving the stoichiometric-like condition, a de­
creas: in the bandwidth il observed, suggesting a more ordered distribution 
of Na ions among the mirror plane site•. This "ordering" effect is even 
more clearly revealed by the behaviour of so~ spinel block modes: in fact, 
they show a bandwidth minimum when the Na+/Cd +ratio matches the abovesaid 
value. On the other si~!· the broadening of the•e spinel block modea at more 
hifh percentages of Cd ions is probably due to the increasing number of . 
Na vacancies in the conduction plane. 

All these phenomena are consistent with the observed switch in the ionic 
co~ductivity from the interstitialcy mechanism to the vacancy one, when the 
Na replacement passes through about 40% (2). 

1) T. Hattori et al., Solid State Ionics 9&10, 215 (1983) 
2) P. H. Sutter et al., Solid State lonics 9&10, 295 (1983). 
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INVESTIGATIONS OF CATION ORDER IN Nd-, Gd- AND 

Eu BETA" ALUMINA USING HIGH RESOWTION TEM . . 
~eter K. Davies, Amanda Petford and Michael O'Keeffe 

Department of Materials Science, University •f Pennsylvania, Philadelphia, 
PA 19104 

•Department of Chemistry, Arizona State University, Tempe, Arizona 85287 

The recent observations of trivalent ion-exchange in beta'' alumina 
systems have led to the discovery of a new family of lanthanide solid 
electrolytes Ill. Farrington et al. have also shown these materials are 
of~considerable interest as a resUlt of their optical properties (2). 

In this paper results· of a High Resolution TEM study of Nd, Gd and Eu 
beta" alumina will be presented. Using Phillips 400, 430 and JEOL 200 CX 
microscopes we have conducted microdiffracti6n and high resolution investi­
gations of the respective fully exchanged materials. The samples were found 
to be stable under the electron beam for extended periods of time. 

Our results indicate each compound shows both inter-planar long-range 
cation order and strong intra-planar correlations. A superstructure in 
which all the original hexagonal unit cell axes are tripled has been char­
acterized. A model for the cationic positions in the ordered structure will 
be presented. 

In Addition to the ordered regions considerable micro-structural inhomo­
geneity was observed in each case, with many intergrowths of a 'disordered' 
phase ~being present. Results of experiments on the affect of Na substitution 
upon the long-range order in Nd-beta" alumina will also be given. 

Ill B. Dunn and G. c. Farrington, Solid State Ionics, 9/10, 223 (1983). 

(2) M. Jansen, A. Alfrey, 0. Stafsudd, B. Dunn, D •. Yang and G.· c. Farrington, 
Optics Letters,~· 119 (1984). 

This work is supported by the NSF under grant DMR 8316999 (P.K.D.) and by 
grant DHR 811.9061 (A.P. and M.O'K.). 
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NONSTANDARD BEHAVIOR OF POL YCRYST ALLINE 
{l/{l"-ALUMINA MEMBRANES IN SODIUM ENVIRONMENT 

G. Staikov, P. D. Yankulov and E. Budevski 
Central Laboratory of Electrochemical Power Sources 

· Bulgarian Academy of Sciences 
1040- Sofia 

Bulgaria 

It is known that in the sodium-sulfur system, the solid 
electrolyte/sodium interface is mainly responsible for the 
degradation of the polycrystalline p/p"-alumina. This process 
consists of the propagation under the action of electric current of 
sodium-filled cracks {mode I degradation) and/or internal sodium . · 
electrolysis with associated microcracking {mode II degradation). 
De Jonghe showed that degradation mode II is preceded and 
favoured by the par:tial reduction of fl/fl"-alumina in molten sodium, 
which manfests itself in the darkening of the ceramic {chemical 
coloration). 

The present work deals with the behavior in a sodium 
environment of polycrystalline p!p"-alumina membranes fabricated 
in our laboratory. Specially designed sodium/sodium cells were 
used which enabled: {i) the use of high purity sodium, purified in the 
cell by electrolysis through an additional fl/fl"-alumina membrane; 
{ii) the estimate of the faradaic efficiency during current flow, which 
is a measure of the degree of degradation (appearance of electronic 
conductivity); {iii) the simultaneous study of degradation modes I 
and II, and of the chemical coloration process of the solid 
electrolyte in contact with both molten sodium and sodium. vapour. 
The experiments were performed at 350"C with a current density of 
1 A-cm-2. Two kinds of samples were studied: with the symmetric 
and asymmetric behavior of the polarization at the fl/fl"-alumina/ 
molten sodium interface. 

The results showed that in the case of symmetric membranes, 
failure {i.e., appearance of a considerable electronic conductivity) as 
a result of mode I degradation is observed only after passing more 
than 1500 A-cm-2, while the asymmetric membranes fail 
considerably earlier. Mode II degradation and the chemical 
coloration processes proceed also at higher rates in the asymmetric 
samples. 

In accord with De Jonghe's results, we also observed a 
parabolic relationship between the thickness of the colored layer 
and time. It was found that the rate of the chemical coloration 
process of polycrystalline p!p"-alumina is one and the same in 
molten sodium and in sodium vapour. A clearly expressed influence 
of the electric field on the rate of the chemical coloration process in 
molten sodium was observed. All other conditions being equal, the 
thickness of the colored layer on the cathodic side is considerably 
larger and on the anodic one considerably smaller than that 
observed in the absence of an electric field. 
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CONDUCTIVITY OF MgO-DOPED Zr02 

Tinglian Wen. Xiafei Li. Zhoukun Kuo and W. Weppner• 
Shanghai lnstotute of Ceramocs, Academoa Sinica 

865 Chang-ning Rd. 
Shanghai 

China 

"Max-Pianck-lnslitut fur Festkorperforschung 
0 - 7000 Stuttgart 80 

Federal Republic of Germany 

Stabilized Zr02 is one of the most important oxide solid electrolytes at 
high temperatures. The conductivoty characteristics on systems at Zr02-Ca0 
and Zr02-Y 2oJ have frequently been reported in the literature The purpose of 
the present work is to investogate the conductivity at Zr02 doped woth MgO. 
The sintered specimens woth MgO dopants, ranging from 4.7 mol.% to 12.7 
mol.%. were obtaoned by sontering at 1600"C the Zr02-Mg0 powders prepared 
by thermal decomposition at the mixtures of zirconium and magnesium 
hydroxodes. whoch had been made by coprecipitatoon of ZrOCI2 and MgC12 under 
addotoon of NH40H. 

The specimens were used as the electrolytes in such symmetric cells as: 
air. Pti(Zr02J,. ,(MgOJ,lPt, air tor the conductivoty measurement. which was 
carroed out using the complex impedance bridge during heating and cooling 
runs at temperatures of 45~1450"C. It was observed that the conductivities 
increased with MgO dopant from 4.7 mol.% to around 8.2 mol.%. and decreased 
with the further increase in MgO content. A maximum of conductivity was 
achieved at -8.2 mol.% MgO, amounting to 2.43 10· 2 ohm· 1-cm· 1 at tOOO"C • 

The dependence of conductivity upon temperature exhibited thermal 
hysteresos. A jump in conductivity occurred at 11~1t50"C during heating in 
case of MgO dopant lower than about 8.0 mol.%. whereas a sudden drop in 
conductovoty was observed on the same specimens at around ooo•c during 
cooling. The jump and drop on conductivity diminished with increase in MgO 
content. As to the specomens containong MgO dopants higher than 8.0 mol.%, 
the thermal hysteresos did not appear. 

X-ray diffraction analysis at high temperatures showed that the thermal 
hysteresos in conductivity may be attributed to the transition between monoclinic 
and tetragonal phase. The change in conductivoty with MgO content was 
discussed in terms of the phase transition at Zr02, depending on X-ray patterns 
and the association at oxygen vacancies with dopant cations. The results may 
indicate that the tetragonal· solid solution at Zr02 probably is the other good 
oxygen ion conductor. better than the phase with fluorite structure. 

The emf was measured on an oxygen concentration cell such as: air, 
PtJZr02(MgOJIPt, 0 2 + N2• using a tube specimen as the electrolyte in order to 
estimate the average transference number of the . specimen. The results 
suggested that oxygen vacancies are the predominant mobile species as in the 
other cation-doped Zr02 electrolytes. 
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OXYGEN DISORDER IN THE FLUORITE-TYPE CONDUCTORS 
(Bi 20 3 J1_x(Gd 20 3Jx BY X-RAY ~NO EXAFS ANALYSES 

Kichiro KOTO, Haruki MORI and Yoshiaki ITO 

Institute of Scientific and Industrial Research, 
Osaka. Univ., Mihoga-oka, Ibaraki, 567 Japan 

Of oxygen conductors, .6-Bi203 is the best known conductor, 
with a conductivity more than ten times that of conventional 
oxide conductors such as stabilized zirconia. 6-Bi20J can be 
stabilized by adding metal oxides at low temperatures but 
generally has lower conductivity than pure Bi20) (Takahashi 
et al., 1975). 

To elucidate the conduction mechanism and the reason of the 
lowering of ionic conductivity due to additions of metal oxides 
to Bi20), the relations between oxygen disorder and conductivi• 
ty have been investigated by x-ray structure analysis and EXAFS 
spectroscopy. 

Powder samples were first synthesized from mixture of both 
oxides in appropriate compositions at high temperature in 
platinum crucible. The fluorite-type single crystals of the 
(Bi20Jll-xCGd20Jlx system compounds Cx•O.l0,0.15,0.20,0.25 and 
0.30) were obtained by heating the corresponding powders above 
melting point, annealing at about lOOO"C below melting point 
and then quenched into cold water. The single crystals thus 
obtained were ground to spherical shape with diameter -lOOum 
for x-ray study. The lattice constants versus compositions 
were in good agreement with those of powder (Takahashi et al., 
1975). The compositions of the samples were confirmed by site 
occupancy refinements during the structure study. The 
structure analyses were focussed on the relations between 
oxygen disorder and compositions. 

The oxygen ions distribute statistically in the tetrahedral 
voids of the fluorite-type structure. The displacements of 
oxygen ions from the normal tetrahedral site (xxx:x•0.25J were 
observed. The magnitude of displacement parameter 6 (x•0.25+6) 
has close relation with content of Gd203. The value of 6•0.044 
for 10 m/o Gd203 crystal is two-thirds that of 6•0.066 for the 
pure Bi203 at 774"C (Harwiq, 1978). For 25 m/o Gd203 crystal, 
the displacements could be little observed. The results 
indicate that extent of oxygen disorder has close relations 
with content of Gd203 and ionic conductivity. 

X-ray absorption measurement's near the Bi-L III edge(l3.426 
KeVJ were made in transmission with Synchrotron Radiation at 
National Lab. for High Energy Physics, Tsukuba, Japan. The. 
measurements were carried out for the powder samples with 
compositions of 10 and 30 m/o Gd203 at room temperature. The 
powder was prepared by heating the mixture of Bi203 and Gd203 
in powder form at about 9aa•c. The fluorite-type structure was 
confirmed by X-ray diffraction methodbefore EXAFS measurements. 

In obtaining the EXAFS function X(k), the background level 
was subtracted from the observed absorption coefficient by 
using a Viktoreen fit and the absorption coefficient for the 
isolated atom was obtained by the cubic spline technique 
(Maeda et al., 1982). 

The conduction mechanism is discussed based on the results 
of X-ray structure analysis and EXAFS. 
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SPECIFIC HEAT OF NON-STOICHIOMETRIC Ce0 2 

I. Riess, Physics Department, Technion, Haifa 32000, Israel; ~1. Rieken and J. 
NOeTtTni. Department of Physical Chemistry and SFB 126 of Goettingen-Clausthal, 
Goettingen University, 6 Tammannstr., D3400, Goettingen, Federal Republic of 

Germany. 

Cerium dioxide, Ce02 , is reduced at elevated temperatures, T, and low oxygen 
pressures to form so-called nonstoichiometric phases, CeO . For 
T > 921K, 2>y>l.88 a single a phase exists for "'hich y may ob~ain a continuum 
of values. At lower temperature reduced ceria exists of discrete conipositions~· 2 

Similar phases were observed in the oxides PrOY and Tb0y.3 

The oxygen vacancies in ceria are quite mobilf· Therefore doped Ceria was 
considered for use in high temperature fuel cells. ,S Reduced ceria is a mixed 
conductor with a dominant electronic conductivity. 

~; structure of reduced ceria phases was investigated by X-ray diffrac- 1 
tion, • neutron diffraction,? and electron microscopy.8 Thermogravimetric , 
electrical conductivity9, seebeck9, emflO, and heat of oxygen solutionll measure­
ments reveal some of the thermodynamic· properties of reduced ceria. 

A measurement of specific heat, cp• was however not done so far. We report 
here on cp measurements on reduced Ce02 in the composition range Ce02-Ce01.1 
and temperature range 320-12001(. The oxide was reduced in situ allowing the 
variation of the composition in small steps. The temperature was scanned con­
tinuously. This yielded detailed information over the y,T plane enabling the 
construction of a new phase diagraT for CeOy· It differs from that assumed so 
far and given by Bevan and Kordis. Phases outside the homologous series Cen02n-2 
as well as new transformation temperatures, were observed. The Co data for two 
coexisting phases and their first order transformation is presented and analyzed. 
Values for the standard enthalpy of the phases are evaluated. Non-equilibrium 
effects are discussed. They are inherent to the two phase transformations and 
are due to increased local pressure on incapsulated crystallites. 

1. 
2. 
3. 

4. 
s. 

6. 

7. 
8. 
9. 

10. 

11. 

D.J.M. Bevan and J. Kordis, J. Inorg. Nucl. Chem. 26, 1509 (1964). 
M. Rieken, J. Hoelting and I. Riess, J. Solid State-Chem. 54, 89 (1984). 
L. Eyring in "Solid State Chemistry of Energy Conversion and Storage", ed. 
J.B. Goodenough and M.S. Whittingham, p. 240, Adv. Chern. Series 163,Amer. 
Chern. Soc. Washington, D.C. (1977). 
P.N. Ross, Jr., and T.G. Benjamin, J. Power Sources 1, 311 (1977). 
I. Riess, D. Braunshtein and D.S. Tannhauser, J. Am. Ceram. Soc. 64, 479 
(1981). --
G. Brauer and K. Ginerich in "Rare Earth Research", ed. E.V. Kleber, Lake 
Arrowhead, CA 1960, p. 96, The MacMillan Comp. (Pub. 1961). 
S.P. Ray, A.S. Nowick and D.E. Cox, J. Solid State Chern. 15, 344 (1975). 
P. Knappe and L. Eyring, to be published. --
H.L. Tuller and A.S. Nowick, J. Phys. Chern. Solids 38, 859 (1977). 
F.A. Kuznetsov, V.J. Selyi and T.N. Resukhina, Dokl:-Akad. Nauk. SSSR 139, 
1405 (1961). -
J. Compserveux and P. Gerdanian, J. Solid State Chern.~. 73 (1978). 
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INCOMMENSURATE STRUCTURES IN THE f.c.c. PHASE OF STABILIZED Bi 2o3 

s. Suzuki, H. Iwahara•. and M. Tanaka 

Department of Physics, Faculty of Science, Tohoku University, Sendai 980, 
Japan 

*Department of Enviroment Chemistry and Technology, Faculty of Engineering, 
Tottori University, Tottori 680, Japan 

Among the stabilized Bi 2o 3, (Bi2o 310 8!?!Nb2o 510 •15 and (Bi20 310 . 73 
(Y 20 310 27 have very high ionic conductivlt1es, whoae values are &bout ten 
times as high as the value of the stabilized zre2• In order to reveal the 
mechanism of the ionic conduction of these materials, the spacial arrange­
ments of the cations and anions have been studied by the selected-area 
electron diffraction and high-resolution electron microscopy. One of the 
authors (H.I.I made the polycrystals of (Bi~3lo.8s<Nb20slo.1S and 
(Bi2031o.73<Y2o31o. 27 by sintering at 9000C and 10oo•c, respectively. 
Thin single-crystal fraqmants were selected out from the polycryatals for 
the specimens of electron diffraction and electron microscopy. 

(Bi203~ 8s<Nbs:Oslo,li Incommensurate satellite reflections have been 
observ at t poa1t ona of 0.366•4t11 from all the fundamental reflec­
tions. The crystal structure imagea by the incommenaurate reflections 
show that two commensurately modulated atructurea which are modulated by 
the periods of two- and three-timea the (1111 spacing of the f.c.c. Bi~3 
are mixed randoaly with the average volume ratio 0.27 x 2 1 0.73 x 3, re­
spectively. The inco-nsurate value 0.366'4111 h obtained frOID the 
average volume ratio by the calculation (0.27 x 2 + 0.73 x 3)-1. 

It the bismuth iona occupy ell the cation aitea in every two- and 
three-(1111 planes, the bismuth-ion concentration is expected to be ·o.838 
by the formula 4a-6a2+4a3-a4, where ~.366 and the value agrees well with 
that expected from the chemical fon~Ula, 0.85. When the (1111 bismuth 
layers are formed, to maintain the local char9e neutrality, the (1111 va­
cancy layers in the anion aublattice may be likely to be formed adjacent 
to the bismuth layers, although the vacancy layers are partially occupied 
by oxygen ions because the vacancy concentration is lower than the biamuth 
concentration. The cloae inspection of the crystal structure images give 
a confidence about the validity of theae apeculationa. That ia, the dark 
lines run along the [111) direction and are accompanied by white dotted 
lines. The dark linea would correspond to the (llll bismuth layers and 
white dotted linea to the vacancy layers. 

Localized diffuse acatterin9 appears at the poaitiona of 0.159'4~00 
from the fundamental reflections and hea a completely different intensity 
profile !rom the incommensurate satellites. Its origin is under investi­
gation. 

(Bi20Jlo 73IY20alo 21 Sharp streaks appear along the 11111 direction 
and connect fun amental reflections. This indicates that there exists the 
modulated structures similar to the (Bi~3 lo.as<Nb~slo. 15 caae. However, 
the structures in thia case have almost continuous modulation apacinga 
along the [111) direction. 

The high ionic conductivities of these systems can be explained, be­
cause the oxygen ions in the vacancy layera would move much easier than 
in stabilized zre2• 
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A STRUCTURAL STUDY OF THE MIXED OXIDE CONDUCTOR M,O,-DOPED Bi.O, 

P.O. Battle,' C.·R.A. Catlow' and L.M. Moroney' 

'Department of Inorganic and Structural Chemistry, 
Leeds University, Leeds LS2 9JT. 

'Department of Chemistry, University College London, 
20 Gordon Street, London WC1H OAJ. 

The fluorite-structured 6 phase of Bi,O,, stable only above 730•C, 
exhibits a very high oxygen ion conductivity of approximately 1 'r'cm·• [1 ). 
The addition of certain trivalent metal oxides such as Y,o, and the rare 
earth oxides to Bi,O, enables the superionic fluorite-structured phase to 
be stabilised at room temperature [2]. The mixed-metal systems, however, 
have a higher Arrhenius energy for oxygen ion migration and thus, a lower 
ionic conductivity. 

In this paper, we report the results of a structural study of the 
fluorite phase of Y,O,-doped Bi,O, by a concerted use of Bragg and diffuse 
scattering techniques and EXAFS with a view to determining the means by 
which the dopant ion stabilises the fluorite phase and its effect on 
vacancy ordering within the material at roam temperature and at elevated 
temperatures. 

Neutron scattering data have been obtained for two members of the 
(Bi,O,l, .•• (Y,O,\. system with x • 0.21 and 0.40 at roam temperature and 
750°C. These reveal an increase in the number or <111>-displaced anions 
as the Y,O, concentration decreases, i.e. as the oxygen ion conductivity 
increases. There is also an increase in the number or <111 >-displaced 
anions when· the sample is heated to 750°C, although the occupation of 
these off-lattice sites is considerably lower than was observed for the 6 
phase of Bi,O, [3]. The diffuse neutron scattering reveals a large amount 
of short-to-medium range ordering which increases with the Y,O, content of 
the material. This is attributed to incipient superlattice formation 
induced by the presence or the dopant. Heating to 750°C reduces the 
amount of ordering on the oxygen sublattice. The EXAFS data show there is 
a considerable degree of static displacement within theY and Bi nearest­
neighbour oxygen co-ordination shell and no evidence for cation-cation 
ordering could be detected. These results will be compared with structural 
data obtained for the fluorite-related phase of H,O, doped Bi,O, where H • 
Er and Yb. (Bi,0 1 ) 0 .,(Er,0,) 0 ., has been shown to exhibit the largest 
oxygen ion conductivity of the (Bi,0,) 1 .,.(H,0 1 ~ series studied to date 
[4]. 

[ 1) T. Takahashi and H. Iwahara, Hater Res. Bull. 13, ( 1978), 1447. 
[2) T. Takahashi, H. Iwanara and T. Esaka, J. t:leCtrochan. Soc., 124, 

(1971)' 1563. -
[3) P.O. Battle, C.R.A. Catlow, J. Drennan and A.D. Murray, J. Phys.C., 

16, (1983) 561-566. 
"[4] ~J. Vervek, K. Keizer and A.J. Burgraaf, J. Appl. Electrochem. 10, 

(1980), 81. -
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PHASES STABILITY AND CONDUCTION PROPERTIES IN 
THE Bi 2o3-PbO-PbF2 SYSTEM 

C. HOUTTEMANE, J.C. BOIVIN and D. THOMAS 
Laboratoire de Criatallochimie et Physicochimie du Solide (UA 452) 
Ecole Nationale Sup~rieure de Chimie de Lille 
B.P. 108 59652 Villeneuve d'Aocq C~dex, FRANCE 

and 
A. TAIRI, J.C. CHAHPARNAUD-HESJARD, D. MERCURIO and B. FRIT 
Laboratoire de Chimie Hinfrale Structurale (L.A.CNRS n°320) 
UER dea Sciences 123 Avenue A. THOMAS 
87060 LIMOGES CEDEX, FRANCE 

Fluorides have been extensively tnveotigated for use as separa­
tors in electrochemical devices. Oxyfluorideo could offer an attractive al­
ternative. They often exhibit higher thermal stabilities and can be eaoily 
manufactured aa compact membranes. Bismuth-lead mixed oxideo and mixed fluo­
rides respectively ahow hiah o• and F- conductivities ( 1-2). Thia beha­
viour can be related to the high polariaatibility of the the cetioo frame­
work. Inveatiaationa in the PbF2-BiOF ayotea performed by MATAR and cowor­
ken ( 3) ahow the existence of a fluorite type aolid aolution with conducti­
vitiea of the order of magnitude of that of bioauth-lead aixed fluoridea. 

We present the reoulta of inveatigationa in the ternary ayotem : 
Bi2o -PbO-PbF • Several oolid aolutiona, belonaina to different atruc­
tural typea, lhave been evidenced. Syntheoia conditione and thenDal otabi­
lity range have been inveotigated by mean• of X-Ray diffraction technica. 

Conductivity meuuremento performed by a. c. method a ohow that 
some compoaitiona exhibit hi&h conduction propertiea. The ~ valuea will be 
presented and discuaaed in relation with the oxyaen and fluorine cootenta. 

1- HONNART, F., BOIVIN, J.C., THOMAS, D. and DE VRIES, K.J., Solid State 
Ionica, 10 (1983) 921. 

2- REAU, J.H. and PORTIER, J., Solid Electrolyte•, Fluorine Ion Conducton, 
Academic Preoo, (1978) 313. 

3- MATAR, S., REAU, J.H. and HAGENHULLER, P., J. of Fluorine Chem., 20 
(1982) 529. 
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CHEMICAL SYNTHESIS AND CONDUCTIVITY STUDY OF DOPED 
MULLITE SOLID SOLUTIONS 

Guang-yao Meng, Wun-qing Cao and Ding-kun Pang 
Department of Applied Chemistry 

University of Science and Technology of China 
Hefei, Anhui 

People's Republic of China 

The paper reports that mullite and doped mullite solid 
solutions were synthesized by a wet chemical method, and the 
conductivities of samples were measured. The results showed that 
the conductivities were dependent on the nature and amount of 
dopant and sintering temperature of samples. The highest value 
was obtained on a sample of Y 20 3-doped material, which was 
1.2x10~ (!H:m)-1 at aoo·c and 0.8x10-3 (ll-cmr1 at 1200•c, higher 
than the best value in the literature by almost one order of 
magnitude. 

La
2
0 3- and Zr02-doped materials exhibited distinctly two­

stage conductivity curves, which implied a different defect structure 
and conduction behaviour at different temperature regions. 
Ethylorthosilicate (Si(C2H50)4), an inexpensive chemical, was used 
in addition as a precursor chemical of active Si02 to prepare mullite 
samples by a conventional dry process. ·The samples obtained 
showed a better conductivity even than that by a wet method. That 
is of great significance to practical application and development of 
the mullite materials. 

., 
( 

?16/0-8 

GRAIN GROili'H IN LIME-STABILIZED ZIRCONIA 
IN THE PRESENCE OF A LIQUID PHASE 

S. Dou 
Department of Chemistry 

Northeast University of Technology 
Shenyang, China 

P. D. Pacey 
Department of Chemistry 
Dalhousie University 

r Halifax, NS B3H 1153 

c. R. Hasson and B. Marple 
National Research Council of Canada 

Halifax, NS B3H 3Z1 

Abstract 

Calcia-doped zirconia, CSZ (7.5 wt S CaO), with impurities of 
AlzO~, Si o2, HgO, Fe2o~ and 1102, was sintered in air at 1783 K for 
time:!", t, from one hour t"o 230 hours. The microstructure was studied 
by electron microscopy and by X-ray analysis and was found to oonsist 
of grains of csz and small amounts of pores and or ,Ho-u 2o1-sto2 
eutectic. The grain ~iameters grew in proportion to t • The r~ults 
were consistent with a mechanism in which grain growth was limited by 
diffusion of Zr ions through the liquid eutectic. There was a slow 
decline in the Si02 content of the ceramic. 
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STRUCTURE or THE MIXED CONDUCTOR N1 2Q~ 

BY POWDER N[UTROtl DIFFR-'CTIOil 

C. Creaves, A.M. Speed and M.A. Thomas 

Department of Chemistry, 
University of Birmingham, 

Birmingham Bl~ 2TT, 
England. 

The cathode reaction in most secondary alkaline cellscomprisesthe 
interconversion of Ni(OH)~ and HiOOH, and involves solid state proton transport. 
However, the small crystallite size of oKidised phases has prevented detailed 
structural characterisation, and the mechanism of proton migration remains 
unclear. 

Using hydrothermal techniques, a single phase material has been synthesised 
with an average Hi oKidation state of 2.67. Although the c~ystallites are 
still not ~arge - typically platelets of thickness 370(~0) ~ and diameter 
1100(400) ~ - the crystallographic and magnetic structures have been determined 
using an automatic indeKing program followed by Rietveld refinement of powder 
neutron diffraction0data obtained at04.~ K. The unit0cell (orthorhombic, 
Pnmn, a = ~.084(1) A, b = 2.9103(6) A, c = 13.9~4(3) A) implies a nominal 
composTtion Hi201H wit'fi Z = 4, but chemTcal analysis and refined parameters 
suggested an aetoal stoichiometry Hi ~0 H 1• The H atoms were located 
'using Difference Fourier techniques lfla w~aR·8-H• • ·0 bonds edst. An 
interesting featu~e of the4structure is that at the temperature of the Z+ 
determ\nation, Hl + and Hi + species are present rather than the eKpected Hi 
and Hi •. 

The relevance of this phase to battery materials has still to be 
established, but certain features suggest a relationship to the hitherto 
uncharacterised 8-tliOOH. The material is a semiconductor, and proton 
conductivity has therefore been examined using electron-blocking el~~trod~f·-1 
Initial results Imply the relatively high conductivity aH+ ~ ~ K 10 ohm m 
at 298 K, very similar to values obtained for 8-HiOOH. 
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Electrodlemlcal lalertloa of Lltblam aad Sodlam lato tbe two 
CrrltaUoanpblc Forma of a New MoiJIMieaam cbalcoaealde Pbue 

Mo15s.1, 
/. II. TGrtuCtlll 

BeU Commilllic:alioua Racarda 
M~~~ny HiU, New Ieney 0797• 

Topotaclk redo• ructiolll bavc beco iAtcaaivcly atudicd for tile Cbnrel ptwca Mo,X. 

(• • S, Se), wboae aaw:turc (build-up or Mo,X. clultcn) -!aiDs larp opea dwllleb. New 

tcmary molybdalum cbalcopDida (Ill, ,Mo1,Se11, IA,Mo1,Se11), reauldDa from a liDeat 

~tioll of tile Mo, octahcclroD bavc beco rec:ICiltlJ reported. Bolla matcriaJI. arc 

c:ompoaed or Mo6Se1 aad Mo.Se11 c:iutcn packed lhree~ioully ill a differeat way. 
Here we wW sbow tbat iDdiiiiD caa ba pulled out from tbelc IXIIIIpDUIIda at low lelllperature 

(420"C) by ollidatioll Ullder u HC flow, JieldiDI to a oew pllae Mo1,Se11• X-ray atudiel 

reveal tbat cluriDa tile osidatioa die arrupmcDt or Mo1Sea ad, ~. clultcn II 

maiAtaioed ludiDa to two c:rystalloanJIIIil: fonaa for Mo.,Se11, deaoled A. ad B wbea 

ID1.,Mo.,Se11 ad IA,Mo,,se., .,. IIIOd · • ataniq material~ reapeai,.i;. n. 
c:rystaDopapllk laaici panmeten ... , - 9.'793A.. c:.. .. 111.ns.\ iald' , ~ ui1A. 
c:., • .58.1.51A. for A. 8lld B reapeclively. 11le dlellllail ad allcll i ~bt laaerlio. of 

~·... . :•p . : • .. 

lilhlum ad aodiWD iDlo tbe two cryatalloanJIIIil: forma (A.,B) of MouSe.• will allo be 

prae~~ted. For lidlium, c:,ellq data dowD to 1.3 wlta, aboWI 1M& 1M 'IO!Iqe-poaidaa 

Cl&f¥CI .,. aimilar for A. ad B plaaa, ad funll&n110re IDdicllta 1M& MouSe.. caa lib-up 

revcnibly up to I lilbiuma (LI.Mo.,Se .. ). 11lilftlue a..- perfeCtly wltla tM - cspecllld 

from tbe limitiDa lollil: formula (Mo,Sear- (Mo,Se.J"-. Ia ma~n~t, c:,ellq data re¥C8Ia a 

quite differeat baba¥ior or A. ad 8 ...... willa ..... to IOdlulll illterealadaD, llliDcly -

biper clilcbarp woltap · • weU • a batter re¥CrlibilitJ for 1M caD :...., ..O,,s.,. (B) • 

catboda. 1'1le differeat lftdilll or Mo,Sea ad Mo,So11 cluatcn ill A lllld B pba. ludiDa to 

differeat daree-dimelllioaAJ oetwork or dwlllell ill wbida tbe tcmary elemnt caa ba a.erted 

wW ba ued to csplaiD tbe obaened eledrocbemic:al data, _., 1M uomaliea ill tbe 

voltaaefCOIIIpDiilioll Cl&f¥CI, 8lld diffe,_ ~ IOdium 8lld lilhlum iaten:alalioll. 
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LITHIUM IIISERTIOII/EITRACTIOII REACTIOIS IIITH LtY02 MD Lt¥20~ 

ABSTRACT 

L A de Picciotto and H H Thackeray 

National Institute for Materials Research, CSIR, 

P 0 Box 395, Pretoria 0001, South Africa 

L ithiun insert ion into liVzO~ and extraction from L1YOz and 

liVzO~ have been investigated both chemically and electrochemical­

ly. Structural characteristics of the lithiated and del ithiated 

products have been determined. 

L ithlum extraction from the layered LiV02 structure results in 

a rearrangement of the vanadium Ions in the cubic-close-packed oxide 

lattice; in Llo. 22Y0 2 approximately one third of the vanadium Ions 

res ide in the octahedral sites of the lithium-deficient layer. The 

removal of lithium from the structure reduces the Cfa ratio of the 

trigonal lattice constants to almost cubic symmetry. Heat-treatment 

of Lio.s¥0 2, obtained by chemical delithiatlon of Li¥02 , to 

- 300 °C results In a transformation to the spinel LIVzOo,. Simila~ 
heat-treatment of Llo.o,sV02 results In the cation-deficient spinel 

Lio.9Yo.dDo.lY1.9]0,. with vacancies on the octahedral B­
sites of the spinel structure. 

Extensive delithiation of LIVzO., ("a" • 8.24 A) is possible. 

The powder X-ray diffract ion profile of L i-o. JVzO., is two-phase: 

it shows a cubic phase with .a contracted "a" lattice parameter 

(8.21 A} in which the [Vz)O., spinel sub lattice remains intact, and 

the trigonal phase that characterizes an extensively delithiated 

LixVOz product (x • 0.1). Lithium insertion into LIVzOo, generates 

metastable Li 2VzO., in which the [v 2)o., spinel framework is retained: 

the volume of the cubic unit cell increases by 2.21. 

,_. 
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.LITHIUM INSERTION REACTIONS IN URANIUM OXIDE PHASES 

M.T.Weller and P.C.Dickens 

Inoraanic Chemiatry Laboratory, 

So~th Parka Road, 

Oxford. 

Lithi~m inaertion compo~nds of tranaition metal oxidea have been 

st~died extensively, and in partic~lar with reapect to the-ir 

thermodynamic and kinetic propertiea. Well known examplea incl~de 

Lixwo3 (1), Lixv2o5 (2) and Lixcoo2• We· have recently inveatiaated the 

lithi~m insertion compo~ada of uraniua oxidea, with emphaaia on u 3o8 
and vario~• polymorph• of uo3 , and nov report on their preparation and 

characterisation. 

The electrochemical inoertion of lithi~m into theoe aateriala hal 

been otudied by monitorina tbe voltaae of the coabination 

Li(o)/lMLiCl04/Lixuon, vbere uon io u3o8 , elpbe U03 or a•••• U03, •• a 

function of x. The fora of the diacberae curve in each ceae vea uaed 

to determine the renau of coapoeition for oeverel nev pheeee foraed 

durina the reduction. Tberaodynemic function• c•x end C(x) vera 

determined for the inaertion reaction fro• open cicuit aeeaureaenU 

and have been coapered vitb tboae derived for other lithiua inaertion 

compounda. Eatimetea fortbe retu of diffuaion of litbiu• in theae 

mate•'iah vete eho derived electrochemically uaina puhe relaxation 

methode. 

Lithium hu dao been inaerted into u 3o8 , alpha end a••m• uo3 
chemically, usina Lii or n·butyllitbiua in an inert aolvent ea the 

lithietina eaent. Analyaia of the product• uaina powder X-ray 

diffraction above tbat the beaic oxide freaevork ia uncbenaed in ell 

ceaea follovina litbi~m inaertion. Product• foraed by tbe reaction 

with Lii vera thoae expected on theraodyneaic arounda fro• the 

• .ectrochemicd data. 

Further studies are in progreaa in order to elucidate the 

structure• of theae insertion compound• uaina powder neutron 

diffraction. 

(1} K.H.Cheng and M.S.Whittingham. Solid State Ionica, !• 151 
(1980) 

(2) P.C.Dickena and C.J.Reynolds. Solid State Ionics, l• 331 
(1981) 
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DISCHARGE OF SOLID STATE Li3N+TiS1 COMPOSITE ELECTRODES 

Soya lnutz an~ ~ ~ 
Physics Laboratory III 

Technical University or Denmark 
DK-1800 Lyngby. Denmark 

Soli~ state batteries base~ on the call configuration Li/Li 3N/TiS1 
have ~een shown to be able to vitbatan~ current ~enaitiea up to l 
mA/cm at 170 °C with reasonable cycling efficiency. The alov rate or 
Li+ tranaport in the compact catho~es or preaae~ TiS1 limits the 
thickness or the catho~e to about 50 microns it ~iacharge times or the 
or~er of a rev boura are to be possible, an~ alao necceaitates the 
high temperature. 
In or~er to achieve raster ionic transport experimenta have bean ma~e 
using composite solid state cathodes of Li 3N and TiS1, each 50~ by 
volume. In an i~eal composite electrode, tbe magnitu~e and temperature 
variation or the ionic diffusion ia that or the electrolyte compound 
(here Li3Nl eodified by a factor depending on the volume traction. The 
experieenta verified the ieprovement in L1+ transport e&kin& possible 
a lowering or the teeperature to 140 °C and an 1noreaae or electrode 
thickness. 
A 0.1 •• thick cathode vu cycled v1tb l eA/ce1 (atoicb1oeetr1c dis­
charge time: 1.1 b) about 700 cycles. The cycle efficiency or the 
first 400 cycles vaa 99 .... The decreue in capacity vu due eainly to 
kinetic tactora, and not to irreversible loaa or capacity, aince eoat 
or tba original capacity vaa available when temporarily diacbargi~ 
vitb .15 _'i('lc~. The apparent cheeical diffusion C_?Jffi~ient tor L1 
was 4•10 ce /a during the first oyclea and 3•10 ce /a after 700 
cycles. Tbe charge factor vaa 1.1 at l eA/ce1 due to unidentified 
proceaaea but very close to unity at ~.15 eA/cm1• 
A aieilar cell vas cycled at 4.3 eA/ce in order to teat the limits or 
current density. The charge factor in tbia case stayed at 1.0 during 
the 30 cycles before dendrite toreation. The separator vaa .l mm 
sintered Li3N. 
Tbe apparent Li +diffusion coefficient vaa 1.6•10-7 ce1/s- this 1a 
tar higher than tor pure TiS1 powder ahovina that the compositf elrc­
trode works. Theoretical maximum values range from 1-1•10- em /a 
depending on the expression· uaed. The activation eneray vas .4 eV -
rather tar from the Li3N value or .16 _eV. 
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LITHIUM TRANSPORT KINETICS IN 
TERNARY LITHIUM-COPPER-OXYGEN CATHODE MATERIALS 

Ned A. Godshall 

sandia National Laboratories 
Exploratory Batteries Division 2523 

Albuquerque, NM 87185 

INTRODUCTION 
The interdependence of thermodynamic parameters, phase equi­
libria, and electrochemical measurements was used in the inves­
tigation of the Li-Cu-0 ternary phase system, in order to better 
understand the cathodic reactions which occur within 
Lithium;copper oxide cells. Li-M-O phase relationships were 
previously determined in the Mn, Fe, and Co ternary systems at 
both ambient and elevated temperaturesl. An understanding of the 
Li-Cu-o ternary phase diagram was undertaken in order to predict 
battery performance. Both open-circuit voltages and plateau 
capacities were predicted from such information. Each triangle 
in a ternary phase diagram represents a three-phase equilibria of 
the phases lying at the corners of each tie triangle. The con­
stant activity of Li in a tie triangle may be calculated from the 
free energy of reaction between Li and the three phases in 
equilibrium. 

Effect of Intermediate Ternary Oxides 
The free energies of formation of the intermediate ternary oxides 
were got previously known. They were measured electrochemically 
at 25 c in cells of the type: · 

Li/ PC, 1. OM LiCl04 / LixCUOy . 
and were found to be -86.3 kcal;mole for LiCuQ and approximately 
-167 kcal/mole for Li2cuo2 • Two equilibrium discharge plateaus 
were observed in Li/CuO cells, with open-circuit values of 2.20 
and 2.08 volts vs. Li; however, the composition corresponding to 
the beginning of the lower plateau was somewhat masked by mor­
phological considerations and relatively slow kinetics. X-ray 
diffraction analyses confirmed the equilibrium cathode reactions. 

The system was found to polarize strongly at current densities in 
excess of 1-2 mA/cm2, with correspondingly long equilibration 
times. The slow kinetics of this system are also apparently 
manifested in lower observed open-circuit voltages (after partial 
discharge) than thOse predicted thermodynamically, 1.6-1.8 V ver­
sus 2. 2-2.4 v, respectively. A· theoretical discussion of the 
possible rate-limiting steps in the solid LixCuOy multi-phase 
cathodes is given. These include l) transport of LI ions through 
cuo, 2) formation of marginally-unstable non-equilibrium phases 
during high cell polarization, and 3) transport of electrons 
through electronically-insulating Li20 or LiCuO ternary phases. 

REFERENCES 
1. N. A. Godshall, I. D. Raistr1ck, and R. A. Huggins, J. 
Electrochem. Soc; 131, 543 (1984). 
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LITHIUM ION INS~~TION INTO Li 1_xCo02 
P.G. 3ruce 

Department of Cha:utry, Heriot-W•tt. 
University, Riccarton,Edinburgh, 

EHI4 •.:..S, U.K. 
a::d 

M.G.S.R. Thomas a::d J.B. Goodenough, 
Inorganic Chemis;ry Laboratory, 
Cnivarsity of Ox:ord, South Parks Road, 

Oxford Oll 3QR, U.K. 

A.c. impedance measurements h&'Je been employed to characterise the 
processes associated with reversi;le insertion of lithium ions from the 
non-aqueous electrolyte, LiBF~ i~ propylene carbonate, into the layered 
intercat.tion electrode Li 1- fo<ll· Studies were carried out principally 
on the composition x • 0.34. ~e frequency dependant a.c. response of 
this porous insertion electrode can be divided into high and low frequ­
ency regions. 
· The high frequency region .is associated with Li•-ion exchange at the 

electrolyte/electrode interface, t~o semicircles ara observed in the 
complex impedance plana. Models involving a significant charge trans­
fer process coupled with either &~sorption or surface layer formation 
fit the observed response equall;· ·Jell. Time dependent experiments 
eliminated the adsorption modal. Constant voltage experiments and the 
preparation of electrodes with araatar electrolyte/electrode interface 
are•, coupled with electron microscopy, provided evidence for tha sur­
face layer model. We propose that propylene carbonate is polymerised 
on the electrode surface producing a thick (~30i) polymeric co•tina 
somewhat permeable to lithium ions. 

Only by including a const•nt phase anala expression in the equival­
ent circuit representing these medals could an adequate fit to the 
observed d•t• be obtained. This arises from the porous natura of the 
electrode. 

The low frequency •.c. response is associated with the diffusion of 
lithium ioc; in the electrode. ~arbura behaviour is observed which, at 
the lowest ire~~ancies, turns upwards to form a verticle spike in the 
complex iopedance plana, indicating a transiti~n from semi-infinite to 
finite length diffusion. We deter~ined the Li -ion diffusion coeffic­
ient for Lio.ssCoOz by three separate methods. 
(I) Extraction of the Warburg prefactor from the a.c. results. 
(2) Determination of the transition frequency from semi-infinite to 

finite length diffusion. 
(3) A modified Tubandt technique which couples the traditional Tubandt 

cell with an a.c. measure~er.t to eliminate interfacial resistances, 
permitting a direct measure~ant of the lithium ion conductivity 
in this mixed conductor. 

The three techniques are in close azreement yielding lithium diffus­
ion coefficients in the ranae 4.7-5.2 x lo- 12m2s- 1• Over the composit­
ion range 0.45<(1-x)<O.SO 1SL. increases slightly from 5 to 7xla-12mZs-l, 
this is·amongst the hi&hest 1 lithium diffusion coefficients reported 
for such systems. 

P24/EM-8 

Structural Aspects of Alkali Metal Insertion 
Compounds with the Pyrochlore Structure 

* • + ,,. . . + 
D. W. ~lurphy, R. J. Cava,)(. Rhyne, R. s. Roth, 

• M. Zahurak*, and J. L. Dyet 

*AT•T Bell Laboratories 
Murray Hill, New Jersey 07974 

U.S.A. 

+National Bureau of Standards 
Washington, D.C. 20234 

tchemistry Department 
Michigan State University 

E. Lansing, MI 48824 

ABSTRACT 

Compounds with the pyrochlore structure are of interest both 
as solid electrolytes and as ion insertion hosts. The cubic 
framework structure with space group FdlM is able to accommodate 
the alkali metal lons from Na through Cs as well as pseudoalkalies 
such asH o+, NH and Tl+, We recently showed that pyrochlores 
of stoichlometry4ANbWO& IA•Na, K, Rb) readily undergo insertion 
reactions with alkali metals to give A NbWO • This study presents 
fur·ther data on these compounds includ~ng s~ructures determined 
from neutron powder diffraction data for KNbW06 , K

2
NbW06 , KNbW06 • 

H2o and hopefully by August some Rb and Na compounas as well. 

The structural feature of importance to ionic mobility is 
the presence of two major sets of sites for the al.kali ions. 
There is one large site (8b) per formula unit which has six 
nearest oxygen ions and eight more slightly further away, and 
there are two somewhat smaller· six coordinate sites 116d). There 
also exists the possibility of occupation of a more general site 
l32e) located along a line between the two special siets. For 
KNbW06 , K is located on 32e approximately 25\ of the way from 
Sb to 16d. Hydration and insertion of K leads to exclusive 
occupation of the l6d sites by K. The water in KNbwo6 ·H20 occupies 
32e sites. Hydration of KNbWO is rapid and reversible near 
lOO"C, but NaNbW06 ·H2o dehydra~es only above JOO"C. We expect 
an important difference in the role of water in NaNbW06 ·H

2
o. 



N ....., 

P2S/ET-l 

ELECTROCHEMICAL CHARACTERIZATION ASD PREPARATION 

OF SEMICONDUCTING MATERIALS 

Werner Weppner 

Max Planck Institute for Solid State Research 

0-7000 Stuttgart-80, Germany 

Solid state electrochemical techniques were employed co 
prepare· semiconducting Materials and also to investigate their 
phase equilibria. thermodynamic properties and kinetic 
behavior. The electronic properties of the semiconductors 
were sensitively controlled by coulometric titration processes 
using auxiliary electrolytes for several ternary systems a~d 

some classical doped element semiconductors. Local variations 
of the electronic properties were formed by the application of 
de voltages using ionically blocking electrodes. 

The electronic species of semiconductin~ compounds may 
produce high internal electrical fields which often result in 
extremely high liquid like ionic (atomic) diffusion 
coefficients in the solid state. The knowledge of these 
relationships ~llows to produce fast semiconducting electrodes 
for batteries, electrochromic displays and other devices . 
Semiconducting electrodes will generally show much lower 
polarizations and faster response times than metallic 
conductors which were previously favored as electrode 
materials. 

The application of small de voltages co semiconductors 
produces inhomogeneities of the composition in a formal 
analogy to Nernst's l~w. This produces local variations of 
the semiconducting properties. p-n junctions were formed and 
reversibly removed by switching small voltages on and off. 
Ox~gen has been desorbed to the gas phase and reversibly 
ab~orbed in the case of oxide semiconductors. 

In addition. electrochemical ~eduction and oxidation 
processes often produce interesting semiconductor structures 
by kinetic reasons. These may be very different from 
thermodynamically expected patterns. Compositions may be 
formed which would not be expected from a point of view of 
phase equilibria. These semiconductor structures may be 
formed at higher temperatures and then quenched to room 
temperature. 
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NMR STUDY OF ONE-DIMENSIONAL IONIC CONDUCTOR WITH HOLLANDITE-TYPE STRUCTURE 

IV. Rb-PRIDERITE 

Y,ONODA, Y.FUJIKI, 
National Institute for Research in Inorganic Materials 
1-1, Namiki, Sakura-mura, Niihari-gun, Ibaraki 305, Japan 

S,YOSHIKADO, T.OHACHI and !.TANIGUCHI 
Department of Electronics, Doshisha University, Kyoto 602, Japan 

Size effect on the conduction properties of priderites vas investigated_ 
by NMR using 27Al in the framework as the probe, Temperature dependences 
of spin-lattice relaxation time T1 were measured on two samples, Rb,.,,Al,.,, 
Ti,_ 1 s0 1s.t 2 (RATO) and Ko.eJRbo.•eA11.7JTi&.2J01s.et (RKATO) and the results 
are given in Figure 1. 

Log(T,) of RATO shows linear dependence on l/T1 in the temperature range 
from 105 K to 167 K and the slope gives a value, EM(R = 0.12 eV, Frequency 
dependence of T1 measured at 125 K and in the frequency range from 11.1 MHz 
to 20.8 MHz is T1 « w1·•stO.IS and is nearly the same with the dependence of 
K-priderite (KATO), T1 « w1·••to,os, measured in the frequency range from 10 
MHz to 55 MHz.[l] This result indicates that the relaxation of RATO is 
also described by the continuum model, Therefore, the intrinsic activation 
energy E of Rb+ ion is determined to be E a 0,24 eV using the relation E = 
2xENI<IR. T 1 reaches the minimum value at 240 K and then it increases vi th 
a sma~l shoulder at about 400 K, which is thought to be the effect of the 
impurity barriers in conduction channels, The elope above 450 K is ~ 
'\.(),16 eV and the ratio of ~ of RATO and KATO (E "' 0,12 eV) in the li1"gh 
temperature region is not s8"1arge as the·ratio ("-~0) in the low temperature 
region. 

The spin-lattice relaxation or RKATO below 100 K is dominated by the 
ionic motion of K+ ion, Temperature dependence or Tt shows a symmetrical 
curve at temperatures around 60 K where Tt takes a minimum value. ENMR 
in this region is 0,020 eV and is TIKI 
much smaller than the value or 200 100 so 40 lS 

KATO. The value of E is 
very sensitive to a sli~ change 
in the lattice constant of the 
a-axis [2] and the decrease in 

,,• of I'Al 

10 

E of RKATO is attributed to a 
s~~t increase ("- 0.26 J) in the £ .... 
lattice constant. The motion 
of Rb+ ion is observed above 110 ¥' 
K. .The slope ~MR in the tem- ,_ \ 
perature region from 150 K to 200 .. • 
K is a little larger than that of 0 1 

\ , 

RATO and it will be. also explained i\~; 
by a slight decrease in the lat- ~ • 
tice constant. from the value of 0.01 ~ I, 

.. 

... 

r • :zo.a MH• 

... .·· 
• : KuAh.SliU011 

0 : Ab1 , 1AI1.11Tii lSOIS U 

•: AboiiKO llAh.nti1 JfOtS.If 

RATO. -...,; 
[1] Y.Onoda et al, to be published o~~.~~.~o--~,.~~,~0--,2~5--,l~O--,l~s--'•~o~'•~• 
[2] Y.Onoda et al, to be published 1000/T c•·•1 
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DISORDER INDUCED SCATTERING IN S -Agl 

A. Fontana+, G. Hariotto+, E. Cazzanelli+, F. Rocca-·, 
v. Hazzacurati-, G. Ruocco-, G. Signorelli-. 

+: Dipartimento di Fisica, Universita di Trento; 
38050-Povo (Trento), ITALY 

Centre• ci risica degli Stati Aggregati e lmpianto lonico 
del CNR di Trento; 38050-Povo (Trento), ITALY 

Dipartimento di Fisica, Univeraiti "La Sapienza"; 
00185-Roma, ITALY 

In a previous paper (1) we have reported temperature dependent Raman spe 
ctra in the phase of silver iodide, showing the appearence, between li -
quid helium and liquid nitrogen temperature, of so~e broad features not ac­
counted for by the usual normal modes analysis. 
We have now carefully repeated the Raman measurements in different polari -
zation .settings and with different crystal orientations. The analysis of 
the the depolarization ratios helps to separate these broad features from 
the narrow polarized peaks due to the K ':1: 0 phonon scattering. 
The normal modes shift slightly toward lower frequencies and broaden at 
increasing temperatures, in such a way to be considered almost harmonic. 
Therefore, taking away from the spectra the total contribution of the K:!::: 0 
modes and dividing this spectral intensity by the factor [(n(~)+l)/~l. we 
get a spectral density which can be cloaely related with the vibrational 
density of atates of the crystal. Above lOO"K up to room temperature the 
main shape of this spectral density does not change; below the liquid nitr~ 
gen temperature we can see these "extra-modes" arising below the normal 
modes, until they get the shape conaerved at higher temperatures. 
Assuming the induced polarizabil ity mechanism already adopted for the ~ 
phase (2, 3) and supposing that the increasing disorder produces a lower 
range of correlation in the local polarizability term, we have been able to 
extract the overall density of state•. Starting from this result we can 
measure the degree of disorder between 4 and lOO"K, represented by the cor­
relation length of the induced polarizability, which explain the shape of 
the Raman spectral density at any temperature. 
The polarizabilitl mechanism adopted in this work is consistent with the 
experimentally observed depolarization ratios of the "extra-modes" contri -
butions, which are frequencey independent and slightly decreasing at higher 
temperatures. Works are in progress to give a quantitative analysis of the 
changes in the Raman spectra between liquid helium and room temperatures. 

1) A. Fontana et alii, Solid State Comm. 28, 35 (1978) 
2) V. Hazzacurati et alii, Phys. Review B 26, 2216 (1982) 
3) E. Cazzanelli et alii, Phys. Review B ~. 12.69 (1983) 
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EQUIVALE~T CIRCUIT ANALYSIS OF HIGH TEMPERATURE 
SOLID ELECTROLYTE 

NOBORU MATSUI 
TOYOTA CEt;TF.AL R&D LAbS.,. INC •. 

41-1, Aza Yokomichi, oaza Nagakute, lliag·ilkute-cho, 
Aichi-gun, Aichi-ken, 480-11, J'apan 

some metal 'oxides were added to YSZ in order to improve 
the electrical pro~erties, and the impedance dispersion of 
these materials was measured. The frequency dispersion of the 
solid electrolyte/electrode system was analysed in terms of 
the ec,:t:ivalcr.; circuit representation. 

usually, the complex impedance plane for YSZ systems con­
sists of two semicircles or arcs in high and low frequency 
ranges. The former corresponds to the dispersion for the grain­
boundaries of YSZ and the latter to that for the electrode 
reaction. The simple R-C network circuit, originally proposed 
by Bauerle, has been exter.::ivel;• applied to analysis of such 
impedance dispersion dat~, but sometimes the simple circuit 
does not coincide with the data. Therefore, we proposed a dif­
ferent simple equivalent circuit for Pt/YSZ with additives/Pt 
system(l) (2). This circuit involves a frequency dependent ele­
ment for the electrode reaction part. Recently, we proposed a 
new symbol as shown in Fig.lla) to represent the frequency de­
pendent element 13). The symbol is expcessed by 

i1·-!.o 11-jl , 111 

where A and n are variables, ~ is the angular frequency, and 
j is equal to !=ll. In the case of n=l/2, it has warburg-like 
frequency dependency. The symbol does not contain any electro­
chemical meaning, but merely shows the electrical frequency 
dependence of the impedance. 

For Fe203-doped YSZ, the impedance locus corresponding to 
grain-boundary part draws a Cole-Cole type arc, a remarkably 
depressed semicircle. But R-C circuits are inappropriate to 
express the shape of this arc, even with various R-C couples 
of parallel and series combination. The arc can be satisfacto­
rily expressed by a simple equivalent circuit shown in Fig.2, 
which contains a new symbol shown in Fig.l(b). The new symbol 
is an extended expression of Fig.l(a). This impedance element 
is given by · ( 1 m ) 

Z2=A ---·-- (2) w"• l ~"z 
where m is a very important factor, indicating the circle de­
pression degree. The smaller m is, the more depressed the cir­
cle is. 
(11 N. Matsu , Surface Science, jUL (19791 353. 
121 N. Matsu , Solid State Ionics, 3/4 11981) 525. 
Ill N. Matsu , to be published. ~------~ 

--oo-
Ia) 

~ 
~ 

(b) 
Fig.l Fig .2 
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CHARACTERISATION OF THE SOLID COMPOSitEELECTRODE 

Mno2-y, _acetylen black ; HUP/HUP by impedance spectroscopy 

by H. KAHIL, E. J .L. SCHOULER, M. FORESTIER, J. GUITTON 

Ecole Nationale Superieure d'Electrochimie et d'Electrom6tal­

lurgie de Grenoble, Laboratoire d'Enerqetique Electrochimique 

associ6 au Centre National de la Recherche Scientifique n• 265, 

B.P. 75, 38402 Saint Martin d'H~res (FRANCE}. 

This·work deals with the characterization of the positive 

electrode of a "all solid" battery based on a protonic electro­

lyte (HUPl operating at room temperature. 

Different types of electrodes, made either-of platinium 

or of the composite material : Mn02-y-acetylen black - HUP have 

been compared. 

The transfer reaction of the proton at the interface has 

been characterized by impedance spectroscopy at different stages 

of the discharge. 

The relevant diagrams are usually composed of several 

capacitive loops. In particular conditions of the electrode 

preparation, additional inductive loops and warburg lines are 

observed. 

We have shown th~t the nature of the proton transfer mecha­

nism at the interface is directly related to the composition and 

preparation technique of the. composite electrode. 

·.This result is· discussed in terms of the hydratation state 

of 'the system. 
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SOME SUPERIONICS STUDIED BY POSITRONS 

S. Linderoth, H.E. Hansen, A. Shishkin•, S. Skaarup••, N.H. Andersen .. •, 

M.D. Bentzon and K. Petersen 

Laboratory of Applied Physics II, Technical University of Denmark, 
DK-2800 Lyngby, Denmark 

•visitor from: The Department of Experimental Physics, Moscow Physics 
Engineering Institute, Moscow, USSR 

••Physics Laboratory III, Technical University of Denmark, 
DK-2800 Lyngby, Denmark 

... Physics Department, Rise National Laboratory, 
DK-4000 Roski 1 de, Denmark 

Abstract 

The positron annihilation technique is well established for investigation of 

defect structures and for measurements of vacancy formation enthalpies 

in metals [1). We have employed positrons to study the superionics: Li 3N, 

BaF
2 

and PbF
2

, which have been investigated by the means of positron lifetime 

and angular correlation (ACPAR) measurements. 

Li
3
N with different content of hydrogen was studied in the temperature range 

7-360 K. In Li
3
N the average positron lifetime, i, deCreases around 80 K by 

an amount depending on the H-concentration. In the purest Li 3N sample i 
decreases ·again around ZOO K. This behaviour of i seems to be associated with 

therma 1 vacancy generation and to support the idea that· hydrogen enhances the 

vacancy concentration in Li
3
N [Z). 

Pure and UF4-doped BaF2 has been studied in the temperature range 77-600 K. 

In the heavily doped samples a lifetime of 238 ps dominates. This component 

is also present in the pure sample where the intensity increases around 

350 K. This component may be associated with interstitial r· ions. Positron 

lifetime and ACPAR measurements on pure PbFz are in progress to throw more 

1 ight on the positron states in these superionics. 

[ 1) Positr::m SoU.J-State Phys~"s, ed W. B_randt and A. Dupasquier 

(North-Holland, Amsterdam, 1983). 

[2] T. Labb, S. Skaarup and A. Hooper: Solid State lonics II, 97 (1983). 
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NMR STUDIES OF THE MIXED CONDUCTOR LixV2<Js 

Monisha Bose & Al'\lali Basu 
Saha Institute ot Nuclear Physics, Calcutta - 9 

The mixed conductor Lixv2o5 displays different phases depending on 
the value or x, as also on tne method or preparation. . R0011 temperature 
(rt) lithlation leads to metastable phases a (0 < x' 0.1), £ (0.35<x~ 
0.5) and 6 (0.9 c x c 1.1), where in Li is intercalated between v2o5 
layers leaving the basic v2o5 matrix unaltered. High temperature \htJ 
technique results in statlle ptlases, wherein a (O<x<0.13) is a layered 
orthorhallbic, B (0.22{ x' 0.49), a monoclinic three dimensional network 
andy (0.88, x, 1) a different orthorhombic layered structure. 
Caaparati ve NHR studies Jresented here are correlated with s~cture in 
an ettort to understand the mehanlsm or conduction. V NHR -
Intercalated Ll exists as~l+ and creates paramagnetic V4+, which 
influences the observed V +spectra. In the slightly perturbed -a 
phase, the spectra resemble the v2o5 (powder) spectrum with satellites 
and an assymmetrlc central line wl th structure in high field side. 
With increasing x, the paramagnetic ettect increases. Thus the 
satellites becomes weaker and at x = 0.4, only the first pair or 
satellites could be observed. For higher x values, no satellites could 
be observed for either system. At x = 0.3 in rt, where the v2o5 
layered structure persists, the central line shows only paramagnetic 
shltt and broadening errects. But in the ht a-phase, this line shows a 
drastic change. For rt, this change occurs above x " 0.4. In thiS 
region, the broad central line is similar in both comprising a narrow 
unshitted and a superposed par~agnetlcally broadened high tleld 
shltteg line4 corresponding to V + and the mixed valence state arising 
traa V + - V + exchange. This ca-relates well with the ttree different 
sites in 8-phase, where one site does not participate in electron 
exchange, but exchange occurs between the other two sites. At x ,. 1 
tor 6 and y phases, the central lines are not very different, as both 
are layered structures. In ht, the pure y exhibits two lines traa the 
two dltterent sites, one broad another comparatively narrow. The 
overall width is lesa than in rt, where the low field line is very 
broad. 

1Li NHR - In rt, very interestingly a single NHR line almost 
uncnaniidlil width occur.s throughout the canposl t1on ranae, in direct 
contrast to-that in· ht. As more Li is introduced in rt, the cell 
expands (lnterlayer separation along C increases rrom 4.4 to 5.0 1> 
permitting the creation or new intersti tlal sites resulting in 
unchanged Li mobility. In contrast, in the B -phase with an irregular 
tunnel, the highest L1 mobility occurs (line narrows) but in the new 
layered y, since Lithium occupies all the available sites at x • 1, a 
highly lmmobUlsed Li lattice leads to a broad line. 

Sly spectra is highly canplex and tauperature variation studies 
are contemplated to elucidate the f,iner d~alls. Howevo;:o, even the 
Jresent roaa temperature studies ot . Li and V NHR bring out the tact 
that in rt, possibly the Li is intercalated in •stages' and the 
different phases correspond to th~ 1 ditterent degrees or 'Staging•. 
Further the drastic change in spectra at x= 0.3 (8) which 
corresponds to x 0.4 (£) in rt 1s in consonance with the conduct! vity 
values which 1s maximum at x ,. 0.3-0.4 tor ht but at x = 0.6 tor rt. 

P32/ET-I! 

£LSCTRCCHi::MlC.-\:... J,:T<::i<fHNATION 0F THt: THC:RM-:luYNAMIC FRO('..:RTY 

OF IN';:.::RMC:LIIATC: COMPOUNu IN MO-•) .iY~T::M 

Kuo-ch~. ::>huann-lin Chen 

(Bei]in~ ~nive~sity of Iron an~ Steel ~~chnolooyl 
(Beijino, Feo~le's rte~ublic of China) 

_.\!LJ7AACT 

:~--~ t~·:>rrtl-:lyr..i:ric ~-ru~:::rties ct intt!rm-2tliat; Compoun(j 

i·:o~ ...::.1 ~r. ·~~J-U :~·~~~t-.:m hca'.'·..: ·ac-:n li-.!t~r:ninl.!t.i by a hiq·n-t·.!rt!f.Jt!Cd­

t.'c.lr•~ ·..!l.::tr·umotiv·? tore·~ {emf) m~thcd 11sin~ stabili;:~·l 

;:~.r .. r:--··ni.u as th~ -:!~ ~=t=v~yt-~ ov-.:r th~ t~m~erature range ·frcm 

Q. i .... t.•..: 9vL:2. 

:n ·)~:ie~ to ve~ify the ~eliability of our experimental 

'lata, a <:.hermo'lynamic p~incipte, named "the progressive 
dcc~ease p~incipl<? ··af electromotive force in the system con­

taining a series of _int-~rmediate oxides", has been developed, 
that is, fo~ a cell ~eaction involving two adjacent intermediate 

com~ounds in a phase diagr_am,_ 
!5.L__ f'l ~ ~ J.c -- __ __&,_ Mr.O .· · 

x,y .. _,-x,.,y; .. ;_, .. ,,.., :l. ~--- )t;J.;.,-Jl,..,'j, ' '/. ·· 

whe~e M ~epr.,sents an element and Xi• \'i are stoichiometric 
c:::cfficients, the corresponding cell electromotive force C: 

wil~ d~c~ease with increasinq the ratio of Yi/xi and.the Gibbs 
f~ee ene~gy of formation of M4 o 11 is expressed as 

LG , - 2.X f.. X;.tYi --<; l.i.:l E F 
''x'f'';t ... - I< i::t X; ~l-t ' 

where F represents the Fa~aday constant. 
The application of this p~inciple to the Mo-o system 

!ihowed that, our ~esults obtained in this investigation a~e 

:-.:lidb!~. 

TC'.-;~e are still ;.lcnty of int.ermeJiate compounds which 

~h.,cmolynamic r::or"rti~,-; are not available. The solid el"c­
tro~ytes as ~n ~l<?ct~omchemical cell mate~ials witt pl~y an 
irnportdnt rol~ in th~ m~asu~ing those p~cpe~tics. It'is expectuu 
that, the principl~ int~oduced he~e will off~~ an effective 
m~thod to verify thos~ <?~pe~imental data cf a se~ies of in­

t"rmediatu compounds in a binary system. 
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Effective Potentials from Langevin Dynamic Simulations of 

Framework Solid Electrolytes 

R. 0. Rosenberg, A. Nttzan, M. A. Ratn~r 
Department of Chemistry and Materials Research Center 

Northwestern University, Evanston, IL 60201 

Ionic motion in framework solid electrolytes constitutes a special sort of 
classical ~ny-body problem. In such electrolytes, the conductivity is due to 
the motion of interacting mobile tons modulated by the presence of an essen­
tially immobile framework sublattice. Here, a one-dimensional model of inter­
acting particles, governed by Langevin's equations of motion in a sinusoidal 
potential, is used to calculate·particle distribution functions and effective 
potentials, 

the total static potential for innic motion in a system with N mobile ions 
contains both one and two body terms: 

N 
VN({X}) • I VI(Xi) + I V2(Xi-Xj) • (l) 

i•l i(j 
v1(x) is the sinusoidal potential, 

A 
V1(x) • 2 coa(2w x/a) (2) 

where A is the barrier height and a is the distance between wells. V2(xi-Xj) is 
assumed to be the sum of pair interactions such aa the coulomb potential, 

v2(xi-Xj) • q2/fxi-Xjl (3) 

where q is an effective charge. the effective potential Veff(x), is then 
defined through the density distribution, p(x), ' 

p(x) •.z .-8Veff(x) (4) 

where 8 • 1/kT; k is Boltzmann's constant, z a no~lization constant, and T the 
temperature. the Langevin dynamics simulation is used to calculate p(x), which 
in turn gives.Veff(x). In the high friction limit, the de conductivity of the 
system can be expresaed in te~ of the effective potential, {1) 

D 8 ( 1 fa d 8Veff(X) 1 fa d -8Veff(X) J-1 
a • PO 0 a 0 X e a 0 X e (6?) 

where Po is the average density and D0 is the bare diffusion coefficient, Thus 
given the density distribution, p(x), one can obtain (in the Smoluchowski limit) 
the de conductivity a. 

The de conductivity and the other distribution functions can be used to 
investigate commensurability effects, pinning effects, and screening effects. 
Comparisons can then be made between correct numerical many-body results and 
various analytical approximations (2);(1). 

1, A. R. Bishop, W. Dietrich, and I. Peschel, Z, Phys. 833, 187· (1977), 
2. A, Bunde·, z. Phys. 844, 225 (1981). -
3. S. Jacobson, H, A. Ratner, Solid State Ionic& l• 129 (1981). 
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A PACKAGE FOR IMPEDANCE/ADMITTANCE DATA ANALYSIS 

Bernard A. Boukamp 
Twente University of Technology, Department of Chemical Technology, 
Laboratory for Inorganic Chemistry and Materials Science, P.O.Box 
217, 7500 AE Enscheae, The Netherlands. 

The analysis of the frequency dispersion ·of many electrochemical 
systems is rather complicated because the time constants, associat­
ed with the various subcircuits or the equivalent circuit model, 
are too close together. Thus a1most all parameters ot the equi­
valent circuit have to be adjusted simultaneously. ThiS can be 
accomplished through the use of a nonlinear least squares Cit 
OILLSF) procedure as, ror example, has been described by Macdonald 
( 1). 

This still leaves one with the problem ot guessing the proper 
shape or the equivalent circuit and obtaining a·set of·reasonable 
starting values for the parameters in order to proceed with the 
NLLS-fit. A simple procedure is described with which the frequency 
dispersion data may be analyzed and which will yield a set ot use­
able starting values. This program (written in Basic) is especiallY 
suited for use on a personal computer. The principle and operating 
procedure will be explained and illustrated with some real· measure-
ments. · 

(1) J.R. Macdonald, J. Schoonman and A.P. Lehnen, J.Electroanal. 
Chem. , .!1.!, ( 1982) 77. 
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ABSTRACT 

SEQUENTIAL HYPERSONIC DAHPINCS DUE TO FAST ION DIFFUSION AND 

VISCOUS RELAXATION.IN Agi-RICH IONIC LIQUIDS 

L. Borjesson,+ S. W. Hartin,* L. Torell+ and C. A. Angell* 

+Department of Physics 
Chalmers University of Technology 

S-412 96 Gothenburg, Sweden 

. *Department of Chemistry 
Purdue University 

West Lafayette, Indiana ·47907, U.S.A. 

We report the novel observation that in certain ionic liquids two indepen­
dent relaxation processes can be distinguished by Brillouin scattering. The 
phenomenon ia observed in the liquid states of the so-called "superionic 
glasses" in which the fast ion conducting modes are highly decoupled from the 
relaxation modes of the amorphous matrix. Brillouin scattering data for the 
(Agi)x(AgPOsll-x systems reveal two independent hypersonic phonon damping mech­
anisms which are attributed to structural relaxation and to Ag+ diffusion, re­
spectively. For low Agi-concentrationa (x ~ 0.)) only one absorption peak is 
seen; indicating a coupled system where the conductivity relaxation time is 
about the same as the structural relaxation time, i.e. T0 = T~ • For higher· 
Agi-concentrations (x ~ 0.4), where a greater decoupling (T0 < T~) of Ag+ diffu­
sion is expected, a second absorption region ia observed. For x • 0.4 , and 
x • 0.5 an absorption peak is found at a temperature predicted by extrapola­
tions into the liquid state of conductivity relaxation time data of the glass 
though for x • 0.5 , the second absorption region is very broad. The results 
imply tha• we have observed, for the first time, the liquid state equivalent of 
the mobile cation internal friction peak well known from lower frequency me­
chanical studies of ionic-conducting gl~sses. 

P4/TH-ll 

MONTE CARLO STUDIES OF IOHIC CONDUCTORS CONTAINING A~ INSULATING SECOND PHASE 

A. Bunde+-, W. Diete"rich+,and E. Roman+ 

+Fakultat fUr Physik, Universitat Konstanz, Konstanz, W.-Germany 
*center for Polymer Studies and De~artment of Physics, Boston University, 
Boston, USA • 

The ionic conductivity of Lil and other materials can be considerably 
enhanced by addin~ small particles of an insulating second phase. This ob­
servation is attributed to an increased density of conducting ions along the 
internal interfaces in the two phase mixture 1• In this work we 'formulate a 
model which displays the characteristic features of such systems. We consider 
a two-dimensional lattice with randomly distributed blocked regions and map 
the trans~ort properties of the mixture to a random resistor network which 
consists of resistors of conductance a1 , a

2 
» a

1 
, and a

1 
• 0, corresponding 

to the normal conductivity along·the internal interfaces and to the zero~ 
conductivity inside the insulating regions. To solve for the resulting con­
ductivity we map our .random resistor network to a random walk model, follow­
ing a mapping procedure which has been recently introduced by Bunde et al. 2 

in the context of mixed conductors. ·1n·our random walk model,· the jump rate 
along the highly conducting interface is strongly enhanced and the sites along 
the interface are loWer in energy so that the interface becomes attractive. 
lie study this model by Monte Carlo simulations and find that the conductivity 
is strongly increased· at low concentrations of the insulating particles, 
while it drops down at their percolation threshold Pc· We discuss the concen­
tration dependence of the conductivity, in particular the position of the max­
imum and its behaviour at small concentrations and near .Pc• and relate it to 
experiments. 

J.B. ~agner, Jr., Mat Res. Bull. li• 1691 (19BO) 

2. A. Bunde, A. Coniglio, 0. Hong, and H.E. Stanley, J. Phys. A, in press. 
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Molecular Dynamics Simulation Studies of Li+ Ion Conductors 

by C R A Catlaw and H L Wolf, Department of Chemistry, 

University Colleqe London, 20 Gordon Street, London I·'ClH OAJ, UK 

tie present results of detailed M.D. simulation studies of two 
+ Li conductinq materials - the layer structured superionic Li3N 

and the spinel structured Li2Hqel4 • The aim of the simulations, 

which employ riqid ion, pair potential models, is to elucidate 

the details of Li+ mi9ration mechanism. In both cases the 

simulations reproduce the superionic properties of the 

materials, and in the case of Li3N, the observed anisotropy of 

~ the conductivity is well reproduced, althouqh the ma9nitudes 
~ 

of the calculated conductivities are 9reater than the 

experimentally measured values - a feature which we attribute 

to the use of ri9id ion potentials. Trajectory analysis of 

the results for both systems reveal a considerable variety of 

complex miqration mechanisms which in several cases involve 

complex, concerted processes. 
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CJMPUTgR $lMULATiuN JF Na lN nl~AGvNAL ~0 

J.H. Newton-Howes' ana A.U.CorrnaCI<' 

'Wolfson Unit for Solid State lonics, !mperid CoLlege, Lon:lon .;,a 2cP, U~. 
lPr~sent Aaaress: Department of i'nysics, Monash Un 1 verslty, 

Clayton, Victoria, Australia, 3168) 

'Department of Cnemistry, Univers1ty College Lon:lon ~C1H OAJ, UK. 

Altnougn "'0St lnvestil!atlons into fast cation conau~tors •nve 

C<!ntrro on Li as ·the conductln~ species, g1ven a sultable nost structure, 

sodium ~y prove to ~e an acceptable alternative. So"'e attention has been 

focussed on tne hexagonal form or ~o, as a possible electrode material 

because of the large size of the tunnels in its structure, in addition to 
its role in electrochromlc devices. 

ln this presentation we report. a study of th~ behavio1.1r of Na In 

hexagonal •O,, using well estabHsned computer simulation techniques 

wnlcn nave previously been 1.1sed In tne Investigation of some other rast 
ion ~onJuctor s. 

ije describe how our o110del, us in& prev lou sly derived Interatomic 

potentials for ReO, structured "'ater'lals, reproduces the struct1.1re of 

n,,.agonal wo,. From calculations on two Sodium tun11sten bronzes, 

Na 0 • ,.,•o, and Na 0 •. ., 1 W0 1_, as well as ca._lculations on ,the behaviour .. of 

isolated Na• cations in the hexagonal lattice, we snow that our model 

predicts incommens:.~rate ordering behaviour ("hich ~as been seen in· tne 

potassium counterpart Kxioi0 1 ) ·ana a compositionally dependent diffusion 
coefOc lent for sod lum transport. 

Discrepancies between the experinienta.l data and :node! pr.,dictions 

"Ill be considered in the light of theoretical limitations and 
experimental constraints. 
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Particle Hotlon Through a Dynamically Disordered Medium: The Effects of 

Correlation and Application to Polymer Solid Electrolytes 

Caroline S. Harris, A. Nltzan, ~rk A, Ratner, and D. F. Shriver 

Department of Chemistry and ~aterials Research.Center 
Northwestern University, Evanston, lL 60201 

ro study the diffusion of small particles through a dynamically disordered 
medium, a dynamic bond percolation model haa been developed. This dynamic bond 
percolation model differs from the standard percolation theory, in that the 
lattice ts no longer static but undergoes rearrangements which reassign the open 
and closed bonds. Physically, these rearrange.ents correspond to orientatlonal 
~otions of the (polymer) host lattice. 

An interesting feature of this model is that, even below the perco(ation 
threshold, diffusive behavior can occur, aa long as the renewal time tren• the 
time characteristic of the rearrangment ~f banda, il abort co•pared to the 
observation time. 

lonlc conductivity in polymeric electrolytes 11 one of the systems for which 
this model is useful. In theea uteriall, alkall metal lone diffuse through a 
medium (the polymer) which is undergoing dynamic motion cauaed by configura­
tional motions of the polymer. Since pol,.ar chain motione will affect several 
ion binding sites simultaneously or aerially, the model ie further elaborated to 
account for correlations in the segmental motiona of the pol,..r hoet. The 
renewal of the bonda la changed from occurring randomly to include ei•ple corre­
lation effects, 

Of principal concern in this study is the affect that correlated renewale 
have on the transport behavior of the model. Simulation• were done on a 1-D 
lattice and a diffusion coefficient calculated. The values of the di·ffueion 
coefficients from the two systaae (with and without correlated renewal) are 
studied and their behavior aa a function of the fraction of available banda, f, 
and the renewal time is compared.' 

For both correlated and uncorrelated renewals, the eystems were diffusive. 
The diffusion coefficients, in both cases, increased with increasing f and 
decreasing tren• corresponding to an increase in the free voluae, the config­
urational entropy, and the temperature of the polymer eystema. The diffusion 
coefficients from the correlated system• were alwaye emaller than those from the 
uncorrelated systems, except for the li•lt f • 100%. 

The ratio of the dlffuelon coefficient• for the correlated and uncorrelated 
systems, respectively, was studied ae a function of tren and f. This ratio 
falls off to a constant value as tren is increased and reaches a minimum value 
at f • 50%. Thta behavior of the ratio as a function of f can be explained by 
considering the diffusion of the bonds in the lattice for the correlated case. 
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ELECTRICAL AND THERMODYNAMIC PROPERTIES OP 

Li 2so4-Ag 2so4 SOLID ELECTROLYTES 

Q. G. LIU and W. L. Worrell 

Department of Materials scrence and Engineering Kl 
University of Pennsylvania, Philadelphia, PA 19104 

New solid-state electrochemical sensors using Li 2so4-

Ag2so4 electrolytes have been developed( 1 ~21 recently for 
measuring so2 and/or so3 in gas mixtures. The electrical 

conductivities and thermodynamic properties of these solid 

electrolytes are reported in this paper. 
An A. c. impedance technique has been used to measure the 

electrical conductivities of several Li 2so4-Ag 2so4 solid 
electrolytes. Results indicate that the electrical conductivi­

ties of the Li 2so4-Ag 2so4 solid electrolytes are much higher 
than those for other sulfate electrolytes, i.e. 1.1 (ohm cm)-l 

at 530°C for Li 2so4-(23 mol,)Ag 2so4 electrolyte. The change in 

conductivity with the gas composition has also been measured. 
Th~ independence of the electrical conductivity with the 
so21so3 concentration and galvanic cell measurements indicate 

that the conduction is ionic. 
The thermodynamic properties of Li 2so4-Ag 2so4 system have 

been measured using galvanic cells. The activity of Ag 2so4 in 
the Li 2so 4-Ag 2so4 binary system has been measured at tempera­

tures between of 450 and 560°C. Using the Gibbs-Duhem equation 

the activity of Li 2so4 and the Gibbs free energy of mixing for 

the Li 2so4-Ag 2so4 binary system have been calculated. Using our 
galvanic results, the Li 2so4-Ag 2so4 phase diagram has been 

revised slightly in the Ag 2so4 rich region. 

Reference 
(ll W. L. Worrell and Q. G. Liu, J. Electroanal. Chern., 168 

(1984) pp. 355-362 
(21 Q. G. Liu and w. L. Worrell, Proc. Int. Meeting Chern. 

Sensors, Vol 17, Anal. Chern. Symp. Series, Elsevier, New 

York, 1983, pp 332-337. 
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NEW FAST SOLID LITHIUM ION CONDUCTORS 

AT LOW ~ INTERMEDIATE TEMPERATURES 

B. Schoch, E. Hartmann, and ~ Weppner 

Max Planck Institute for Solid State Research 

D-7000 Stuttgart-SO, Germany 

The search for fast solid lithium ion conductors requires 
other strategies compared to the search for classical silver 
or copper ion conductors. This is mainly due to the generally 
high binding energy of lithium and the relatively high 
thermodynamic stability of most lithium compounds. This 
stability is of course, on the other hand side, a basic 
requirement for the construction of storage batteries with 
high energy densities. Three different approaches have 
recently disclosed a variety of useful solid multinary lithium 
ion ~onductors. 

Since the presence of other cations than lithium results 
in an instability against reaction with elemental lithium in 
the majority of cases, we have looked at multinary lithium 
systems with several anionic species and lithium as the only 
cation. Results will be presented for materials based on the 
ionic conductor Li

2
s and lithium halides or oxide as 

additional constituent. 

A few compounds have also been studied which belong to 
the small group of mat~rials for which, in contrast, the 
lithium compound is less stable than the ~alt ot the other 
type of cations. These materials were mainly based on Li

3
N. 

Phase equilibria and electrical conductivity data .will be 
presented. 

A third' class of materials consists of solid addition 
compounds of lithium halides and various organic materials 
such as methanol. These material~ show very ·high ionic 
conductivi~y at ambient temperature. In addition, the 
compounds have many •dvantages with regard to their 
preparation, handling and application in solid ·acate galvanic 
cells. 
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INTERCHANNEL CORRELATION OF MOBILE IONS IN HOLLANDITES 

S. Suzuki, M. Tanaka, M. Ishigame*, T. Suemoto*, Y. Shibata*, Y. Onoda** 
and Y. Fujiki** 

Department of Physics, Faculty of Science, Tohoku University, Sendai 980, 
Japan 
*Research Institute of Scientific Measurements, Tohoku University, 
Sendai 980, Japan 

**National Institute-for Research in Inorganic Materials, Ibaragi 305, 
Japan 

Seyler et ·al. studied the conduction-ion arrangements in the Hollan­
dites, A2xMgxTia-xOl6 (A•K; x-0.77 and A-cs; x•0.67l by the rotating 
crystal method of X-ray diffraction and obtained the following results: 
ll There exists no interaction between the conduction ions which are 
present in different conduction. channels. 2) In the K-Hollandite, there 
are four kinds of superlattices which have three-, four-, five- and six­
times cell dimensions in the c-direction of the fundalllantal call. The 
occupation probabilities-of these superlattices are 0.15, 0.37, 0.37 and 
0.11, respectively. The displacement value of the potassium ions neigh­
bouring to the vacancies is. 0.245 c0 , where c0 is the lattice parameter 
in the c-direction. 3) In the Cs-Hollandite, the displacement value of 
the cesium ions neighbouring to the vacancies is 0.12 c0 • 

We have reinvestigated the conduction-ion arrangements in the K-Hol­
landite of x-0.82 and in the Cs-Hollandite of x-0.59 grawn by Ishigame, 
Suemoto and Shibata by the electron diffraction and high-resolution elec­
tron microscopy. The obtained results are as follows. ll For both Hol­
landite&, the conduction ions in a channel are ·correlated with those in 
the neighbouring channel. That is, two vacancies in the adjacent two 
channels occupy the second nearest positions or/and the third nearest 
positions. The occupation probabilities of the former and the latter 
positions are 0.7 and 0.3 in the K-Hollandite and 0.91 and 0.19 in the 
cs-Hollandite. This interchannel correlation.becomes stronger as the 
specimen' temperature is decreased. However, both Hollandites did not· 
transform into the auperlattice structures at the liquid nitrogen temper­
ature but stay in a kind of glassy state. 2) The superlattice call di­
mension formed by the conduction ion arrangements is essentially of one 
kind. The dimensions are four- and three-times the fundamental cell for 
K and Cs-Hollandites, respectively. The vacancy arrangements were direct­
ly observed by high-reaolution electron microscopy~ 3) The displacement 
value of ·the conduction ions neighbouring to the vacancies _were evaluated 
from the diffusely scattered intensities of electron diffraction by taking 
account of the interchannel correlation. In the K-Hollandite, four kinds 
of K-iens neighbouring to the vacancies can displace differently. The 
displacement values were determined as 0.25.c0 , 0.20 C0 , 0.18 C0 and 0.10 
C0 at room temperature. In the Ca-Hollandite, three kinds of Cs ions are 
displaced by the ~unts of 0.17 c0 , 0.05 C0 and 0.04 C0 • 4) In the spec­
imens which were grawn from specially pure row materials by Onoda and 
Fujiki, we could observe the effect of ion arrangements in electron dif­
fraction patterns, but could not observe the vacancy arrangements iri the 
high-resolution electron microscopic imaqes. This fact means that the 
conduction ions in pure specimens keep the correlation described above and 
move to the next equivalent position beyond the potential barrier in the 
exposure time of photographs and that the ions in impure specimens may be 
pinned and stopped by impurities. 
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ALKALI ION DIFFUSION IN M' (AlSi04) COMPOUNDS WITH FRAMEWORKS 

OF THE TRIDYMITE TOPOLOGY AND ITS VARIANTS. 

M. Gregorkiewitz, Instituto de F1sico-Qu1~ica Mineral, CSIC, 

Serrano 115 bis~ 28006 Madrid, Spain. 

Homoionic, crystalline tectosilicates with the general compo­
sition M' !AlSi04l were prepared either by direct synthesis 
or by ion exchange in fused nitrates, leading to a. total of 
8 samples representing 4 closely related framework topologies 
(tridymite-nepheline, kaliophilite Ol, hexagonal kaliophili­
te, Icmm; all of them belonging to the family described by 
J.V.Smith, Amer.Min. 62 (1977) 703) and with Na, K or Cs in 
the framework cavities-or channels. 

Electrical conductivities in the temperature range from 260° 
to -:102s•c were obtained from impedance measurements, using 
pressed pellets of the powdered materials in an AC-bridge at 
frequencies of so-to• Hz. Additional information was obtai­
ned from kinetics of the ion exchange reactions at 210• to 
39o•c, some of which were carried out for different grain si­
zes of the same material in order to ascertain volume diffu­
sion. All samples were investigated by powder and/or single 
crystal x-ray diffraction techniques. for the control of .. 
structural changes during conductivity and diffusion experi­
ments. 

The conduction is aimost entirely ionic and is attributed to 
a volume diffusion of alkali ions thr~ugh the framework. Io­
nic conductivitie3 G range from 5•10- S/cm for Cs-Icmm at 
80o•c up to 7·10-6 and 1.5•10-2 S/cm for Na-nepheline at 300° 
and B"oo•c respectively! corresponding to diffusion coeffi­
cients D between 2•10- 0 and 5•10-6 cm2/s. The activation 
enthalpies of D·and sT lie in the order of 77-122 kJ/mole. 

. .. . . .. 
The experimental results are interpreted in terms of structu­
ral parameters and lead to interesting new conclusions about 
the relationship between the alkali ion transport and cry­
stallochemical factors such as void fraction, topology and 
conformation of the framework. 
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DYNAMICS OF THE LlSICON SYSTEM FROM 7Li NHR 

M. Bose and A. Basu 
saha Institute of Nuclear Physics, Calcutta 700009, INDIA 

D. Torgenson 
Department of Physics, Iowa State University, Iowa, USA 

T1 measur!lllents have been performed at 40 Me tor polycrystalline 
Lisicon Li14 Zn(Ge04l4 and its Zn rich analogue (ZRA) in the range 200-
666K. T1 values vary from sees to msecs. Assuming a BPP type 
relaxation mechanism, the data was evaluated by fitting the T1•s to a 
single diffusion minimiJII over the temperature interval wherein motional 
effect occurs. For Lisicon and its ZRA, the activation energies (6E) 
ot 0.375eV/atOD and 0.371eV/atOD and diffusion attempt frequencies of 

"o equal to 0.213 and 0.118 sec res~ctl vely were obtained. The liE's 
obtained trOD our line width studies are still lower viz., 0.19

2
ev and 

0.17eV respect! vely •. FrOD single crystal studies, Chen Li Quan et al 
reported several liE's corresponding to different phases for certain 
temperature ranges viz. 298-353K C6E=0.58), 353-413K (6 E=0.92), 353-
573K (liE=0.62), 573K(liE=0.36). The low values obtained trOD NHR either 
from the line width or Tl measurements are not unexpected, as NMR 
responds to local motion a so, whereas conduct! vity is affected by long 
range diffusion only. 

Fourier transform spectra or both samples at SOOK·revealed the 
presence or an asynmetric central line with satellites. The derivative 
or the central line showed low field structure and this in all 
possibility arises from the inequivalent Li lattice sites present. 
Chemical shift anisotropy may be another contributing factor. The 
interesting point is, tor Lisicon the first order quadropolar splitting 
(liQ._ = 8.5 KHz at. SOOK) vanishes at 666K but is clearly present (vq= 
20.) KHz) in the ZRA. COnductivity studies indicate that Lisioon has a 
higher oonduct1 vity at higher :temperatures than its ZRA. The reverse 
is true at lower temperattres, inspite of the larger m.mber of mobile 
Li ions in Lisioon. The bigger Zn ion increases the bottle-neck size 
at room temperature and hence the CCIIIparatively increased mobility ot 
the ZRA. at low. temperatures. Interestingly liE is not much different in 
the two CCIIIpolllds. Thus the mobility beCCIIIes the factor in determining 
conductivity. In the ZRA, with the larger bottle-neck size the 
mobility is not much temperature dependent, whereas in Lisicon it is 
very much so. Thus at higher temperatures, where the Li becomes more 
m6b1le (the ZRA is lllaffected), particularly after the phase transition 
in Lisicon above 573K, the increased mobility averages o~t the 
quadrupolar ooupUng, whereas the ZRA is unaffected. Li/Zi RongJ also 
reported that in Lisloon the .quadrupolar coupling or 39 Kc/s observed 
at 329K is strongly temperature dependent.· T1 at 295.5K is or the 
order ot 18.2 11 sec and 18.1 sec ror Lislcon and ZRA respect! vely. 
Finally the FID data or the two CCIIIpolllds at 6661< differ si!P11f1cantly. 
The ZRA shows many more wiggles than that of Lislcon. This needs 
further investigation for a proper lllderstanding. 

1. D. Mazumdar et al., Material Research 18, 19, 1983 
2. Chen Li Quan et al., Acta Physica Sinica 29, 661, 1980 
3. LI Zi Rong et al. Acta Physica Slnica ]Q_,1388, 1981 
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SOME Na2so4-BASED FAST ION CONDUCTORS 

!:_ SHAHI AND G.P .S. GOP ALAN 

Department of Materials Science and Physics 
Indian Institute of Technology, Kanpur-208016, INDIA 

With a veiw to develop new Li+ and Na•-based fast ton conductors, a 
number of lithium and sodium salta are being explored. Particular attention is 
being given to two sulphates, LizS0 4 and Na2so4, as they both exhibit high 
temperature phases which are fast ion conductors; the noraal~fast ion phase 
transition temperatures being Tc•S75° and 240°C reapectively. The 
stabilization of these phaaea at lower teaperaturea sight thua be expected to 
result in highly conducting saterials. 

In this paper we report the reaults on Na 2so 4-baaed saterlala, in 
particular the four aystese Na 2so4-M 2(so4>3 where M•La,Ss,Dy and In. These 
system• have been investigated by seana of electrical conductivity (a·) 
mea8uresents, X-ray diffraction (XRD) and differential thersal analyaie (DTA). 

The conductivity vs compoaition curvea exhibit maxiaua around 2-3 sole% 
M2(so4J3• The maximum enhancement in conductivity 1a obtained when M•La, the 
enhancement being more than 1000 tisea at lower te!!ferat~rea (- 180°C). For 
example, Na2so4 + 2% La2(so4>3 exhibita a .,. = 7.6xl0- oha- cs-1 at 180°C and 
an activation energy (E._) If o.s,.v. Tria aay be cospared with pure preaelted 
NazS04: cT(l80°C)•6.9 x lu- ohm- cm- • and !a•1,6eV (below Tc)• 

For NazS04+2% Ioz(S04)3 : cr(l80°C) • 3.3x10-6 ohs-l.,,.-l and !a•1.17eV. 

Na2so4+2% sm2(so4)3: o'(180°C)•S.Sxl0-5ohs-1cs-1 and !
8
-D.62eV. 

It is •:!dent that the enhanceaent ia maximum when the dopant is La+3 and 
least for In+ • Also it i8 noted that the activation ener11 ia lower when the 
eohance,..nt la larger, which i8 self coneistent. 

The Na2so4-In2(so4>3 system appears rather unatable. However the other 
three syate,.. indicate that the high teaperature phaae of Na2so4 (phase I) can 
be stabilized at rooa temperature, a result found conaiatent in the 
conductivity seaaurementa, and the DTA and XRD analyaea. 
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PHASE RELATIONSHIP AND ELECTRICAL CONDUCTIVITY OF 
Li1 .. TihGa,P p 12 AND u 1• 2;nhMg,P p 12 SYSTEMS 

Zu·xiang l.in. Hui·jun Yu. Shi-chun Li and Shun-bao Tian 
Shanghai lnstirulC of Ceramics 
Chinese Academy of Sciences 

865 Chang-ning Road 
Shanghai 200050 

ChiDa 

Phase relationship and electrical conductivity of ihe sysiCms Li1+lTi2_ 
,Ga,Pp12 and Li1• 21 Ti2.,Mg,P10 11 were swdicd. · 

The resullS obtainted by X-ray analysis are as follows: In the system Li1.,T~. 
,Ga,Pp11• a homogenous rhombohedral solid solution extends to x = 0.6. lhe 
supcrstlllcture lines appeared at x =. 0.4 .. 0.6 can be indexed by a tripled 
rhombohedral unit cell. Second phase appeared from x = 0.7 and, at the same time. 
the rhombohedral phase changes gradually 10 monoclinic. In the system Li1.2,Ti2-
,Mg,J'1012. the range of the rhombohedral solid solution is rather narrow. The. X-ray 
diffraction lines characteristic of the rhombohedral phase begins to split to lines of 
momoclinic at a smaller value or x. accompanying with appearance of a few of very 
wcJk lines of unknown phase. ll1e cell constanlS of lbe rhombohedral solid solutions 
increase with increasina x in both the systems. 

Oulk conductivities of these systems measured by complex impedance melbod 
are presented. Maximum conductivity occurs in both sytems. They are 8.4xl0"1 and 
S.lll0"1 S/cm at around .lOO"C and at x = 0.6 and x = O.J respectively. 

The rcsullS obtained are discussed in view of size and polarizability of lbe 
skeleton ions and ionicity of the M-0 bonds. Comparisons between the system Li1• ,n2_,1n,P10 12 and each of the two systems investigated here are given. 
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TIME-QF-FLIGHT NEUTRON POWDER DIFFRACTION STUDY 
OF Na2ZrzSiP2o12 AND Na3Zr2Si 2Po12 

W.H. Baur, Department of Geological Sciences, 9ox 4348, 
University of Illinois, Chicago, Illinois 60680, USA 

D.H. Whitmore, Department of Materials Science and Engineering, 
NorthWestern University, Evanston, Illinois 60201, USA 

J. Faber, Materials Science Division, 
Argonne National Laboratory, Argonne, Illinois 60439, USA 

Abstract 

Neutron powder diffraction data were collected by the time-of­
flight technique at the Argonne Intense Pulsed Neutron Source. Two 
dense, ceramic samples were used, Na2ZrzSiP2o12 and Na1ZrzSi 2P01 2, and 
each was measured at room temperature and at 572K. The ionic 
conductivity was measured using an a.c. mett-od on samples cut from the 
sa:ne sintered pellets as had been used for the neutron diffraction 
experiment. 

The powder diffraction profiles were refined by the Rietveld 
method. After correction for spurious background (due to technical 
difficulties), the results were self consistent between refinements of the 
data collected in back reflection and for 26 =90•. Low values for the 
structure factor residuals were obtained both for the rhombohedral (0.066 
to 0.078) and the monoclinic (0.048) phases. The maximum change in cell 
constants upon heating from room temperature to 572K is 0. 15A for 
Na2Zr;>SiP2o1 2, and 0.08A for Na3Zr;>Si2Po12, when it goes through the phase 
trans1tion rrom space group CZ/cto1!321c. The crystal structure of the 
monoclinic phase has previously not been published. The distances between 
anions and cations are reasonable, compared with the values expected fran 
the known effective ionic radii. Refinement of the occupancy factors was 
constrained to the full theoretical content of the Na sites, based on 
chemical analysis which confinned the starting ccmposi t1on. The occupancy 
facLors show only insignificant difrerences between room and high 
temperatures for Na2zr2SiP2o12 , the Na(l) position being essentially 
completely occupied at 572K". The same is true for the high temperature 
phase of Na3ZrzS1 2Po1 2• In the low temperature monoclinic phase, the Na(3) 
position, six coordinated by oxygen atoms, seems to carry all the 
vacancies, while the Na(2) and Na(l) positions appear to be fully occupied. 

Relations between the structure and the ionic conductivity of these 
NASICON compositions will be discussed. 
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NEUTRON DIFFRACTION STUDY OF THE DISTRIBUTION AND THERMAL ~OTION OF SILVER 
IONS IN ALPHA- AND BETA-Ag3SI 

J. J. Didiahaim1, R. K. HcHullan
2 

and B. J. Wuenach1 

1o.partment of Materials Science and Engineerin!• Hasaachusetta Institute of 
Technology, Cambridge, Mass. 02139, U.S.A. and Chemistry Department, Brook­
haven National Laboratory, Upton, Long Island, N.Y. 11973, U.S.A. 

Fast-ion conducting Ag3SI, intermediate to Agl and A12S, is of interest 
in establishing the role of bonding and mobile ion concentration on the Ag 
distribution and transport properties of these phases. Previoua powder dif­
fraction studies and a ainsle-cryatal x-ray analyaia had established the 
existence of three phases: a (T >240°C), apace group Im3m, having a disordered 
bee anion array and cations disordered among tetrahedral sites; a (-ll6°<T 
< 240°C), space group PmJm, having an ordered CaCl-type anion arrey and 
cations disordered in tetrahedral sites; andy (T < -ll6°C), space group R3, 
with cations ordered in a aubaet of available tetrahedral-sites. The present 
single-crystal neutron-diffraction study waa undertaken to characterize the 
Ag distribution more precisely, capitalizing upon the higher resolution 
afforded by the lack of decrease Qf scattering length with angle and the fact 
that, as opposed to x-ray data, Fourier synthesis provides the probability 
distribution for the cation nucleus, rather than a coavolution of the proba­
bility with a distribution of orbital electrons of comparable spatial extent. 
The structures vera alao examined aa a function of temperatura for the first 
time to permit distinction between time-averased anbarmoaic thermal vibration 
and positional disorder. 

The~ phase was examined at te~eraturel of 23, 95, 168 and 232°C uaina 
Be-monochromated thermal neutrons of 1.05099 l wavelenath at the Higb Flux 
Beam Reactor at Brookhaven National Laboratory. Jhfee to aix sets of 
aymmatry-equivaldnt reflecti~ns for ain&/~<0.78 ~- were recorded to pro­
vide 72 independent intensitiae of which 61 to 55, dependiD@ upon temperature 
were> a; internal agreement in I ranged 3.7% to 1.9% for the individual 
data sets. Refinement indicated partial positional disorder of S and I. 
Models •~-~ned included anharmonic temperature for AR ions and/or partial 
occupancy of the octahedral aite. The moat aucceaaful model employed AR 
ioaa solely in a tetrahedral site coordinated by 2S and 21 and anisotropic 
haroenic terperature factors. The temperature factors ware found to vary 
linearly with te~arature. Final weighted reaiduals, Rv(F2), including 
unobserved reflections, ranaed 3.9-5.9%. 

The anion-disordered a-phase waa investigated at 323, 380, 442 and 
475°C and 18 to 20 independent structure factors >a ware obtained from 
averages of symmetry-equivalent intensities rangin& 26-37 in number, depend­
ing on tc~erature. Final weighted residuals Rv(F2), including unobserved 
reflections, vary berween 3.3 and 4.5%. The Ag probability density is 
highly delocalized compared to that in a. being elonaated along [100) in a 
fashion qualitatively similar to a-Ag2S. Significant differencea relative 
to the sulfide, however, are evidence for occupancy of a site at ~~and 
fine structure in the probability density. Rather than representing anhar­
monic effects, the latter features may be expleined to satisfaction in terms 
of positional disorder of the Ag ions which depends on the local configur~­
tion of S ~nd I about the site. 
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QUASI-ELASTIC AND INELASTIC NEl11R<Jl SCA'l"''EEUN;; S'ruDY OF 
Na3 Cr2(P04)3, Na Zr2(P04)3, Na4 ~ Zr(P04I 3 

(a) (a) (b) (c) 
G. LtX:AZEAIJ , M. BAIIJ , C. DEU11\S , A.J. DIANOUX 

(a) Laboratoire de <ll.i.mie-Physique du Solide, 
Universite Paris XIII, 93430 Villetaneuse, France. 

(b) Laboratoire de 0\imi.e du Solide, Bordeaux I. 

(c) Institut Laue Langevin, Grenoble. 

Polycrystalline sanple of Na3 Cr2(P04I 3 has been investigated on a 
time of fliqht spectrateter IN6 at 30, 150, 300 and 400"C. Using incident 
wave lengths of 5.1 A• and 5.9 A• giving nean resolutions of 0.130 and 
0.080 neV respectively. For ~ison Na 2r2 IPOGh and Na4 ~ Zr(P04)3were 
inve!tiqated at 3oo•c with A-s.l A• in a Q ranqe ca~p"ised between 0.2 and 
2 A0 1• . 

'1he broad and stronq quasi elastic signal (QES) obselved for the 
chr~um ~ is attributed to the spin fluctuations of er3+ ions and 
to Na I!Vltl.ons. 

'llle intensity and the fullwidth of the QES have been studied as 
funCtion of Q and of the tenperature. '1lle QF.S observed for (2':1 ;.·-I is 
believed to be associated to maqnetic scatterinq while the QES observed for 
Q l <A.-I is likely due to Na jU~~F-~. '1lle decrease of the width of the QES 
1ot\en the T• is raised fran 150 to 400"C indicates that two junp reqimes 
occur. 'l11e interpretation of tilese results is in progress. 

'1he inelastic spectra of these different c:atp:lU!lds ~ ~oell 
with IR and Raman data. A new and stronq peak at about 10 an- has been 
evidenced for tile chranium catp)und it has been assiqned to Na1 local 
rrcde ; ita intensity variations fran 30 to 3oo•c have been related to tile 
population of this site. 
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~a-K EXCHANGE OF THE NASICON-TYPE STRUCTURAL COMPOUNDS 

Hasavukl NAGAI and Tadashi NISHINO 

Husashi Institute of TechnolORY• Tamazutsuml, Setagaya-ku, Tokyo, JAPAN 

Study on ion-exchan~~ characteristics of alkali ions is of importance to 
understand conduction mechanism in alkali ioi conrluitors. From Na-K exchange 
equilibrium, the activity coefficients of Na and K can be ~etermi~ed. 
As activity coefficients reflect the interaction between Na and K , we can 
discuss the site occupancy and the alkali ion distribution on the basis of Na-K 
exchange data. Activity coefficients Rreater than unity are usually associated 
with repulsive interaction between unlike species, while those less than unity 
are usually associated with attractive Interaction between unlike species. 

In this study, ion-exchange characteristics of Nazr2(P04J1 (the end member 
of a solid solution Na 3zr PSi 0 2 known as a fast ionic conductor) soaked in 
(Na,K)N01 melts was inves~iga~ea. Usual solid state reaction and freeze drying 
technique were employed to prepare a ~eries of aolid solutions having the 
compositions of Na

1
_ K zr

2
(P0

4
J

1 
(afxWl). About lg of NaZr2(P0

4
J1 powders were 

~ixed with ca. 20g of fne nitrate, heated up to 3&o•r. and iept fOr 15 hours. 
Subsequently, they were repeatedly washed with water, filtered and dried. 
Compositional dependence of lattice parameters was used to estimate the quantity 
of Na and K. As activation analysis was found to be effective to determine Na and 
K contents in this series of samples, It was also employeJ for determination of 
Na and K contents. 

lt was possible to index the X-ray diffraction patterns for all the samples 
having the compositions of Na 1_ KxZr,(P04) 1 with space group Rlc and hexagonal 
lattice. In a series of the solfd solutions, the lattice con~tant along a axis 
shrinks and that along c axis expands linearly with an increase of K content. 
The change ·in .lattice parameters was large enough to estimate Na and K contents 
with an error of tJ%. It was also possible to index the X-ray diffraction patterns 
for the ion-exchanged samples with space ~roup Rlc and hexagonal lattice. 
The diffraction pattern for the powders soaked in KN0

3 
melt at 38o•c for 15 hours 

~as essentially the same as that treated at 380°C for a few minutes. Consequently, 
it is likely that the Na-K exchange would proceed rapidly and attains an 
equilibrium state within ·a markedly short period of time. Moreover, the K content 
in the exchanged samples detennlned by x~ray was confinnei by ac~ivation analysis. 

~ith respect to the distribution coefficients of Na and K betwPen the solid 
and melt, the shape of the c¥rve with convexity toward the solid indicates 
preferable distribution of ~ in the solid, sugReSting that K wnuld more tightly 
bind in the lattice than Na . ThP equilibrium reaction Is ~lven by 

t\a+(s) + K+(l)~ It(s) + Na+(l) 

~here (s) represents solids and (1 l reiresents melts .• The equilibrium constant 
and ac.tivity coefficients of 1la + and K in the solids were calculated by graphical 
inte~rarion, using the dPtermined distribution coefficients in the solids and 
liquid• and the activity coefficientR in the melts availaile in the literature. 
The··remarkable decrease in the+activi~y coefficient of Na in the K rich region 
of the solids sug~ests that Na and K would strongly interact and preferably 
occupy their own sites. 
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':':~R:·O:J\'NA.'U:C ;,:;:) ~~!ICML I!-.'\'ESTIC".;:no::s OF '!:-::: 

:-:.1\Sio:N SOU::> SOLL':'ICl: Sl'S'IIM 

Jcac=llm ~mer and t.:~ Warhus 

r-~-Planck-L~st.!. ~:1t ::..:r FestkO=?eX!::rsC::r.mg 
Heisenberg:>-::. 1 ,:>-70::0 Stuttgar: SO,N.Go>..J:r.-any 

'!':"le ~ICD~ solid solut.:.cn system is expected to of:ar good '?ros;:ects 
for a highly a=tduc-=ive and a prettj c:hea'? solid sodium oonduc::or which 
:c:J.y ::a used as an elect...-olyte for tt:e sodil:T!-sulfur cell. It has been 
o:~'l investigated as far as ,reparation oondi tions and oonductance 
P=~..ies are CO."l=eci.But alt!:ough it is extrell'ely inp:lrtant to investi­
gate t.'le the:c:odyr.a::ti.c stability wit.'l res;:>ect to the end lt'e!T'bers and 
Wl. t.'l res;:ect ':o '?OS Sible reactions wi t.'l Na a.'ld S, reliable thenrod'jrulll\ic 
c!ata are lacki."lg in t.~e li<:erature. 

l:ASio::>~ =r;x::sitic~ in t.'le binary syste.'ll of Hong {1) as well as in 
t.'le te=a.ry solid sol1."tio:t syste.m,witi.o has bee.'l reoe.'ltly '?roposed !2) 
have bee.'l pre;::ared as si."l;le 9hase rraterials {shewn by x-ray,mi=sCC?iC 
and IR ::eas=e:e."!ts,IC? a:-.alysisl .lalg ti1!e sintering tests alll:w a 
oo:lSer:ative esu..-:-ate of ~he thez:r.al stabillty of this cnt;>Ositions. 

In oreer to cbtain el!aC: data the e.m.f. of foDnation cells wit.'l the 
O'.•er-..ll reacuo:~ 

x Na2CD3 +!t~.¢...- W.SICIN +X CD2 

has !::>ee.'l reccrL"<i as a ft=Jction of t:er.;>erature.TheQi.- ll'ean the product 
p.~ases coexisting with NI.SICIN,if dit:erential ai!Dunts of Na.,O are 
re:rcved. The CD~ ,artial pressure has been :txed by both a Cl!£D /CaD 
but:er system a.~d by gas r..ixt:ures.'l'hus, the enthalpy and the en~py of 
reacticn are obtained. 

In:!:;:endently DSC :reast:=~ts are used for elucidating c;r,H- and 
s-val~s.Different theoretical procedures for estilnating the dat-a are 
inclu:!:d in the calC'.llati::n process and =tpared with the exoerir.ental 
results. 

The results =oer.-.i.~g the solid solution system can be s=ized 
by a themcclynamic mi.'<i."lg :rodel. Refer=ing to the thert!'Cdi,amic stability 
a;air.st Na and S the <.i!:::Os energies of pcssible degradation processes 
can be given and can be ="!pared to kinetic investigations. 

References 
1 .H. Y .-P.Hong,}1at.lles.Bull.lJ, 173, { 1976) 
2.H.Kohler,H.Sc:h'-!l:,O.!-Elnikov,~1at.lles.Bull. @, 1143, { 1983) 
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NASICON : Amorphous to crystalline compounds 

J.P. BOILOT, Ph. COLOMBAN 
Groupe de Chimie du Solide - Labor~toire de Physique de la Hati~re Condens~e 

Ecole Polytechnique - 91129 Palaiseau Cedex (F~E) 
G. COLLIN 

Laboratoire de Physique des Solides 
Universit~ Paris-Sud, Bit 510 - 91405 Orsay (FRANCE) 

NASICON compounds(Nat+x~~>-ySixPl-xOtz x~2, O<y<l) and analog ones (Na 1 Hz 
(PO,l 1 H•Sc,Fe,Cr) belon~ to the best fast sodium ion conductors. The crystal­
line framework is constituted by isolated SiC,/~ tetrahedra with octa­
hedral filled cavities. SOdium ions are distributed on two interstitial type 
sites generally noted Na(l) and Na(2). According previous studies, there 
are, at least, three fundamental.problems for these compounds: structural 
transitions, stoichiometry and conduction pathways. 

In this paper, we show that these problems are related to the great 
ability for NASICON compositions to give amorphous compounds. 
i J structuro l tronsi tions are gensro Hy obsel'lled abovs the roan tempenzturs. 
Xhe order of thess transitions and associatsd thennal effscts are depending 
on the fabrication process of NASICON compounds. 
Concerning zr-compounds, the sol-gel method allows to prepare homogeneous 
well-densified ceramics and glasses of NASICON type at a temperature selected 
between 600 and 1250°C. In this temperature range the NASICON structure changes 
from an amorphous state at 6oo•c into a monoclinic structure above 11oo•c 
passing by different local ordering with a rhombohedral average· symmetry. 
Concerning single crystals of NASICON analog (Na 1sc 2!PO•) 1 ): 
-when prepared quickly at high temperature (crystal from. melt ~1600•c) 

a monoclinic modification is found with a strict or4er of vacancies and Na 
ions at least at low temperatura (filled Na (I) site). This a-phase presents 
two sharp phase transition accompanied by changes in the lattice symmetry 
and parameters (monoclini~hombohedral), ionic distribution and consequently 
transport properties. - when prepared by crystallization from the powder 
( 147o•c-2 days) a rhombohedral modification is found. This·s-phase corresponds 
roughly to the intermediate temperature phase of the a type - (partially vacant 
Na(l) site) and quasi long range ordered 2a-2a-c trigonal superstructure. 
This superstructure corresponds to the ordering of a filled Na(2) triplet 
every three planes. This a-phase also presents two phase transitions but 
shifted towards low temperature with respect to the aphase. 
- when prepared from flux (non polluting Na phosphate -IIOO•c-4 days) another 
rhombohedral modification is observed. This y-phsse is close to the high 
temperature modification of the a and 8 types : large amount of vacancies 
on Na (I) site and short range order in a 2a-2a-c trigonal superstructure. 
In this y ·phase one observes a continuous transfer from NA(I) into Na(2) 
sites. 
UJ Zr deficient compositions only ezhibit slight changes of ionic conductivi­
ty in comparison with the stoichiometric ons. 
NASICON compounds can be prepared as non crystalline solids (gels-glasses), 
at low temperatures by chemical polymerization from metal or non metal alkoxi­
des hydrolysis. Moreover many compositions besides the NASICON one exhibit, 
in an amorphous state, a high ionic conductivity, similar to the one of NASI­
CON type cristalline compounds. 
iii) There al'B two possible conduction path!Jays in ths NASICON type structure 
jumping between Na(2J positions and jumping from Na(2J to Na(l) to Na(2J. 
In NASICON compounds, the sodium ion distribution and the activation energy 
of the conductivity are dependent on the thermal history. This suggests that 
these tw~ types of mechanism can exist in these compounds. · 
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FRIOUIIICY•DIPINDIIIT CONDUCTIVITY OP NA&ICOII SOLID ELECTROLYTES 

IN TRI IIICROWo\Vt RAIIGI 

J. ~- oya•• 
Dopartaent of llatorla • sclonco and tnvlnoorlnv 

ond 
11. 1. lrodNin 

Departaent of llectrtcal Cn;tneerintJ and Coacnater Science 
Norcn ... atar.n untverstty 

tvannon, llllnoi•'60l0l, USA 

~ 

CoiOplow porlllttlvltr of donn. cora111c IIAIICOII .. ud oloctrolytu 

(Na1 •• zr2S1xPl-aol 1 wttll ••1 and a•Z) bae Delft aeaaureel .at a.a.crowave frequen­

clu ranvlnv fro• 0.3 to 37.0 c;u over tbo toiiDOrataro ranvo lO to too0c. A 

neN aeaaure•ent techniQue. Nhtcb eltatnatel ayataaattc errore 111octated wttb 

the loll of contact batlllllft the Nalla of rectantular waveplde and the conduc­

tive •DOcl•on durlnt tllor•ol cycllnt, 11 .. beon developed end uao4 et froquon-· 

olu botNoon 9.0 ond 37.0 c:u. In tllo froqlleiiCJ' unto 0.3 to 7.0 c:u aauuro­

eenta Nere aade 1n coa•tal ltne uatn• the variable taratnatton aatbod. but 

to•poratura lied to bo 11111 to4 to bolo" 1oo0c: by tho contact probloaa. 

t.ow fraquanc:y coapla• tapedanca data Mara analyaad tn taraa of a CJaneral­

tze~ equivalent ctrcott and coaoared Mlth tbe alcroMeve frecaueney reau.lta. 

rroquoncy do"ndonce of conductlvltJ' et dUforont to•peratarea, ond tbo appar­

ent acttvatton enertlea at cUfferent frecauenctea 111r1 related to the aechan.taa 

of Ionic trenaport. In ce•o of tbe ••2 IIAIJCO•. offecta of tile •tractarel 

pll .. o c11en90 on tho froqaonCl'-dODendont conductivity Mere obaervo4. 11' con• 

treat. no pronoanc:o4 offec:u of toaporotaro oa frocaeaCl' dopeadenco of coftdac­

tlvltJ' .... obaorvod for tllo ••l IIAIJC:OII. ".Uc:b o•lllbiU onl7 •odorato Ionic 

condac:t1o11. co•oorlaon of tllo rualU fro• tho tNo co•poonh Nltll •l•lhr 

fra•oo•or• 8tractaro bat difforollt Ionic conduc:tlvltloa ello•• ono to Uolato 

cllorectorlatlc: foatar .. of oor•lttlvltJ' Nlllcll ero ... oc:leto4 Nltll feat Ionic 

tranaoort. 
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P Co< EA~[[o VJTF!EOU!: r:LECTROL YTI:S . 
IOENTJriCAJi:C•N or THE STRLICTURAL L•NIT5 ElY 11 P NMR-MAS 

M~r~~ V!ll! 
Dipertim~r.•c. dl ri~ice "A 

M!teris ~el C N 
Volte" ~ GruPPC Na:1cnal~ d1 Struttura d~lle 

R .Via Be5SJ b. 27100 Pav1a. ltslv 

Geetenc Ch1odelli 
Centro·~~ 5tu~Jo p~r Ia l~rmojmsmJ:a e~ r:J~ttro:hlmJ:a dei 5J!teml 

Selin! ru~i e S~hdl del C. N R c10 DIPartim~nto dr Ch!mlce ri~ice 
VJsle leramelll 1b - 2710(1 Psvn. Jtalv 

Ph~~PhUe ~elt~ c~nt!Jn t~trehedrel Pu
4 

unit~ which mav differ 1n th~1r nomine! 
chsr~e or. if ~ne prefers. in th~ numl'er t'l nvPen5 that are 5hared w1th other 
Pu

4 
umt~. Th1~ ¥r-rt. present~ the hnt re~ult~ cf an NMR inve~tJQetlon 

~h~wm~ that the • ·p resonence. c~!erved w1th the M!'JIC An~le SPmninq tMA!:• 
techmque otten pr~1·1de~ an un!mb1gu~u5 an~ ~tffi'htforwar~ i~ent1ficst1on ot 
the~e umt~ 1n ~clid Hmple~ The tuce cf the P chemical shift ten~cr 1n PO 4 
unJt!. S!!um~! va.Ju71 wh1:h art spr~s1 ~vl!r a ""JOlt ppm tnttr\•al Thts t!::t 1~ 
ht.!lv tc met.e the P NMR-MJ.S te:hn1que the mo~t powerful tool fer 
mvesti9Hin9 the ~tru:tural chem1"ry of phosphate5 

Thi~ peper analvze5 the 31 P NMR-MAS ~pectre of ;Je~~e~ of the nuem 
M,.·M

2
o B2u 3 P 2

o
5 

tM~.•Agl or LiCII Th~ maJor conclusions of the work 
follOwing· 

ue the 

- th~ di:crdu of ;l~!s~s I~ partlY responsible for spreading the re~onance 
of a unit over a - 10 ppm interval However. deconvolution .of SIGnals. 
frcm different unit~ is rtth~r strti9htforward and the fractions of the 
various units can be accurately determine(! 111 most cues 

- nletivelv :mell chan;-.~ in composition. 5uch as ~~~ :ub:tltution of "10'1. · 
of P 0

5 
with I! 0

3
. can :ut!tenhallv chan;e the P :pectre The:e 

m'jJilcHJons a~e relate~ to the wav the na~suve char~e 111 ~IStrJbute~ 111 
the borophc:phate ;Ieee network 

- rethy
1 
une~pe~telflY. the ad~ ilion of s11ver Jed ide cau~e: th~ app~srence cf 

new P peak: and the di!&PP~erence of other: ThiS meen: that A;I 
a:t5 as a network m~jJher m the boroPh~:Phat~ lil!!5e: while It 
apparentlY cau:e: m1nor mc·dJhcation5 oi the Ieee!' crder in the borati! 
gla!~!'~ 

- nu·:leetic·n of ')rthcph('!P~!t~ Phte!'~ 1~ d!'tt-cted t~; 31 P NMR in !ample! 
with =~mP:>51ti~ns nesr the b?undary .of the ;Ia~: lt'rmmg r-.g(on 
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IN-SITU DETERMINATION OF THE KINETICS OF REACTION 
BET~EN LITHIUM AND FAST ION CONDUCTING LITHIUM BORATE GLASSES 

BY 

~ICHEL W. BARSOUM and HARRY L. TIILLER 
DEPARTMENT OF MATERIALS SCIENCE AND ENGINEERING 

MASSACHUSSETS INSTITUTE OF TECHNOLOGY 
C~~RIDGE, MASS. 02139 

ABSTRACT 

A novel electrochemical method, based on coloumetric titration in 
the double eletrochemical cell Al-LiAl/Glass/Al-LiAl, for the in situ 
determination of the chemical stability domains of solid electrolytes 
was developed. This technique was used to determine, for the first 
time, the stability range and kinetics of reaction of fast Li-ion 
conducting glasses with Li. The glasses used were Li-berate and Li­
chloroborates. The chloroborate glasses were found to react with Li at 
very low activities and form a crystalline reaction layer of 3Li20B2o3• 
The chemical 1~tr~usivity of Li in the reaction layer was found to lie 
about 5 x 10- em /sec at 380•c with an acti vatlon energy of about 0.7 
ev. The power of the method in elucidating the nature and diffusivity 
of the rate limiting species (i.e. ionic or electronic) in the reaction 
layers will be discussed in detail • 
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01\IALE.Nl C.Uf.IL>UCTION IN Pbi,.-F'bO-E<,O,. GLASSES. 

~· .. ~.:_~C:!'_l~w~l.."!.': and W. Eo. Johnson 

~eoartmer1t of Metalluro1cal Enaineer1no 
lhe; Otuo StatE- Un1ve;r·s1ty: Columb'~s,OH 43::t•) 

lhot; 1cric cor.a~~ctl·,..tt"· glasse~ are att.r·act1ve m.?-terJcds 
fat· c.pp 1 1 c =-.ll c .... , as sol1 d state el ectrol y't.es 1 n el ectrochemt cal 
cells. Tn£ at1lity to eas1ly handle the amorpha~s malertals, a 
lowered sen~ttiv1ty to composttJona)_ fluctuation~, and lac~ of 
prefer·red dtr·ectaon of conduction provides advantages ove,.­
c.on"'er.li onc.l sc·l J d electrolyte n-.atert al s. 

The tontc conductivities of divalent ions in supertonic 
glasse~ ha~ not been e::tensively 1nvest1gated. ln thts study 
the Pb•: conduction 1n a ser1es of Pbi,-Pb0-Eoz0 3 glasses is 
evaluated. Conventional melting tehn1ques are employed. 
Samples are prepared by sl1c1ng wafers of the glass formed after 
qL•enchang from the melt and subsequently sputtering gold 
electrodes. lhe comple>: imr1edance has been measured wtth an a.c. 
4-termtnal pair technique at frequ@ncies of 5Hz to 13MHz over a 
te:-T.pe.-atl.•rE' r-ar,qe of :5-SOt.t C. An IEiM personal computer Hi'S 
used for de~~ acp.JtS1 tion.. Act1 vat ton energies for the lead 
dJvt.Jler.t spe'::Jes tHII be reported • 

Fresent studte'E are oriented toward further enhancing the 
condt•c:ttvJt.,· a! well as understa.ndtng the mechanisms and 
r·eJ~tive importance of dlvalent lead tor: transport tn these 
GrliO!. ~·I10l.IS rf•Of er 1 a} S .. 

P25/G-ll 

TII!IUIOKIZCTI.IC POWER II!ASUUMENTS OF SILVER-CONTAIIIIIIC CLASSES 
P. Bean and M. Tomozawa 

Materials Engineering Department 
Rensselaer Polytechnic Institute 

Troy, NY 12180 USA 

Thermoelectric power measurements were made on silver borate glass 
00 Ag20-70820)), "mixed•alkall" silver-sodium borate glass (24Ag20-
6Naz0-70BzOJ) and silver borate glass containing silver iodide (40Agl-
30Ag20-30BzOJ). The last glass is known to be a superionic conducting 
glass. These measurements were made using steady-state thermal gradients 
across the glass specimens with silver electrode• at temperatures between 
75 *nd 225°C in air. The heat of transport of the conducting species 
(Ag for these glasses) was determined from the thermoelectric power data. 

It was found for glasses without silver iodide that thermoelectric 
power was independent of temperature and that the heat of transport was 
approximately zero. On the other hand, for the glass with silver iodide 
thermoelectric power increased with increasing temperature and the heat 
of transport was 3.5 kcal/mole. Thio value is nearly equal to the acti­
vation energy of d.c. conduction. 

It has been suggested that the heat of transport is equal to the 
energy of migration minus the energy of vacancy formation. It ia con· 
eluded from the present measurement that the conduction mode of ailver 
ions in both silver-borate glaaa and oilver-aodium-borate alaaa ia oimilar 
to the vacancy mechanism and no d.ifference in conduction mechaniomo exioto 
between the sinale and the "mixed-alkali" alaueo. On the other hand, 
the conduction mode of the ailver iodide-contalnina al••• ia aimilar to 
the interatitial mechaniam. 
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Ionic Conductivity in Glasses: A Monte Carlo Study of 

Ordered and Disordered One-Dimensional ~dels 

A. Pechenik,* D. H. Whit~ore, H. A. Ratner, s. Sus~n** 
Departments of Materials Science and Engineering 
and Ch~istry and Materials Research Center, 

Northwestern University, Evanston, IL 60201 

s-eucryptite (LizOAlzOJ·2SiOz) is an interesting fast ionic conductor exhib­
iting highly anisotropic ionic conductivity. The ~aterial crystallizes i~ space 
group P6~22. The.conductivity along the c axis is 10l higher than along the a 
axis. This effect arises because Li ions are located in framework channels 
running parallel to the c axls. The channels are defined by alternating Si04 
and Al04 tetrahedra. Thus the ~otion of Li "tons can be modeled as hopping of 
interacting particles on a one-di~ensional lattice with two types of alternating 
inequivalent sites: (1) a deep potential weli near the At and (2) a shallow 
well near St. 

This ~aterial can also be prepared as a glass. In. a co~panion paper at this 
Conference we report on an investigation of ionic conductivity and structure of 
LlAlSL04 glass using co~plex impedance, IR and Ra~n spectroscopy. We found 
that the IR and Raman spectra of the glass can be easily understood on the basis 
of the Continuous Random ~twork (CRN) of Al04 and SL04 tetrahedra connected by 
their vertlcaa, but otherwise distributed in a random fashion. According to the 
charge neutrality requirement, Ll ions are situated in the neighborhood of Al04 
tetrahedra· and can hop from _one such alta to another via a site near Sl04. 

The propoaed mechanism of tonic conductlvity in glaasy S-eucryptlte has been 
tested using a HC simulation technique. In this study only the effect of the 
Si-Al disorder has been considered. Two one-di~nsionsl lattices have been 
investigated: (a) an ordered array of deep and shallow potential vella and (b) 
a disordered array of the same two types of potential wells. Ionic conductivity 
is simulated using a Monte-Carlo procedure in the usual way (11. We calculate 
ln aT vs. 1/T and aT vs, p (p • the ion occupational number on the lattice) 
plots. We observe an intereatlng influence of 51-Al disorder on activation 
energy measured from ln aT va 1/T plot. The activation energy for the disordered 
arrangement of Si-Al ions ts lower than for the ordered one, This result ia in 
agreement with the experimentally-observed increase in activation energy in 
going from glaaay to crystalline 8-eucryptlte, 

We also dlscuas effects of ton-ton correl~tlona in one-dimensional systems 
and give a simple phys~cal interpretation of the charge correlation factor, fc• 

(II G, E. Murch and R. J, Thorn, Phil. Hag. 35 (1977) 493, 

*Dow Che11ical Corp., H1dland, !'II 48640 
**Argonne National Labs., Argonne, IL 60439 
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"Ionic Conduction in Glasses: 

a New Look at the Weak Electrolyte Theory" 

James A. Bruce, Malcolm D. Ingram, Margaret A. MacKenzie 

Department of Chemistry, University of Aberdeen, Aberdeen, Scotland. 

According to the weak electrolyte theory,(!) the strong compo,itional 
dependence of ionic conductivity in Na20-Si02 glasaes, a a(~- 0> , is 
related to changea in the concentration of moDile iona rather 

8
2 

than to changes in ionic mobility. We have examined a highly conducting sodium 
borosilicate glass (4Navo.a2o3 .Ssio2>~2) using the isovalent doping technique of 
Moynihan and Lesikar.<lr The concentration of mobile ions (defecta) 
at lS0°C is actually lees than that of an aluminoailicete glaas of much lover 
conductivity. 

The weak electrolyte theory therefore will have to be modified to take 
account of changes both in ionic mobilities and in the ionic diasocietion 
equilibria. 

(1) D. Ravaine and J.L. Souquat, Phya. Cham. Glaaaes, J! (1977) 27. 

{2) C.C. Hunter and M.D. Ingram, Solid State Ionic•• ~ (1984) 31 • 

(3) C.T. Moynihan and A.V. Lesikar, J. Aa. Car ... Soc., !! (1981) 40. 
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STUDIES ON Agi-Ag 4P2o7 SUPERIONlC CONDUCTING 

GLASS SYSTEM. 

K.A.Murugesamoorthi and S.Radhakrishna 
Department of Physics· 

Indian Institute of Technology 
Madras 600 036. INDIA. 

(Agi) ·{1\g · P o ) (where x ranging from zero and 
five) soli~ el~ctr6lyt~ systems were prepared in the form 
of glass, by quenching the molten mixtures of the compounds 
of the appropriate composition in liquid Nitrogen. Earlier 
the·compourids were taken in thin· waled evacuated glass 
ampoules. The final- glassy compounds were well ground into 
fine powder and stored in dark. The glassy nature of the 
samples were confirmed by the X-ray diffraction. The 
conductivity studies of the glasses were carried out at 
1 KHz on pellets having the electrodes of the mixtures of 
electrolyte and silver powder, 2:1 by weight, in the temp­
P.:ature range 300 K to 365 K. The contact resistances were 
evaluated bymeasuring the resistances at 1KHz for the 
pellets .of different thicknesses. ·The glass with the compo­
sition 4Agi-Ag4P2o7 ·is found to have the maximum conducti­
vity among all the glasses of the system and it is about 
one order higher than that of the polycrystalline sample 
of the same composition. It is·also seen from the conducti­
vity values of all the glasses,and reported polycrystalline 
conductivity values, the conductivity of any glass is higher 
than that of the pol.ycrystalline sample of the same compo­
sition at room temperature.The activation energies of all 
the above glasses were evaluated from the (log~T vs 1000/T) 
curve. The activation energy for the glass of the composi­
tion 4Agi-AgAP2o7 was found to be 1~inimum of all the other 
glasses of tne system, but higher than the corresponcing 
polycrystalline sample. 

When the samples were annealed at 90°C, ·the conducti­
vity was found to decrease gradually with time and reaching 
a constant values after some time. The final value of the 
conductivity is less than that of the polycrystalline sample 
of the same composition. The electronic conductivity of the 
samples were measured by Wagner's technique. The glass of 
the composition 4Agi-Ag4P o7 was found to have minimum 
electronic conductivity a~d it increased with the deviation 
in the composition. 

A solid state cell of the structure (Ag+electrolyte)"/ 
Electrolyte/(C,I 2,Electrolyte have been constructed and 
the discharge characteristics-investigated. 

j 
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THEORETICAL. sruDY C£ THE INFWENCE OF ION-ION JNI'ERAcriON ON INTERCAL.~TION 
KINETICS 

bv : f'. DALARD, ~. D. PEDC:NE 

Labor a to ire d' F.nergetJ.que Electrochimique LA 265 - Cl::llldJ.ne Unvet·sJ.tuu·" 
BP 75 - 38402 - SaJ.nt Hartin d'Heres - France 

The influence of ion-ion interaction hitS been stl.died bv numerJ.C<il stmulutJ.cn 
w1th a constant current cornnand and a linear sweep voltage. This study J.s 
based on Armand's Hodel with .re..Usive interaction (by) 

~H+ a ~H+ + RT ln (...Y..) 1-v 
The following results has been obtained : 

1 - Galvanostatic stl.dy 

+ by 

- The depth of discharqe incr.euse whP.n the interc .. l .. tion cor.stunt b 
increase. A decrease of voltage appears simultaneously. The J.nterca­
lation is easier. 

- The diffusion coefficient obtained with Atlung's curves is greater 
than without interactions. This results explain the difference between 
RMN and Electrochemical determination. 

2 - Voltarnnetric stl.dy 
- An increase of b provoke a decrease of the peak potential and the 

difference between cathodic and anodic peak increase too like in 
litterature data for LixTiS2. 

- The same phenomenon hilS been observed with a decrease cf kinetics 
constants. 

- The stl.dy of the reversibility of interf<~eial process has shewn ., 
great dependance of the curves with surface and deep ir~eractJ.cns. 
We have successively examined the intercalation material : 

- without interactions 
- with null interactions at the interface m<lteri .. •/sLctr:o:-

lyte 
- with same interactions at thP. intiii·f,.ce ..rod in thol ac,pth 

of the m ... teridl 

- with diffet·ent intet·uctior•'l ·>t the il•t•'< l' • .c" ·doO ir• ~hr· 
depth of the material 

If the interfacial interactions increase the peak current decn; ... se 
tut the difference between anodic <>ncf cathodic peuk potenti"l 
decrease. 
All these results has been discussAd in terms of energy shun> .. t 
the interf..ce. 
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ON DIFFUSION HINDERED BY STICKS, SITE PERCOLATION, AND THE MIXED ALKALI EFFECT 

A. Bunde••, H. Harder•, and w. Dieterich+ 

+Fakultat fUr Physik, Universitat Konstanz, Konstanz, W:-Germany 
*center for Polymer Studies and Department of Physics, Boston University,· 
Boston, USA 

By varying the Na/K concentration in Na/1-x- a-alumina the ionic con­
ductivity shows a strong minimum, which becomes more pronounced when the 
temperature is lowered 1. This effect is called Mixed-Alkali-Effect (MAE) 
and appears also in related Alkali-a-alumina mixtures 1 and in glasses with 
low dimensional conducting paths. Recently attention has been called to the· 
possibility that there exists an effective attractive interaction between 
different Alkali ions which may cause the ions to form clusters thus leading 
to a pronounced minimum in the ionic conductivity 2• In this work we consider 
the extreme case of a strong effective attractive interaction, which causes 

·the mobile ions of a different type to form immobile sticks. The current is 
only carried by the excess ions of one type. Using Monte Carlo simulations 
we investigate how the conductivity o is influenced by the presence of the 
sticks. To this end, we consider a square lattice with different concentrat-

. ions of sticks, perform a cluster analysis, and determine numericaily the 
threshold concentration p~s), where the sticks start forming an infinite 
cluster and the threshold concentration p (f) , where the free lattice sites . c . 
stop forming an infinite network. We determine o for small stick concentrat-
ions and around Pc( f) where it drops down and compare the results with the 
experimental situation; 

G.M. Chandrasekhar, L.M. Foster, Solid State Commun. ~ (1978) 269-273· 
J.A. Bruce, M.D. Ingram, Solid State lonics i & 10 (1983) 717-724 

2 A. Suzuki, H. Sato, and R. Kikuchi, Phys. Rev. B ~!· (1984) 3550-3566 
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Strong Correlation Effects on Ionic Hotion In Framework Solid Electrolytes: 

Computer Simulation of Interacting Particles in Periodic Potentials 

Y. Boughaleb and M. A. ~tner 

Department of Chemistry and Materials Research Center 
~orthwestern University, Evanston, IL 60201 

The diffusion of Brownian particles in a periodic medium is a situation that 
can be found ln several physical problems. lf no interparticle interactions are 
included, the model is well understood in all .ranges of the val~es of the 
chancteristic parameters of the problma such as the frlction y. In real 
systems, at finite particle density, .the single particle model ;wst be ext.ended 
to include interactions between part·!de~. 

In the last few yaars ~'-'-Y k1~dG of interaction potential have been studied. 
However, the explicit re~ulta have been found only for certain limiting cases 
such as low potential barriers and high friction. Our purpose is to extend the 
study of the interacting particles to the low friction lisit by using Langevin 
dynamic simulation. We find that for long range interaction, the general 
behavior of the dynamic properties is essentially the same, independent of the 
coupling of the mobile particles to the rigid lattice. 

In this paper, we restrict ouroelves to hard-core interaction 

V(x) • V(~)n n > 2 
X 

and soft-core interaction (n•2) similar co· those used in references [-11 and (21. 

We have calculated the conductivity a( .. ) and the pair correlation function 
for different particle concentration and values of the interaction diameter, b. 

For heavily damped particles, we found good agreement with the analytical 
results of references (21,(31. ln the lov friction limit and for small values 
of the interaction diameter compared to the lattice spacing, the change of the 
shape of the conductivity terms indicate that the forward scattering between 
mobile particles dominates the bounce back effect. In this limit, then, the 
"caterpillar" mechanism occurs freely, and the low-frequency slope of the 
microwave conductivity, which muat be positive for any·hopping nodal, may become 
negative in certain eases. 

(11 A. R. Bishop, w. Dieterich, and 1. Peschel, z. Physik 833, 187 (1979). 
(21 A. Bunde and W. Dieterich, Solid State Communicston, 3~229 (1982) 
(31 H. D. Voll~~~~tr, z. Physik lli• 103 (1979). -
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* FRACTAL DIMENSIONS OF IONIC TRAILS A~D ISOSF.TS IN SUPERIONIC CONDUCTORS 

~. The Studsvik Science Research Laboratory, S-611 82 ~ykDping, Sweden 

P Vashishta and RK Kalia, Argonne National Laboratory, Argonne, IL 60439 

SW de Leeuw, Department of Physics and Astronomy, Michigan State University, 
East Lansing, MI 48824 · 

Although the ions of superionic conductors obey well defined equations of 
motion the rapidly changing environment of each diffusing ion results in its 
followinR a trajectory that, to the microscooic observer, aopears as a random 
walk in space - the ohenomenon of Brownian motion. In the world of fractals, 
the Brownian motion in fluids finds widespread applications ranging from 
studies of coastlines to the occurence of errors in communication systems. 
SurprisinRly enough. the fractal nature of Brownian motion is one of the 
least understood aspects of fluids as well as superionic. conductors: theore­
tical and computer simulation studies hsve stuck to the conventional aooroach 
of characterizing the single particle motion by the constant of self-diffusion. 
However, it has been emphasized recentlv that the fractal dimensionality of 
Brownian motion is also a useful characterization of sin~le-oarticle motion. 
The fractal behavior of Brownian motion has two aspects. one which is1associ­
ated ·wit_h the ionic trajectories and the other with Brownian zerosets • In an 
ionic conductor the length of an iy~c trajectory, L(t), measured in units of 
steo distance. £, scales as L(t>ot.i. where D is the fractal dimension of an 
ionic trajectory. The other fractal asoect of Brownian motion deals with iso­
sets of coordinates of ions, x(t),y(t) or z(t), called Brown functions. The 
isosets consists of instants of time t•s at which a Brown function becomes a 
constant. The socalled Brownian isosets are self-similar in that the carts 
and the whole reduced by similarity have identical-distributions. Associated 
with the gaps between successive values of s is a probability distribution, 
Pr(G>gl, for findina a gao of duration, G, greater than a certain value g, 

which scales as g-ft where ft is the fractal dimension of the Brownian isoset. 

Fractal behavior is observed in the molecular dynamics simulation of ionic 
·motion in super1onic and molten Ag 2s. l~e obtain D-2 and ll-l/2 in agreement 
with Mandelbrot's predictions. The self similarity in the ionic tratectorv 
and Brownian isosets as a function of the length of the ionic trajectories 
and temoerature of the system will also be discussed. 

~ndelbrot JB, The Fractal Geometry of Nature(Freeman, San Francisco,l982) 

* This work supported by the U.S. Department of Energy 
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NETWORK ANALOGUE FOR ONE-DIMENSIONAL SOLID IONIC CONDUCTORS. 

By ~Roth and H. Bijhm, Inatitut fur Mineralosie der Univerai­
tlt MUnater. D-4400 Munater, Correnaatr. 24. 

Impedance plota from aingle cryatals of solid atate ionic con­
ductor• often exhibit feature• which cannot be interpreted by 
standard concepts. 
The common method of representing the electrical propertiei of 
a aample by an equivalent circuit which comprile1 a voltasa 
generator, an ohmic resistor and two capacitora, ia obviou1ly 
not adequate for the majority of aolid ltate ionic conductora. 

In many caaea boundary ~ffect• are reaponaible for the devi­
ation from the expected behaviour. 

The objective of the present investiaation il to outline the 
bulk eff~cia of a sinale crystal which can be responaible for 
the observed anomaliea in the impedance plota. 

Based on a clasaical "hoppina-model" the jump• of overdamped 
charaed particle• between diacrete poaitiona are deacribed by 
a system of coupled linear differential aquationa of. firat 
order (ma•ter equation). 

The analoaue of thia aysteill of differential equation• i1 an 
isomorphic systaa of aquationa describina the current• in an 
electrical network of voltaaa aanaratora, obaic raaiatora and 
capacitora. 
The topoloay of thi1 network ia correlated to that one of tba 
jump diffuaion process in the crystal apace. 
One-dimenaional ainala particle modal• can ba rapre1antad aa 
oimple "ladder networks", wherea1 ona-diaenaional aulti-par­
ticle model• lead to branched networks. 
The values of the network component• can be determined froa 
the static propertiea of the model (e.a. site occupanciea in 
field-free equilibrium, potential barrier heiahta ate.). 

There is an unambisuoul correlation between network componentl 
and microphysical proceases in the cryatal: 
The potential barrier• correapond to the reaiators, the poten­
tial minima to the capacitor• 1nd th~ voltaaa janerator1 
account for the potential chana• induced by the external 
electric fiald. 

The propoaed concept is applied to •inale- •• vall aa aulti­
particle problem•. 

The results of the theoretical inve1tiaation1 of 1uch netvorkl 
are deacribed and they are compared to experimental data. 
In addition, the dependence of tha impedance on variou1 para­
meter• of the model (e.a. concentration of mobile ion1, inter­
action eneray, potential diatribution alona tba diffu1ion patb 
etc.) i1 diacu11ed. 
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Percolation Efliri~nry anti Mix ~d Alkali EfFect 

J.I...B.lli!, 1\.. Wada.', and A. Suzuki 

School of Materials Engin••••ring, Purtlue University, 
West Lafayette, IN 47007 

Earlier, we presented a theoretical model for the mixed alkali effect in glasses and fJ. 
aluminas in terms of the percolation cllicicnry bas<·d on the Path Probability method 
(PPM) of irreversible statistical mechanirsi.Z. We present an improved treatment of 
the percolation efficiency which gives far better agreements with expermental observa.· 
tions. We have shown that the decrease in f1 (the physical correlation factor or the per· 

rolation efficiency), but not in the number or the mobility of the conduction ions, upon 
the addition of second species is the major cause of the mixed alkali elfect. 1

•
2 Because f1 

represents the efficiency of motion of conduction ions for long distances, it is also shown 
that f1 eventually approaches unity and mixed alkali effect practically disappears in the 

high frequency limit. This agrees with expermental observations. However, the results 
or calculation by the original formalism of the PPM have some undesirable features. 

. The decrease in r1 is caused by the correlation of two species of conduction ions through 

their mutual interactions. In the original treatment, the decrease in r1 only occurs by 

the development of the long range order in the distribution or two kinds or ions and the 

decrease is limited to a narrow composition range. Tliese undesirable features have 
been found to be due to an inadequate averaging method utilized in the original PPM. 
In dealing with transport phenomena, the introduction or the instantaneous distribution 
conversion vroccss and the time conV<·rsion prucL'SS to the original PPM has been found 
to be necessary. The result or the introduction or these two conversion processes shows 
that even a minor amount of ftuctuation in the distribution is enough to suppress rl and 

hence in systems with low connective diffusion paths such as in glasses and )1-aluminas, 
the decrease in r1 occurs in a wide composition range. The result of calculation also 

agrees well with the Monte Carlo simulation method. 

1. H. Sato, A. Suzuki and R. Kikuchi, Solid State lonics ll::.l.Q72S (1083). 
2. A. Suzuki, H. Sato and R. Kikuchi, Phys. Rev. B:.!ll. 3SSO (1084). 

"Present address: Physics Department, Faculty or Science, Hokkaido University, Sap­

J-oro, Japan. 
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DEBYE-HUCKEL-TYPE RELAXATIO~ PROCESSES IN SOLID IONIC CONDUCTORS: THE HODEL 

K. FUNKE and I. RIESS * 

lnstitut fur Physikalische Chemie und Elektrochemie der Universitat 
Hannover. Callinstr. 3 - 3A, D-3000 Hannover, Federal Republic of Germany 

* On sabbatical leave from the Technion, Haifa 

We discuss the possibility of adapting the basic idea of the Debye-Huckel­
Onsager-falkenhagen theory to solid electrolytes. In our mathematical 
treatment we abandon the Debye-Huckel continuum-ansatz in favor of a des­
cription of the diffusion dynamics in terms of hopping processes·along dis­
crete lattice sites. Generally, we consider the effect of the Coulomb in­
teraction among the charge carriers on the transport properties. In the 
model, each charged defect experiences the periodic lattice potential plus 
the Coulomb potential due to the distribution of the other defects. After 
an "initial" hop of a charged defect, the defect either hops back again 
into its absolute potential minimum, or the surrounding "defect cloud" 
moves forward, shifting the Coulomb minimum towards the new position of the 
defect. 

Our calculation yields the following results. At high frequencies the mo­
tion of the single charge carrier is decoupled from that of the surrounding 
"defect cloud", resulting in a relatively high conductivity in this limlt. 
At low frequencies, on the other hand, the slower motion of the "defect 
cloud" yields a conductivity which is generally lower than the conductivity 
in the high frequency limit. At sufficiently low temperature we find 

[a(w) - a(O))OC wP with 0 < p < 1 

in a wide range of intermediate frequencies, i.e., we recover the charac­
teristics of the "universal dielectric response" put forward by Jonschet 
in 1977. 

On the basis of our model, we can explain a great number of experimental 
results, including not only a(w) data but also quasielastic neutron-scatter­
ing spectra of solid electrolyte, and the dependence of formal activation 
energies for hopping processes in solids on the concentration of the mobile 
charged defects. 
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PROTONIC CONDUCTION I~ ACCEPTOR-DOPED KTa0 1 CRYSTALS* 

Wing-Kit Lee and A.S. Nowick, Columbia University, New York, N.Y. 10027 
and L.A. Boatner, Oak Ridge National Laboratory, Oak Ridge, TN 37830 

Potassium tantalate crystals, which have the cubic perovskite structure, 
may be doped with transition metal ions (e.g. cu••. Fe 1+ or Ni 1+). These 
dopants substitute for the Ta'+ ions and therefore require charge compensation, 
most probably by oxygen vacancies, v0 . When such crystals are heated in 
water vapor at elevated temperatures (~OO'C), protons are introduced which 
manifest themselves in the form of a sharp IR absorption peak at 3485 c~-l 
when measured at 77K.l This band provides a monitor of the H+ content 
of the crystal after various .treatments. The OH- band can be removed by 
vacuum annealing. Undoped crystals, on the other hand, do not appear to be 
susceptible to the introduction of H+. A simple model for the introduction 
of ~ is the defect reaction: 

v
0 

+ H2 0 (g) -> o0+ 2H+ 

Conductivity measurements (by means of complex impedance measurements) 
were made on several Cu-, Fe- and Ni-doped crystals containing a+. The 
conductivity shows a uniqye activation energy of l.IO t 0.05 eV. Additional 
experiments involve the substitution of deuterium (D+) for ~. A strong 
isotope effect in the conductivity (o~/oH+ ~ 2.5) is observed with a 
small difference in activation enthalpy ~ 0.04 eV. This shows that: 
a) protons are responsible for the'conductivity, and b) that non-classical 
behavior is involved in proton migration. 

The conductivity behavior seems to be similar to that of acc!ptor 
doped SrCe01 which has been 'studied extensively by lwahara et al. The 
latter is a polycrystalline ceramic, however, and so does not permit 
observation of an OHr band. 

Additional information about the defects present in KTaO, both before 
and after the introduction of H+ is ·obtained by means of EPR studies of 
the transition metal ions and by dielectric relaxation studies at low 
temperatures. 

I. H. Engstrom, J.B .. Bates and L.A. Boatner, J. Chem. Phys. 73 (1980) 1073. 

2. H. lwahara et al., Solid State lonics 3/4 (1981) 359; 11 (1983) 117. 

* Research sponsored by the Division of Materials Sciences, U.S. Department 
of Energy under grant DE-FG 02-85 ER 45187 with Columbia University 
and contract DE-AC 05-840R21400 with Hartin Marietta Energy Systems Inc. 
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HIGH TEKPERATUU PROTON CONDOCTORS 
NOTE 1: BORON AND .U.IIKINUK PBOSPII#.'i'l!S" 

E. Kootooeri 
Diparti.eoto di Chiaica 

loduetriale e logegaeria 
Cbiaica del Politecoico 

Pz. L. da Vioci 32 
20I33 Kilaoo, Italy 

aod 

E. Piodl, P •. luleaa aod P. J. Salzaoo 
Depart88ot of Applied Scieoce 

Brookba•eo Katiooal Laboratory 
Uptoo. Rev York 11973-SOOO 

ABSTRACT 

The chemical stability and conductivity of boron and aluminum phosphates 
with P/8 and P/Ai atomic ratios. >I are reported as functions of temperature 
(I00-280"C) and steam pressure (;p to 5 atm). Aluminum phosphates are much 
more stable than the boron analogues. Al(POJ)J and HzAlPJOlo undergo the 
reactions 

Al(P0 3)) +.HzO HzA1P 3o10 ---+ AlPO~t + HzO•P 20 5t. 
-. H20 

At 280"C and PHzo • 5 atm the prod~ct is a mi,ture of AlPO" and HzAlPJOlo 
and the conductivity ia in the IO- ohm- 1 em- range. With boron phoaphatea 
high material loss and poor conductivity are caused by the instability of the 
BPO~ phase, due to the reaction 

2 BPO" + 6 H20-- B20 3•3 H:zOt + Pz0s•3 H20t. 

The results show that because of the occurrence of dehydration or hydrolytic 
reactions, increasing the water vapour pressure doea not always lead to higher 
conductivity and that neutral phosphates may have • key role in relation to 
the stability and conductivity of the solid acid electrolytes. 

*Work performed under the auspices of the u.s. Department of Energy. 
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IIIGII TI:Jlf'ERATU~E TYPE PROTONIC CO~DUCTOH BASED ON SrCeO AND ITS 
APPLICATION TO TilE EXTRACTION OF HYDROGEN GAS 

H .lWAHARA, T .ESAKA, 1!. UCHIDA, T. YA~IAUCIII and K.OGAKJ 
Department of Environmental Chemistry and Technology, 
Faculty of Engineering, Tottori University, 
Koyamacho Tottori 680, JAPAN 

Recently, we found that some s1ntered oxides based on strontium cer1um 
trioxide exhibit appreciable proton conduction in hydrogen-containing 
atmosphere at high temperatures.'> SrCeo,gsYbo.osOJ-a• SrCeo.9sYbo.osOJ-a 
and SrC"Q.9sSco.os0J-a belong to this class of conductors. Attempts to 
apply these oxides as electrolytes for fuel cell, galvanic cell type >·>) 
hydrogen sensor, steam sensor etc. were made by us and reported elsewhere. 
In principle, such a proton conducting solid electrolyte can be used to 
extract hydrogen gas from hydrogen-containing gases or hydrogen compounds. 

In the present study, electrical properties of SrCeo.9sYbo.os0J-a 
ceramic under various atmosphere were investigated, and, using this ceramic 
as a solid electrolyte diaphragm, the extraction of hydrogen from various 
gases were exam1ned. 

Well sintered ceramic of SrCeo.9sYbo,os03-a was stable when one side 
of the ceramic disc was exposed to hydrogen gas and the other to oxygen at 
high temperatures up to 1000°C. In this condition, the conduction was 
mainly protonic and, partially but sl1ghtly, electronic. The electronic 
conduction was clarified to be p-type by investigating the dependence of 
electronic conductivity on oxygen partial pressure. This ceramic was also 
a stable protonic conductor even when both sides of the ceramic disc was 
exposed to hydrogen gas at 800°C. However, appreciable n-type electronic 
conduction was observed at 900°C, although reduction of the oxide was not 
so remarkable in the case of wet hydrogen. 

Using a thin disc of SrCeo.95Ybo.os03-a ceramic as a solid electrolyte 
diaphragm and porous platinum as an electrode material, electrochemical 
hydrogen extractor was constructed by way of experiment. On introducing 
CO+H20 mixed gas into anode compartment and on sending a direct current to 
the ceramic disc, hydrogen could be obtained at the cathode compartment of 
the extractor at 800-900°C. Hydrogen extraction rate was close to the 
theoretical value calculated from the amount of electricity. We could 
also extract hydrogen from thermal cracking gases of ethane, alcohol and 
hydrogen sulfide. 

As previously reported, we could electrolyze water vapor using this 
type of sol·id electro! yte. s) In the present experiment, a bench-scale steam 
electrolyzer was fabricated and pure hydrogen gas could be extracted in a 
rate of a few 1/hr. The purity of hydrogen gas thus obtained was higher 
than 99% and the partial pressure of water vapor in the gas was less than 
0.3 Torr. 

[Reference] 
I) H.Iwahara, T.Esaka, H.Uchida and N.Maeda, Solid State Ionics, 3/4, 

359(1981) -
2) H.lwahara, H.Uchida and S.Tanaka, Solid State Ionics, 9, 1091(1983) 
3) H. Iwahara and H. Uchida, Proc. Intern. Meet. Chemical s;nsors, 1983 

F'ukuoka p227 
4) H.lwahara, H.Uchida and J.Kondo, J. Appl. Electrochem., !l. 365(1983) 
5) H.lwahara, H.Uchida and N.Maeda, J. Power Sources, 2. 293(1982) 

Pll/PC-4 

PROTON TRANSPORT IN AMMONIUM PARA TUNGSTATE (NH4l 10w 12o41 .5H 20 

S.K. Tolpadi, S. Chandra and S.A. Hashmi 
Physics Department, Banaras Hindu University, Varanasi-221005, India 

The possibility of Ammonium paratungstate (NH4l 10w12o41 .5H 20 as an efficient 

proton conductor has been explored. Coulometry, Infra Red Spectra, temperature 
and frequency dependence of the electrical conductivity of the above materials 
have been studied. The results of the above investigations are summarised below. 

(i) Direct D.C. electrolysis or coulometry was performed in a specially designed 
coulometer in which the volume of gases evolved at the electrodes could 
be measured by the movement of mercury column in a micropipette. This 

experiment suggests that about 7096 of the charge is transported by H+ ions 
or the proton transference number is about 0.7. 

(ii) On electrolysis it has been found that the sample surface near the anode 
was blackened suggesting an electrode charge transfer reaction. There was 
a little blackening at the cathode also. 

(iii) The I.R. spectrum of the sample near the cathode and the anode ends were 
recorded after electrolysis along with the original sample. It !las been found 
that due to the proton transpsort there is (a) a decrease in the relative intensity 

of NH~ and H
2
0 at the anode side (b) an increase in the relative in.tensity 

of NH
4
+ and H

2
0 bands on the cathode side and (c) the appearance of a ·b.road 

band around 1.060 em -l on the cathode side .which is possibly due to enhanced 
librational motion of W -0 of tungstate group. 

(iv) Temperature variation of the electrical conductivity has been studied in the 
frequency range (IOO Hz - 100 KHz). The result has been interpreted in 
terms of thermally activated motion accompanied possibly· by structural phase 
transition. · 

, A detailed analysis of the above resuslts suggests that for charge tra(lsport, 
protons are contributed both by NHt and H2o structural groups in the sample. . 
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ELECTRICAL CONDUCTIVITY OF HTaW0 6 · H20 AND HTaW0
6

. 

C.H. Hari, F. Bonino, H. Catti, R. Pasinetti, S. Pizzini 

Dipartimento di Cbimica Fisica ed .Elettrochimica, Universita 
degli Studi, Via C. Golgi 19, 20133 MILANO - ITALY 

The NHR technique bas been used to invest!fate the motion 
of hydrogen ions in HTawo 6 · H20 and HTawo

6 
,2l. 

The results suggest that these compounds are fair hydrogen­
ion conductors in which individual protons are the only specie 
responsible for the conduction process. Aim df the paper is to 
present the electrical conductivity measurements carried out 
on such materials and to compare the activation energies for 
chc conduction processes as w~ll as tlte difCusiun coeffici~nt 
with those obtained by NHR technique. 

References 

[1] M.A. Butler, R.H. Biefeld, Pbys. Rev. B !!• 5455 (1979). 

[2] R.H. Biefeld, M.A. Butler, L.J. Azevedo, Solid State Comm. 
l!· 1125 (1981). 
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SPECTROSCOPIC STUDIES OF THE FAST PROTON 

CONDUCTOR LITHIUM HYDRAZINIUH SULFATE 

Scott H. Brown and Roger Frech 
Department of Chemistry 
University of Oklahoma 

Noraan, OK. 73019 

Lithium bydrazinium sulfate, LiN2HsS04, crystallizes in the ortbo~ 
rhombic space group Pna21 (C~v> (l) and has been shown to be a proton 
conductor (2). At room temperature, the de conductivity vas found to be 
very anisotropic with the direction of higheet conductivity along the 
c-axia. 

In an effort to better understand the mechanism of proton transport 
in solid LiN2H5so4 a series of spectroscopic studies have been initiated. 
First in this series was an analysis of .the polarized Raman spectra of 
LiN2H5so4 single crystals at room temperature. The Raman spectra of the 
deuterated analog were also obtained and used in making normal mode 
assignments. Although the N-H stretching modes are expected to be broad 
due to the extensive hydrogen bonding in this crystal, there ia e very 
sharp and intense N-H stretching mode at llll cm-1. 

In addition, a preliminary temperature-dependent Raman studv 
indicates interesting band shape and bandwidth changes as a function of 
temperature. Anomolouf intensity behavior baa been noted in a low 
frequency mode (52 em- ) in the temperature ranae 300K-20K in which tba 
intensity of the mode dramatically increases with increasing·temperaturs. 
The implications of all these spectroscopic observations are discussed 
in terms of current theories of proton transport in solids. 

1. K. R. Anderson end I. D. Brown, Acta. Cryst. !12• 831 (1974). 

2~ J. Vanderkooy, J. D. Cuthbert and B. E. P•tch, Can. J. Phys. 42, 1871 
(1964). -
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MECHANISM OF PROTON TRANSPORT IN HUP (HU02P04-4H20) 

B. K. Sen and S. Sen 
Department of Chemistry 

University College of Science 
700 009 Calcutta 

India 

HUP (and HUAs) has recently attracted the attention of both 
physicists and chemists as an intrinsic proton conductor. The 
mechanism of proton transport in this is a process which is very 
little understood. The position of uranyl and phosphate ions and the 
orientation of the water-squares in a layered structure of HUP is 
known from its crystal structure studies. Neutron diffraction data do 
not precisely locate the position of the protons in the structure, 
<~lthough they adequately indicate the dynamics of the protons in 
the crystal. These findings severely restrict the applicability of the 
idaa of movement of a "vehicle" like H30 +. Certain other 
mechanisms involving "proton jumps" and water reorientation have 
been proposed for proton transfer in HUP. However, in all these 
interpretations, the role of phosphate (or arsenate) ions in aiding the 
proton transport has been overlooked, and all investigators have so 
far concentrated solely on the motion of protons through the water 
network. The phosphate groups are joined to the water network 
and each square contains on an average one vacant orbital 
containing a lone pair of electrons on an oxygen atom. This vacant 
orbital can accommodate a proton from an adjacent in-square 
member according to the mechanism proposed by us earlier. The 
transfer of a proton from one water square to another might take 
place through the participation of the .. -electron cloud of the 
phosphate group. (The same mechanism can explain the transfer of 
a proton in a KDP crystal.) The mechanism of the intra-square and 
inter-square "proton jumps" has been explained by the application 
of the idea of .. -proton bonds. The drastic reduction in the value of 
proton conductivity in NH4U02P04-3H20 is easily explained by the 
fact that no free lone pair of electrons on the oxygen or nitrogen 
atoms forming the square are available. There is thus no vacancy 
which can accept a proton and allow for the transport process to 
occur. 
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POTENTIOMETRIC MEASUREMENTS Of IONIC MOBILITIES IN PEO-LiX CCMPLEXES 

A. OOURIDAH, F. DALARD, D. DEROO, M. ARMAND 

Lahoratoire d'Energetique Electrochimique - LA 265 

BP 75 - 38402 - SAINT MARTIN D'HERES - FRANCE 

We report en electrochemical method to determine the cationic transport 
number and the salt diffusion coefficient in PEO-W.X complexes. This 
method is baSed on the E.M.F. measurements of galvanic cells of the follo­
wirq type : 

Li/P(EO)m-W.X/ P(EX>l~-W.X/W. (m<n) 

The two halt cells are initially separated. After contact is made at t=O, 
the E.M.F. is recorded. · 
The recorded E.M.F. at t=O is equal to the junction potential between the 
two merging electrolytes and is expressed by : 

m 

E 2 - 2 ~ In tx- dLna· :t 

The anionic transference number assumed irdependent from activity, can be 
calculated, provided that the respective salt mean activities are known. 
At t >0, as W.X diffuses until equilibrium the potential decreases. 
DL:iX ~s then determined 1:7( fittirq the experimental potential versus time 
depenaence with simulated curves for various t'UK values. 

We have investigated· complexes with x-s I-,·clo
4
-, cr

3
50

3
- a~ 90"C. 

It is kncwnthat these materials exhibit several phases. Based oo the 
p.iblished phases diaqramm ( l, 2) we have selected a concentration range. 
in which the electrolytes are fully amorphous at 90" : the ratio 0/Li 
are respectively 8 to 120 for Lii and LiCl04 and 30 to 120 for w.cr3so3·• 

The mean activity was estimated from cell E.M.F. with the foi.loWirq· "anion 
specific electrcxles : /q-/qi/Lii and a redox polymer electrode/LiCl0

4 and/ LiCF 
3
50

3
• · 

From our results it appears that : 

- l:w.+ is close to 0. 5 in each complexes. 

- LiCF 3503 diffuses much more rapidly than either Lii or LiCl0
4

• 

(l) -C. BERTHIER, W. OORECKI, M. MINIER, M.B. ARMAND, J.M. OIABAGIO 
and P. RIGAUD, Solid State Ionics 11, (1983), 91 

( 2) - C. ROBITAILLE, D. FA!Jl'EUX, to be ~lblished i.n J. Electrochem. 
soc •• (19851 

•\ 
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PREPARATION AND PROPERTIES OP PEO COMPLEXES 

OP DIVALENT CATION SALTS 

L. L. Yang, R. Hug, G. C. Farrington 

Department of materials Science 

University of Pennsylvania 

3231 Walnut Street, Philadelphia, PA 19104 

We have prepared several polyethylene oxide (PEOI composi­

tions with Hgcl 2 , PbCl 2, and several other salts of divalent 
cations. · Hgcl 2 compositions ~ere prepared over a range, HgC1 2 
(PEOI 4 to HgC1 2(PEOI 24 • Similar compositions were prepared with 
PbCl 2 • 

osc ~nd x-ray diffraction studies of the HgC1 2-PEO films 
show no evidence of f~ee Mgcl 2 and suggest that PEO and Mgcl 2 
do indeed form well-defined complexes and not simply mixtures 
of salt and polymer. 

Conductivity measurements were made using complex ac 

impedance analysis. Samples of the divalent halide films were 
compared with a sample of a standard film of LiCP 3so3(PEOI 9 and 
with a film of pure PEO. Of the family of HgC1 2compositions, 

the best~conductor ~as Hgcl3(PEOJ 16 which had a conductivity of 

about 10 10 !ohm-cml 1 at 30 ~· about an order of magnitude less 
than the LiCP 3so3 complex. 
HgCl 2 complex at l00°C was 
complex. 

However, the conductivity of ·the 

comparable to th.at of the LiCF 3so3 

This paper discusses the preparation, physical charac­
teristics, and conductivity of these interesting divalent 
cation salt complexes of polyethylene oxide. 
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:IHR, DSC, and Conductivity study of a poly(ethylene oxide) 
co:;!;;lex elec<;rolyte: PEO(LiC10 4 )~ 

i·i. Gorecki, R. Andrcani, C. Berthier 
Laboratoire de Spectometrie -Physique, U.S.H.Grenoble,BP 87 
38402 Saint-Hartin d'fieres, France · 

i-1. Armand, 
LEE-ENSEEGrenoble, B.P. 75 38402 Saint-i·1artin d'Here:~, France 

H. t·\ali, J. Roes, and D. Brinkmann 
Physics Institute, Univers1ty of Zurich, 8001 Zurich, 
Switzerland 

It is now well ~nown that the alkali metal salts ~olyethylene 
oxide adduct~ are among the best potentialities as future aolid 
electrolytes for· advanced batteries( 1,2). Recently, we have 
discussed the ionic coriductivity mechanism in those systems_ 
which present phase di agramm analogous to PEO( LiC F ,so,) JC, which 
are inhomogeneous systems over a wide range of tenfpef'ature.(3) 

In this paper, we concentrate on the PEO(LiCl0 4)A system, 
which exhibits several peculiar features: 
-First, the eAistence of two crystalline phases of distinct 

sto1chior.tetry x- 1 =3 and 6, with respective melting temperature 
of ~20 K and about 345 K can be inferred from our DSC and !H1R 
~easurements and has been confirmed by structural measurements 
fror.~ Robitaille et al (4). 
-Second, the very slow kinetics of crystallization ~f the 

stoichiometric complexes.allows their study in a wide tempera­
ture range where the system stays as a fully homogeneous melt. 

Determination of the self-diffusion coefficient by the 
pulsed field eradient tec~nique(5) has been performed in 
samples of concentration,.- :6, 8, 20. Conductivity and DSC 
measurements are currently in progress in samples issued from 
the same membranes, as well as spin-lattice relaxation of 
llthium, chlorine, and proton. 
Preliminary cor.~parison with conductivity measurements availab­
le in the literature (2,41 leads to cationic transport number 
of 0.3-0.5. This contrasts strongly with the behaviour of 
PEO(LiCF 3 so~)~ . For this compound, when comparing the 
diffusion coet flc'ient determined from ilHR {6) and the conducti­
vity data (3), one observes that about a quarter of the ions 
are really participating to the conductivity and that ions 
pairs are also mobile. 

~EFERENC ES 
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POLniERIC ELECTROLYTES BASED ON POLY(ETIIYLENE IMINE) AND LITHIUM SALTS* 

C. K. Chiang, G. T. Davis and C. A. Harding 
Polymers Division 

National Bureau or Standards 
Gaithersburg, Ill 20899 

T. Takahashi 
~, Ube Industries 

Tokyo, Japan 
I 

\ 
Linear poly(ethylene imine) has been shown to dissolve sodium 

iodide with a loss of crystallinity up to a molar ratio or salt to 
polymer of 0.15. Between 0.15 and 0.3 mole ratio, a high-:nelting 
crystal phase involving the polymer and the salt removes Nai from 
solution. The behavior of lithillll salts (LiF, LiCt, LiBr, LU, LiSCN, 
LiC104, L1BF4, and L1CF,so3J in linear PEI has been examined because of 
their importance in batrert applications. All of these salts dissolved 
in the polymer as evidenced by a decrease in the heat of ruston (DSC) 
and an increase in the glass transition or the polymer. The trirlate 
(CF,so,-J salt caused the greatest reduction in <rystallinity following 
evapol"ation of the common sol vent used in preparing the mixtures. 
However, once melted and then cooled, many or the mixtures remained in 
the amor!Xtous state •. No evidence for a <rystalline complex between the 
linear PEI and these litil.llll salts was observed, The de oonductivity or 
mixtures containing 0.1 ~les or LiBF4 or LiC1 4 per mole or polymer was 
on ~e order or 1 x 1 o- S/cm at room temperature but increased to 1 x 
10- .S/cm at 150"C. The polymer prepared so tar is or rather low 
molecular weight (-2000) and exhibits poor mechanical properties at 
elevated temperatures. 

*work supported t'n part by Office or Naval Research 
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A Pulsed Field cradient NHR Study of Cation and Anion Diffusion 
in the Amorphous Phase of the Polymer Electrolyte CPEOl 8LicF 3so 3 

sankar Bhattacharja, s. w. smoot and D. H. Whitmore 
Department of Haterials Science and En9ineerin9 

Northwestern UniversitY 
Evanston, Illinois 60201 

u~ 

Abstract 

Pulsed field 9radient CPFC) NHR measurements of the cation 

and anion diffusion coefficients, D'Li and Daoy• are reported for 

the amorphous phase of the poly(ethylene> oxide-lithium triflate 

[(P£0>
8 

- LicF
3
so

3
J complex in the temperature ran9e 428-448K. 

These diffusion data, which allow unambi9uous deteraination of 

the cation (t+> and anion (t_l transference nuabers for this 

amorphous electrolyte, show that both kinds of ions are mobile 

in the amorphous complex. with t+ ran9in9 from 0.34 at 428~ to 

o.41 at 448~. We also report some a.c. conductivity results on 

the same amorphous complex, alon9 with some self-diffusion 

coefficients for PEO obtained by monitorin9 its prot~n diffusion 

behavior by the PFC method. These latter observations are dis­

cussed in the li9ht of predictions about polymer self-diffusion 

behavior based on the well-kn.own de cannes reptatlon model of a 

polymer chain. 
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THIN FILM SOLID STATE POLYMER ELECTROLYTES CONTAINING SILVER AND COPPER 
IONS AS CHARGE CARRIERS . 

Teresa Abrantes, Luis Alcacer and Cesar Sequeira 

Departamento de Quimica, Institute Superior Tecnico, 
Av. Rovisco Pais, 1096 Lisboa Codex, Portugal 

~ 

The domains or redox stability and the ionic conductivities were 
determined for solid state thin films based on polymer complex salts 
containing silver and copper ions as charge carriers. · 

Polyethylene oxide (PEO) and similar polymers were complexed in various 
proportions with simple silver and copper salts and solid state thin 
films were prepared using solution casting techniques. The 
electrochemical behaviour, including the domains or redox stability, 
was determined by cyclic voltammetry in cell systems of the type 
Pt/PEO:M+x-/Pt. The ionic conductivities were measured by standard 
methods. · 

These polymer electrolytes were also combined with several electrodes 
such as conducting polymers (polypyrrole and polyanlline), insertion 
compounds such as v6o1,, composite materials such as MnO mixed with 
carbOn black in a polym!r matrix, and appropriate metals in systems of 
the type M/PEO:M+X-/M' where M' is one of the above mentioned electrode 
materials. Some preliminary results·on these systems with view to 
their performance applications in solid state electrochemical devices 
will be presented. 
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CHEMICAL MODIFICATION OF POLY(ETHYLENE IMINE) FOR POLYMERIC EL£CTROLYTE 

Toru Takahashi 
Ube Industries 
Tokyo, Japan 

.G. T. Davis, c. K. Chiang and C. A. Harding 
l Polymers Division 

National Bureau of Standards 
Gaithersburg, MD 20899 USA 

Sodium iodide can be dissolved in linear poly(ethylene-iminel, 
PEI, up to mole ratios of salt to polymer or about 0.15. DC 
conductivities as large as 3 x 1 o-4 S/cm at 1 OOOC have been measured. 
At higher concentrations of salt, a high melting complex crystal phase 
involving PEI and Nai is formed and de conductivity is greatly reduced. 
The linear PEI has been chemically modified in an attempt to prevent 
formation of the crystalline complex without altering its ability to 
dissolve salts and conduct ions. Three main systans were investigated: 
(a) poly(N-acetyl-ethyleneimine), (b) partially quaternized PEI with 
ethyl or butyl groups, and (c) PEI lightly cross-linked. with 
diepoxYoctane. Dissolution of salt was followed by x-ray diffraction on 
the mixtures and changes in T as determined by DSC. In all cases, the 
crystallinity was destroyed b6t conducti vtty or salt-containing polymer 
was not improved. 

• Work supported in part by ornce of Naval Reserch 
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Interfa~e between Cosintered (U,M)Oz x 
Electrodes and Yttria Zirconia Electrofyte 

S.P.S. Badwal and F.T. Clacchi 
CSIRO, .Dtvtslon of Materials Science 

Advanced Materials Laboratory 
P.O. Box 4331, Melbourne 

Vic., Australia 3001 

O.K. Sood 
Microelectronics Technology Centre 

RMIT, Me 1 bourne 
Vic., Australia 3000 

Solid state electrochemical cells have been prepared by cosintering 
prereacted electrode and electrolyte materials together. The electrodes 
under Investigation are the nonstolchlometric oxides of the general 
formula (U,M)Oztx (M•Sc,Y). The electrolyte 1s an oxygen ion conductor. 
Both the electrode and the electrolyte phases have the fluorite 
structure. The techniques used for characterisation of the cosintered 
sa~p1es were x-r!y diffraction, Ruthe~ford back scattering, scanning 
electron microscopy - EDAX and optical microscopy. The electrochemical 
behaviour was studied by impedance spectroscopy and galvanostatic current 
interruption method. ·For M•Sc, an intermediate phase which also has the 
fluorite structure Is formed and is responsible for·the strong bonding of 
the electrode layer to the electrolyte. The thickness of the Intermediate 
phase was about 2-3 um. For M•Y, no evidence for the formation of such a 

·phase was found and the adhesion of the electrode to electrolyte·was 
poor. Considerable loss of uranium, which In some cases led to 
destabilization of the fluorite phase, was observed from the surface of 
the electrode layers. The thickness of the uranium depletion zone 
extended to a depth of about 1.5 ~m. The charge transport across the 
unified (U,Sc)Oztxlyttrla stabilized zirconia interface is slow and 
appears to be diffusion controlled. The presence of the Intermediate 

layer in the case of urania-scandia solid solutions is detrimental to the 
electrochemical behaviour. 

?23/I-2 

OXYGEN SURFACE EXCHANGE AND DIFFUSION 
IN FAST tONIC CONDUCTORS 

J.A. Kilner. A.E. McHale and B.C.H. Steele 
Wolfson Unit lor Solid State tonica 
Imperial Collage. London SW7 2BP J.L.!L 

M. van Hamert and A. J. Burggraal 
Laboratory ot Inorganic Chemistry and Materials Science 

Twanta University of Technology 
P. 0. Box 217. 7 500 AE Enachada. The Netherlands. 

A significant and largely unexplored phenomenon In the performance of 
oxides used In electrochemical devtcaa 111 t.ha gas/solid exchange mechanism 
operative at the oxide surface In a variety of operating conditions. The rata of 
exchange of oxygen between the gall phaaa and the aurfaca of an electrolyte 
can be the rata limiting step in the performance of atactrodaa tor various 
electrochemical davtcaa constructed using solid oxide atactrotytaa and Ia also a 
significant factor In the performance of new atactrocatalytlc compounds. 

In an effort to undar11tand the fundamental phenomena Involved In the 
surface exchange of oxygen. we have studied the rata of exchange of 111otoptc 
18o with the surface of several Important oxide atactrolytaa Including ZrCYl02-x• 
cB11-xErx1203. cB11-xYxl203 and pyrocllloraa In the llyatam Nd2Zr207 -
Nd2Ca207. Maa11uramants on both alngta crystala and potycryatalllna metartala 
-r• performed when possible. 

For the maasuramanta. single cryatal and/or polycryatalllna apaclmana ware 
heated In an 1Bo-anrtchad atmoaphara. The penetration profllaa of the the 
tracer 18o ware than datarmtnact ualng a high aanalttvlty dynamic SIMS 
technique. A typical profile obtained for a aampla of Nd2Ca207 Ia all-n In 
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Fig. cU. Anetyala of the 
maaauract penetration profile 
ytald value• of D. the 11alf 
dlffUIIIOn coefficient. and K. lila 
surface exchange coefficient. for 
each 11paclman. In·. all caaaa 
studied. the exchange of . oxygen 
between the gaa phase and the 
11olld Ia limited by the rata of 
surface exchange and not the 
diffusion coefficient of oxygen. 

The raaulta of lhasa 
·analysla will be dlacuaaad with 
ralaranca · to the known "bulk" 
defect chamlatry of the 

4 compounda. contraatlng the 
behavior of the different 

DEPTH <mtor-one) electrolyte types. and with 
F tg. 1. E><par-1 mant.ol SIMS dot. c. reference to tendency of these 

materials to exhibit surface 
segregation of one component. For example. preliminary rasulta In doped 
bismuth oxide Indicate a high surface exchange rata relative to zirconia. 
perhaps related to the different surface chemistries ot these matarlala ·as wall 
as their electronic structure. Results of limited experiments on the affects ot 
applied bias on the rate at oxygen exchange will also be discussed In 
reference to probable attact11 on surface detects and 11agragat1on. 
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ELECTROCATALYTIC HECHAIIISMS IN THE OXIOATIOII OF 
CO ON A SCANDIA STABILIZED ZIRCONIA 

ELECTROLYTE SURFACE 

Bang C. Nguyen and 0a¥id H. Mdson 
Department of Chemical Engineering 

Stanford University 
Stanford, California 94305 

A general survey of the ~lectrocatolytic bena•ior of tne follow>ng 
indi¥idual hydrocarbons: ~ 2 • CQ, CH 4, CH 10H and c,H~OH as well as o2 in 
the temperature range 700 ·850 C hoS be~n made. Scandia stabilized 
zirconia of composition 7·10 mole1 Sc 0 in the form a disc was used as 
the electrolyte. Engelhard Au and Pt 6o~tes were employeo as electrodes. 
The fuel cell was operated in a differential mode. Two very interesting 
results have emerged from this invest1gat1on. First, it is found that th~ 
electrocatalytic reactivity of each of the above hydrocarbon compounds and 
0 is •ery similar whether porous Au or Pt electrodes were usea; thougn 
t~e ordinary non-electrochemical catalytic activities and chemisorption 
characteristics of these metals are widely different. An analysis of the 
dota in tne low overpotential reg1on yields activation energies for tne 
anodic oxidation of the above hydrocarbons which is independent of the 
nature of the metal electrode {ranging from 2G kcal/mole for c2 H~OH to 30 
kcal/mole for CO). It has also been found tnat tne a, catnoaic reaction 
has an act1Vation energy of obout 31 kcal/mole. for bDth Au and Pt . .The 
second interesting feature of the current overpotential data is the fact 
tnat tnere is a •ery large enhancement in tne electrode reaction rates 
when the electrolyte is in a blackened state. These results indicate that 
the major mechanistic steps of the electrooe reactions at both the cathooe 
and anode involve sites on the electrolyte surface rather than the metal 
electrooe surface. 
A more detailed mechanistic .study was performeD employing CO/C02 mixtures. 
Tne o•erall reaction can be written as: 

CO(g) + u~{Zr02 ) ----···> COz{gj + Ze{Pt) • V~{Zr02 ) [1) 

where 0~ is an oxygen ion in the electrolyte and v·· is an oxygen vacancy. 
Information regarding the mechanism of the above r9action can be obtained 
by examining the dependence of the exchange current density 1

0 
on the 

ratio of the partial pressures of CO and C02 and temperature. A possible 
reaction sequence involvlng the electrolyte surface assumes that the 
electrons found in the immediate vicinity of the gas/electrode/electrolyte 
three-phase boundary are capable of aiffusinQ to the reaction sites on t~e 
electrolyte surface, probably surface oxygen vacancies, to form neutral 
oxygen •acancies {F centers). EviJence supporting this type of surface 
electronic conductivity comes from TEH analysis of the blackened 
electrolyte specimens which re•eals the existence of a surface zirconia 
suboxide which is intrinsicallly electronically conducting. The induced 
electronic conductivity is not 3 bulk effect but is restricted to the 
electrolyte surface. These neutral vacancies then react with CO to give 
co,. Tne abo•e reaction m~chan>sm along w1tn s~veral otner alternatives 
ar~ currently being exam1ned in oraer to arr1;e at tne best detdileo 
description of the anodic and cathodic electrode reactions. 
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CYCLIC VOLTAMMETRY AT METAL-ZIRCONIA ELECTROLYTE INTERFACE 

by 

D. GOZZI, L. PETRUCCI and M·. TOMELLINI 

Dipartimento di Chimica, Universita' di Roma "La Sapienza" 
P.le Aldo Moro 5, 00185 ROMA-ITALY 

In some recent papers (1-3) were shown the results of several 
experiments concerning the oxidation kinetics of nickel at ·high 
'temperatures and low oxygen pressures through zirconia electrolyte cells. 
In those experiments the metal under study was the working electrode of a 
zirconia electrolyte cell subjected to galvanostatic steps producing oxygen 
at. the metal-electrolyte interface. 
A model, based on the C. Wagner theory modified for the presence of an 
electric field according to Kroger, was proposed for explaining the 
associated chronopotentiometric curve. 
The analysis of such curves allowed to derive all the kinetic parameters of 
the tarnishing reaction of nickel as described in the above mentioned 
papers. 
In order to obtain a more complete understanding of the phenomena occuring 
at that interface some cyclic voltammetriea were kept between successive 
galvanostatic steps. 
As elsewhere described (3), the experiments can be carried out in a high 
vacuum furnace and· the pressure recording during the cell operation gives 
an independent way to study what happens when the current flows through the 
cell both in galvanostatic and potentioatatic mode. 
In fact, as well known, in a zirconia cell, oxygen can be produced at one 
of the interfaces, accordingly to the polarity, and its flow-rate ia 
proportional to the current density. 
Some cyclic voltammetriea coupled with pressure recordings will be shown·as 
a function of temperature in the range between 760 and 1150 C for different 
specimens of nickel. 
Voltammetric curves will be explained throuah a model based on the 
oxidation or nickel the kinetics of which affects the capacity or the 
double layer located at the Metal/Electrolyte interface. 

REFERENCES 

1. D. Gozzi- High Temperature Kinetics of Metal-Oxygen Reactions by Solid 
Oxide Electrolyte Cells: an Applications to Nickel- MATERIALS CHEMISTRY AND 
PHYSICS, 8 (1983) 502-530 
2. D. Gozzi-Kinetic of Metal-Oxygen Reaction by Solid Oxide Electrolyte 
Cells- SOLID STATE IONICS, ld (1984) 239-245 
3. D. Gozzi and G. De Maria -High Temperature Kinetics of Nickel-Oxygen 
Reaction by Ceramic Electrolyte Cells - HIGH TEMPERATURE SCIENCE, in press 
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IMPEDANCE OF METAL-SOLID ELECTROLYTE INTERFACES! 

J • B. Rates and .J. C. Wang 

Solid State Division, Oak Ridge National Labo~atory 
Oak Ridge, Tennessee 37831 

The impedance of metAl/solid electrolyte/metal cells can ofte~ be represented 
by Z(~) : R + A(jw)- over several decades of frequency within the range from 
-10" to -10s Hz, where R is the bulk hesistance of the electrolyte, A is.a 
constant, and O<n<1. The term A(jw)- has been called a constant phase angle 
element,2 a universal capacitor,l or, more recently, a d-fractance.~ With D: 
Asin(nw/2), the im~dance can be e•pressed as Z(w) : R + ncot(nw/2)/wn -
jO/wn, where j: r:r. The characteristic property of a cell whose contacts 
behave as a universal capacitor is the frequency-dependent real part of Z 
which is proportional to w-n. 

Two-point and four-point impedance measurements were made on sever a 1 kinds of 
a-alum1na, 8"-alumina, and zirconia cells ov.er the frequency range from 0.1 to 
107 Hz and at temperatures above and below 30D K. The texture of the electro­
. lyte surfaces onto which metal contacts were sputtered .var.ied from "rough" 
with features as large as lD 1J111 to "smooth" with features smaller that 0,5 IJill. 
For all of the cells investigated, the two-point and four-point data show that 
the frequency dependence of Re(Z) is due to the metal-electrolyte interface 
and not to a bulk effect of the electrolyte.s The value of the parameter n 
depends on surface texture and, forB· and B"-alumina, is a strong function of 
temperature. At 300 K, n increases as the interface becomes smoother, but 
always remains less than one. The value of n decreases from -D.9 at 3DO K to 
-0.6 at 670 K but remains nearly constant below 3_00 K. 

The impedance function A(jw)-n has recently been derived from a fractal model 
of a rough interface,6 In this model, n is directly related to the fractal 
dimension of the interface. An alternative mode17 based on a distribution of 
pores of different sizes and shapes at the interface can account qualitatively 
for the temperature dependence of n, and the calculated impedance matches clo­
sely the experimental data over a wide frequency range. 

1. Reseuch ·sponsored by the Division of Materials Sciences, U.S. Department 
of_Energy under contract DE-AC05-840R2140D with Martin Marietta Energy 
Systems, Inc. 

2. P. H. Bottelberghs and G. H. J. Broers, J. Electroanal. Chern. 67, 155 
(1976). -

3. A. K. Jonscher, Dielectric Relaxation in Solids, (Chelsea Dielectrics 
·Press, London, 1983), p. 91. 

4. A. L. Le Mehaute and G. Crepy, Solid State Ionics 9.\10, 17 (l9B3). 
5, D.P. Almond, A. R. West, and R. J. Grant, Solid State C011111un. 44, 1277 

(1982). -
6. s. H. Liu, "A Fractal Hodel for Charge Diffusion Across a Rough IntP.rface," 

Phys. Rev. Lett. (in press) 1984. 
7. J. C. Wang and J. B. Bates, "Hodel for the Interfacial Impedance Between a 

Solid Electrolyte and a Metal F.lectrode," this conference. 
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THE LITHIUM-POLYMER ELECTROLYTE INTERFACE 

F.Bonino and B.Scrosati 

Dipartimento di Chimica, University of Rome 'La Sapienza', 

Piazzale A.Moro S, 00185 Rome, Italy. 

The bulk properties of polymer electrolytes based on the 

combination of poly(ethylene oxide) with lithium salts, have 

been extensively studied(!) and these electrolytes are currently 

proposed for the development of high energy, rechargeable 

batteries(2,3) • 

However, relatively few studies have been so far reported 

on the characteristics and properties of the electrochemical 

processes at the ele.ctrode-poly•er electrolyte interface. 

On the other hand, the evaluation of these processes is 

of importance for the deter•ination of the effective cyclability 

of the polymer batteries. 

In this paper we report preliminary results. of an investi­

gation of the lithium-poly•er electrolyte interface, perfor•ed 

by voltammetry, polarization and a.c. impedance:measure•ents. 

REFERENCES. 

1)-M.Ar•and, Solid State Ionics, ~. 745 (1983). 

Z)-A.Hooper and B.C.Tofield, J.Power Sources, l!• 33 {1984). 

3)-M.Gauthier,D.Fauteux,G.Vassort,A.Belanaer,M.Duval,P.Ricoux, 

J.M.Chabagno,D.Muller,P.Riaaud,M.Armaqd,D.Deroo, 

2nd Intl.Conference on Lithiu• Batteries~ Paris,April ZS-27, 

1984. 
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Abstract 

Microstructure of Pt Electrodes and Its 
Influence on the Oxygen Transfer Kinetics 

S.P.S. Badwal and F.T. Ciacchi 
CSIRO, Dlvlslon of Materials Science 

Advanced Materials laboratory 
P.O. Box 4331, Melbourne 

Australia 3001 

Electrode morphology plays a key role in establishing o2to2- redox 
equilibrium at the Pt electrode/Oz- conducting solid electrolyte inte.rface 
and is believed to be the major cause for the reported discrepancies in 
the mechanism of oxygen transfer reaction. The temperature and the gas 
composition to which these interfaces are exposed have a strong influence 
on the electrode microstructure. In this paper a systematic study of the 
effect of temperature, time of heat treatment, electrode thickness and gas 
atmosphere on the electrode microstructure and impedance behaviour has 
been made. The electrodes studied were sputtered Pt of different 

thicknesses and three commercial pastes. 
For kinetic and microstructural studies the electrodes were deposited 

on one or both sides of polished polycrystalline discs of yttria 
stabilized zirconia·and heat treated for different times at 600, 750 and 
goo•c in pure·oxygen. The influence of other gases (such as Oz/Ar, CO/COz 
and COz!Hz mixtures), substrates (such as sapphire, ceria, urania and 
single crystal zirconia) and substrate preparation was also investigated 
but for only one thickness of sputtered Pt. The electrodes in the as 
deposited state have very high initial surface area, small crystallite 
size (50-100 A) and extensive three phase contact boundary. The 
crystallite size after -heat treatment at 600"C was 
< 0.1 ~~ but it increased to > 1.0 ~ after the 900°C heating. The 
sintering and grain growth of Pt particles led to increases in the time 
constant and the electrode resistance. The relationship between 
microstructure and the electrode behaviour was intricate. The electrode 
arcs in the impedance plane were invariably skewed, dispersed and in some 
cases two arcs were clearly separated. The optimum electrode thickness is· 
a function of maximum temperature, time and gas· composition to which the 
electrodes are exposed. For paste electrodes it was almost impossible to 
reproduce microstructure and hence the electrode behaviour. 
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NOVEL SOLID STATE POLYMERIC IATTERIES 

A J Patrick, K D Claaae, a J Lathaa end l~fQrd 
School of Ch .. iatry, Leiceater PolytechDic, PO lox 143, Leiceater LEl 91H, U¥ 

Subject to the liftina of e lritiah Coveraaent aecrecy order on e patent 
application; ve propoae to preaent reaulta oo ao.e DOvel rooa-temperature, 
lov current denaity aolid atate betteriea, Voltaae aaainat ti .. charecter­
iatica for loaded and unloaded cella vill be diacuaaed. Conductivity data on 
the DOvel electrolytea,. obtaiDed by complex pleDa enalyaia vill be preaented 
for a rena• of taaperaturea and atoichiODetriea. A miDOr modification of 
conventional 1-rey powder diffraction .. thodolOIY vill be deacribed, and the 
reaulta of application of thia technique to the electrolyte ftl .. vill be 
reported. Variable temperature optical aicroacopy atudiaa and differential 
acannina calort.atric ... aur..anta of the electrolyte .. teriala have been 
carried. out end reaultl vill be diacuaaed. The reaulta of S!M/!DAI inveatia­
ationa of cell ca.ponenta after diacharaa vill be interpreted in taraa of 
tranaport of electrocbeaical active aatarial. 

It ia anticipated that the aecrecy order vill be lifted in the naar future, 
at vhich tU.. a more detailed abetract caa be eubaitted for iaaue to 
contarenca deleaetaa. 
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RECHARGEABLE SOLID ELECTROLYTE CELLS WITH A COPPER ION 
CONDuctOR, Rb,Cu,.I,Cl, 0 

0. YAIWIOTO, Y. TAKEDA, R. KANIIO and Y. IKEDA 

Department of Chemistry, Faculty of Engineering 
Hie University, tsu Sl4, Japan 

Solid electrolyte batteries are a promissing system for microwatt 
rechargeable batteries because of the long shelf-life stability arid of no 
leakage after prolonged storage. In this study, the copper Chevrel phase 
(Cu~ooS 0 ) was examined as anode of the cell using solid electrolyte, 
Rb,Cu,.I,Cl,,. Further, various calcogenides with layered structure such 
as metal disulfides, metal diselenides and metal ditellurides have been 
examined as cathode materials. 

The solid electrolyte, Rb,Cu,.I 7Cl,,, was prepared by the method described 
in a previoua paper. the copper Chevrel phase and various metal 
calcogenides were prepared by methods described in literatures. A mixture 
of copper Chevrel phase and the electrolyte in 2 : l weight ratio was used 
as the anode. the cathode of the cell was a mixture of the electrolyte and 
metal dicalcogenidaa. the cell was pressed at JOOHPa to form a pellet in 
13mm diameter. 

Anode the electrolyte, Rb,Cu, 0 I 7Cl,,, was reported to be unstable in 
contact with copper metal. the cella uaing the copper anode showed a poor 
discharge performance· after they were stored for a certain period. However, 
for the cell vith the copper Chevrel phase anode, no appreciable 
deterioration has been observed after a certain period storage. this 
suggests that the copper Chevrel phaae ia a good anode aaterial for the 
cell using the electrolyte, Rb,Cu,.I,Cl,,. 

Cathode the constant ·current 
discharge curvea of the cells 
with the copper Chevrel anode 
and matal disulfide cathode& 
are shown in Fig. 1. the 
cells with NbSa and tiSa show 
better discharge performances 
than thoae with other cathode 
material&, for-the cell with 
NbS 1 , O.J.Dl of copper is 
intercalat .. into NbSa to the 
cut-off voltage of 0.4V. 
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THIN FILM ARRAYS OF LITHI~ - PEO CELLS 

J R Owen,• R D Rudkin and B C H Steele 
Dept. Ret. and Mat. Sci., URperial College, London SW7 
*Dept. Chem. University of Salford, Manchester HS 4WT 

Arrays of cella were formed by thin film techniques. the 

positive electrodu, v
2
o5, were evaporated onto a pattemof Al 

current collector pada aup_ported on in1ulating 1ub1tratea. (PEO) 8 

LiClo4 was dip coated onto the electrode• from 1olution in ~CN, 

dried, and coated'by evaporation with an array of Li negative 

electrodes. Cr wa1 applied a1 a current collector vbich waa inert 

to Li and gave some protection from the atmosphere. 

A microcomputer vaa equipped with up to 16 D/A and 32 A/D 

interfaces for simultaneoua meaauremeata on cella uain& a variety of 

discharge/charge proar-a. Soae calli' vera •elected for complex 

impedance analysi• in order to determine tha relative limitation• 

of electrode and electrolyte. 

the maa1 production of cell array• in thin layer geometrie• 

matched to mUltichannel analy1ia hardware greatly increa1e1 the 

rate of device testing and, via apecielly coDitruete4 cell•, the 

rate of determination of the ther.odynamic and kinetic data which 

relate to the reaction of lithiwa with oxi4idng material&, 
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COMPLEX IMPEDANCE BEHAVIOUR OF THE CELL 
Li I LiCI04(PC) I V60 13 

H. S. Maiti and N. C. Chaklanabish 
Materials Science Centre 

Indian Institute of Technology 
Kharagpur·721302 

India 

V60 13 has been preparEid by control decomposition of 
ammonium metavanadate (NH4 VO:IJ in a specially designed glass 
tube heated in air. This method produced better results than 
decomposition in flowing argon, in which the product was usually 
contaminated by a small amount of V20 5. For conductivity 
measurement and cell fabrication, V60 13 powders were sintered at 
soo·c in argon using 5 wt.% lead borosilicate glass powder as a 
sintering aid. Sintered pellets showed room temperature (25"C) 
conductivity of 4x1o-1 ohm-1 cm-1, which is slightly higher than 
usually reported. 

Laboratory-type cells were fabricated with a lithium ribbon 
electrode (thickness 0.4 mm) and sintered V60 13 pellets (thickness 
-2 mm). Open circuit voltage of these cells has been found to be 
between 3.4-3.5V, which is much higher than previously reported. 
Complex impedance of the cell has been measured in the 13 MHz to 
5 Hz range at different states of discharging and also with different 
DC bias voltages. Interface resistance ( -2 kO) is found to be much 
larger than the electrolyte resistance ( -650 D). While the latter 
increases only slightly, the former increases quite significantly with 
the progress of discharge. Even though both the anodic and 
cathodic interfaces contribute to the polarization, diffusion at the 
cathodic interface becomes rate limiting. 
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IN-SITU FORMATION OF A SOLID/LIQUID COMPOSITE 
ELECTROLYTE IN Li/I 2 BATTERIES 

J.B. Phipps, T.G. Hayes, P.M. Skarstad, and D.F. Untereker 

Medtronic, 6700 Shingle Creek Parkway, Brooklyn Center, MN 55430 

The Li/I 2 battery is considered the prime example of a 
commercially ~vailable, solid electrolyte battery. In 1975 
Greatbatch et. al 11) discovered that by coating the lithium anode 
with poly.vinylpyridine IPVP) the resistance of the Lii discharge 
layer could be reduced by a factor of 10 to 100 as compared to 
cells with uncoated anodes, thus greatly improving battery 
performance. While several investigators have linked the improved 
performance of PVP-coated batteries to microstructural changes in 
the Lii electrolyte, the exact mechanism responsible for the 
reduced electrolyte resistance was discovered only recently 121. 

This presentation will report on the findings of a detailed 
microstructural study of the discharge process in Li/I 2 cells, 
which was undertaken to better understand the mechanism of 
enhanced performance. To accomplish this goal, a special Li/I 
battery was constructed so that the discharge product was formeA 
between two glass slides as a thin, translucent layer. This 
design made it possible to continuously monitor the electrolyte 
formation process during discharge. 

As reported previously 121, this study led to the discovery 
of a liquid phase which forms a continuous capillary network 
throughout the Lii discharge product, The liquid phase is formed 
from an electrochemical reaction between the PVP coating, lithium 
anode, and iodine. Moreover, this liquid is an electrolyte 
through which lithium ions can rapidly migrate. The reduced 
internal resistance of Li/I batteries with PVP-coated anodes can 
be directly attributed to t~e presence of this liquid electrolyte. 

Isolation of the liquid electrolyte for spectral analysis was 
accomplished by constructing a •gas cathode• cell. This type of 
cell was very similar to commercial Li/I2 batteries except that 
the iodine in the cell was present as a gas, rather than as the 
normal I 2 /PVP cathode material. This innovation made it possible 
to separate the liquid electrolyte phase formed during discharge 
from the other battery components. ' 

It is evident from this study that the Li/PVP/I system, 
which was previously thought to be a classic example oi a self­
forming solid electrolyte battery system, !Actually belongs to a 
new battery classr a class characterized by the presence of a 
self-forming liquid electrolyte. A discusdon of the unique 
properties of this solid/liquid composite eleC".'trolyte system and a 
time-lapse film of the discharge process in Li/PVP/12 batteries 
will highlight this presentation. 

Ill w. Greatbatch, R. Mead and r. Rudolph, u.s. Patent, 3,957,533 
11976). 

12) J.B. Phipps, T.G. Hayes, P.M. Skarstad, and D.F. Untereker, 
Extended Abstracts of the 166th Meeting of the Electro­
chemical Society, N- Orleans, Louisiana, Vol.· 84-2, p. 258 
11984). 
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CONDUCTIVITY OF THE BINARY SYSTEM IODINE-PHENAZINE. 

J.1. Franco(*); L. Periaainotti (**)and N.E. Wala6e de Reca(***) 

(*) CirEFA; (**) CIC and (***) ClTEFA and CON1CET, 

PRINSO (Pro1ram of Reaearch in Solid State Phyaica of CONICET­
National Council for Scientific and Technologycal Reaearch) 
Zufriate1ui 4380. Villa Martelli, (1603), Buenos Airea, Arsentina. 

Abstract 

The oolarization phenomena in cella of the type 
Ag/a or Mgi/l;,Ar/r.,under discharge conditione, involves 
not only the known contributiona in acqueoua electroche­
mistry, such aa ionic mi1ration or charae tranafer, but 
another phenomen due to the variation of the cathode re­
sistance. The waste of the active component of cathode 
(12) seneratea a concentration gradient of tha halogen 
in the electrode. Due to the atrons dependence of ita 
conductivity vith composition, important electric resis­
tance• ariaa in the xonea close to the electrolyte. Thia 
fact points out the importance of studyina the electrical 
transport properties in charge tranafer complexea aa vall 
aa their dependence vith the electrode compoaition. 

The aim of this vork is to contribute to tha unders­
taAdin~ of the conductivity phenomena in tha iodine-pha­
naxine ayatem, between ~·c and &o•c and in the composition 
range 0 < x . < 1. Conductivity meaaurementa vere per­
formed by t1.' four-point-probe method. The phaae diagram 
of the binary system ahova an intermediate compound 
12-phenazine (I). 

Conditions under which, the Lichtanecker rule ia valid 
for the conductivity of heterogeneous, ideal mixturea a­
re discusaed (2). This rule is applied to results of con­
ductivity meaaurementa, for the firat time in thia kind 
of syatema and in the whole range of compoaitiona and 
temperaturea. 

An extrapolated value for the conductivity of the com­
plex 12-phana&ine of K ~ 2 -Phen)• 3,55,10-9 s.cm-• at 
2S"C and an activation energy of 1.37 eV ara reported. 

(1) J.1. Franco, L. Periaainotti and N.!, Wela6e de Reca. 
"Behavior of mixture• of iodine vith anthracene, phe­
nazina and thianthrene", to be publiahad in Solid 
State 1onica. 

(2) K. Lichtenacker, Phyaikal, Z,25 (1924) 169, 
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SOLID SfATE BATTERIES 

J. R. Akridge and H. Vourlis 
Union Carbide Corporation 
Battery Products Division 

TechnOlogy Laboratory 
P.O. Box 45035 

Westlake, Ohio 44145 

The discovery< 1 ,2,) or high lithium ion conductivity vitreous solid 
electrolytes having good thermal stability and good moldability has 
enabled the construction or high perrormance solid state lithium 
batteries. The batteries to be discussed are all ot the torm: Li/SOlid 
electrolyte/cathode. The level or performance achieved to date ror 
current density, shelr stability, operating temperature range, etc., 
aproaches that obtained tor lithium nonaqueous coin cells. 

Battery construction will be discussed. Data will be presented 
detailing discharge perrormance as a tunction ot current density and 
temperature. Perrormance atter long term shelt storage at room and 
elevated temperat~re will be shown. Microoalorimetry results will be 
given to support claims or long term battery shelt ure. 

1. J.P. Maluganl and G. Robert, SOlid State Iontos, l• 519 (1980) 

2. J.R. Akridge, u.s. Patent 4,465,746 (August 14, 1984) 
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TIIIIKAJ. HISTORY AND POLYMD ELECTIOLYT! STilUCTUU: IMPl.lCATIONS POl SoLID 
STAT! lATTER! DESlCM 

l J Mlat 0 M D Claaaa 0 l C Linford 
sea-l of CbeUUlrJ• Laicanar rolytecllllic:. ro loa 143 0 Laicaacer Lll 9BH. UK 

aad A Hooper 
llatedal Davelo,..at Divhioa0 AUl Harvell. o.a. t:Dalalld 

Ca.pl•••• of alkali Mtai aalu vitb polJMU an favo'und •• elac:trolytaa 
ia aolid atata battariaa bacauaa they poaaaaa daairabla .. c:haical propartiaa 
aGd adequate c:oaductaaca, loth th••• accribucaa ara acruccure-dapalldaat. 
Savaral factor• affect acructura; aDd va viah hera· co drav particular attaatioa 
to than~~~l hbtolrJ. Wa report tha raaulte of IIIParW.au that idaatUy:-

i) tha c:lrJatalliaa acructura of aa.. alac:trolyta fil ... 

ii) tba iafluaaca of tbanal bhtolrJ oa tba C1rJ8tal1iaa · acruc:cura. 

iii) tba affac:t of atnc:tural cbaapa oa c:ollduc:t- aDd •chaaical 
propartlaa. 

Va bava obaarvad tbraa dlffarant partially ClrJatalllna raaioaa (apbaru­
litaa) ia our pol:JMric alac:trolyta til .. • aa -• tba cvo of vblcb occur 

·al8altaaaoualy. Thaaa •lt ower dlffarant c_,.ratura rapa aDd have diff• 
araat c:ollduc:tlvitlaa. V. vin tlla -pboua coataat of ella apbarullta a1 
providiaa the collduc:ciaa patlnray aad tba clrJ.Celllna c0111tat ella atructui'al 
uUfaue. · 

lacb apbarullta cypa oat only •lea aaparataly0 but c .. aleo ba racraatad 
by controlled coollaa or amaaaliaa. lla will dhcuaa:-

a) Vbatbar tha dallbarata bpoaltlon of a em. aDd c .... ratura proflla 
can ba ulad co control collductaaca aDd •cbaaical propartlaa. 

b) Tba poaaibla affacc of thanal hiatolrJ t.poaad duriaa preparation 
aDd operation of the battalrJ ayat•. 

Vol- cbaapa occur durlaa bocb C~rJatalllaadon aad .. lclaa. aDd tbaaa 
uy ba localliaad aDd cauaa dhtortloa. Sucb dafonatlon could lead to a 
rupture of tba contact vltb alac:trodaa UDder carcaia clrc:u.acaacaa. Tba 
forutloa of a particular apbarullta CJP1 .. Y produce c:baaaaa on cba overall 
flaaibillty of the alactrolyta .. udal, 

lt h ball.,... that an UA111iaatlon of the tbarul bbto1r1 of the pol,..r 
alac:trolyta .. Y provide aD aJIPlaaatloa of aa.. battalrJ parfo...aca par ... tara. 
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THE PHOTO-;NTERCALATlON BATTERY: 

PRO•.RESS AND DlFFlCUL Tl ES 

by 

G. Betz and H. Tributsch 

Hahn-Heitner-Institut 
0-1000 Berlin 39 

Federal Republic of Germany 

Results obtained with the first solar-powered intercalation battery; 
+ 

Cu3Ps4 (hv)/Cu (acetonitrile)/Cu
5

Fes
4 

are discusaed. 
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HICROHECHAHISM OF FORMATION OF AMORPHOUS n!IN FILHS OF LifrB2o3, 
LifrS102, anc1 LifrP;P5 BY PVD . 

Ll-Wei Zhang, H. Kobayashi and K. S. Goto 
Tokyo Institute or Technology 

Heguro-ku, Ookayama 2-12 
Tokyo, Japan 

The thin films or Li20-B201, LizD-Si02, and Li;P-P~5 systems have 
been prepared into amorphous stfte by PVD process. 

The intention or the present work is to specify the molecules or 
vapors and to measure the deposition rates. The micromechanism or the 
formation or the thin films will be clarified in relation to the 
composition and temperature or vapor sources and to the substrate 
temperature. 

The composition or the amorphous films has been determined by 
chemical analysis and ion micro-analyzer. Furthermore, X-ray 
diffraction was used in determining the amorphous state. 

The results are suggesting that large molecules or 1nteroxide 
compounds are vaporizing out and the some fractions are depositing on 
the films. The concentration gradient and pore distribution in the 
thin films will be discussed. 
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STRUduR~L .U.O ~UCTr.ICAL STUIHES ON Tnt: Ot:fECT PrRuCI!LOhE 11AHk IAI.S 
PD,. ~.o. (M ·T~,Illl) 

~ C.n.A.~3t!ow 1 A.~~ntoro• B.C.H.~t~~l~J 
( 1) lloportment or Chemistry, U.C.L. Lonaon, U.K. 

(.!) Re;.;;tor Onision, N.B.:i. Glitll<~~lleq;;, Mary!;ne>, U.S.A. 
(3) U~partment or Het>Hurgy ~no H.lttrla!S ;;~i.lnca, imperial Co!•~li"• 

Lonao:~, U.K. 

Since th" WO~k or V<in Oijk ( 1) wnl~t: dcmonstr..lt~~ tht: ;xistence of 
nigh oxyg~n rr.o:Hilties in the pyro~hlor~ l~ttice, matcrllls "ith this 
slru~ture n..i· .. c' rcccive<l increa.:ung ;lrr,ounts or .l:.tcntion.ln :.hiS 
pres~ntation w..: rdpurt ;. stu;jy of th~ structur.:.d. and ele.;;tricc..!. propcrtu:s 
of th~ a~ftctlve pyrochlo~~ structur~d compounds Pb, .• HaO~·~ wh~re M is 
~ i th~r t~\nt~lu&n Ol"' nioOlum. 

Th; structurd! proper-ties ""re prolle<l usini neutron <liffr;,ction 
tc"nniqu~s.Powcer diffraction p~ttcrns wer~ tak~n on the IIlah resolution 
<ILt'fr-c~omJtt.!r:s :>t the Jj.ll.!:i. Waslllngto:i >n<l l.L.L. C:ranoD!c . Proc<:ssini 
the OJt~ u~in& tllil Rletv.,l<l rt:finament tocnn!quef;?) h<l to stru"tur"s 
<ll s p l;; yin& , large ~mou:~ts of unorc .. ra<l vac:.nc ies on the oxy&en · 
subiatt1cc.Tn~ cl~ctr~cal conduct1v1ty or the mat~rials was investi&~t~d 
v i.l impec;t.!nce t~cnniqucs. E•~n at hlill tconperatur"s (700•C) ·the ·s.smpleos· 
..~.re predomLnantly cl~ctronLc· conauctors, with only a. smal.L 10n1c 
contrlllut1on to th2 total conauctivlty. 

llh<w.,~s no ev1<1enc;: for <ltfect ordering coala .llu extr~cte<l from tn.e 
llriigg a•ffr<iction c;.ta ~~ts , an .. xperlm~nt on the <llrfuse sc .. ti..,rin& 
Glffr~otom,ter 07 ,at tn~ t.L.L. r"ve;;.!t:<l the pr·e:~ence ilf "xt .. nsl·ve 
v;,c~ncy o~<l<rlng .Tn2 <li~inution of tne lonlc conauctlvity from the values· 
;;ntic Lp:>tua for a <l"f"..:t pyrochlorc can be <xplalned ln urms of the 
orcaraa <lef.:>ct structur" r"ve~lea. in tn .. diffuse scatterlns experiment. 

A model wll! De present~<! to axplQln bOth the evolution of the defect 
structure .. nd 1 t.; rehtlonsh lp to the observe<! <!;feet moDlUt 1 .. s. Th" 
central foatur~ of the model Is the existance ot a competition llatween 
inter .. ctions sucn ·as those Detwaen the lone pair electrons or the lead 
1ons >n<l tn~ vacancl~s ln thu l>ttlca ~nlcn arive the formation or non­
stoichiometry and v.l~ano!y-v .. cancy r.opulsion int .. ractlons wnLcn oppose 
dafect in~rporat1on In tna lottie~. 

(1) H.P.van D!Jk , K.J.da Vr1es ana A.J.Bursgraar 
Solia !:itate lonlcs 9/10 913 (1953) 

(~) li.M. Ri~tv.,ld J .. ~pplie<l Cryst 2 65 ( 195'l l 
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ELECTRICAL TRANSPORT IN NiO- Ce02 MIXTURES 

y, B. TICI 
Department of MeUIIurgical Engineering 

Institute of Technology 
Baranas Hindu University 
Varanasl- 221005, INDIA 

and 
c;, M. Mehrotra and J. B. Wegner Jr. 

Center for Solid Sutc Science 
and Departments of Chemistry, Physics and 

Mechanical and Aerospace Engineering 
Arizona State University 
Tempe, AZ ISZI7 USA 

In recent years, there has been considerable interest in the study of electrical 
tr•nsport in two-phase mixtures due to their technological importance. Anomal­
electrical conduction behavior in NiO cont•ining uniformly dispersed metallically 
conducting, second phase particles of Ni3S2 or Nl has recently been reported. 

The present paper describes the results of our maasuremGntl of total electrical 
conductivity of the two-phase NiO- Ce02 mixtures as a function of composition · 
and temperature (600°- 1000°C), The variation of specific conductivity and of 
the •ctivation energy for conduction with composition shows a small deviation from 
ideal behavior at the Ceo 2 rich compositions. The r .. ultl are explained by postlt" 
lating the trapping of transporting species at the NiO- Ce02 interfllces. 
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THE EFFECT OF Til! UIUDI'l'Y ON THE ELECTRICAL-CONDUCTIVITY OF "AS RECEI-
VED" COI4MERCIAL Z.rOf!~-- DOPED SOLID ELECTROLYTE. . 

F, Croce: ENEA-CRE-Ceaaccia, DIP /TIB, Di viaione ChiJiica 
00060, Via Anauillareae 301, Raaa,Italia 

The electrical conductivity ia one ot the moat ialportant propertiea 
ot the practical solid electrolytea. 
In these materials there ia a cloae relation between the conductivity 
and the detect structure: 
-.the concentration and the mobility ot the predoainant detecta 

.influence directly the conductivity. 
This latter experilllental quantity ia principal~ attected by: 
- temperature, ox,yaen partial preaaure, COIIPO'ition and aicroatructu-

ral teaturee ot the material. 
Furthemore,_ 1n many 'practical applicationa aa· OX1Pil aena=", · tha 
solid electrolyte ia in· contact with an hydroaen cont:a1n1na atao.phere. 
Aa 1n these conditione a water shift equll.ibri.,. ia eatabliahad, 
it seems to ua very 1ntereatina to studY the electrical conductivity 
ot the polycriatalline sintera expoaad to inert aaaa• lfith different 
moisture concentrations. 
The poster will concem lfith the electrical propertiea ot aintered 
ZrO /Y 0 used aa solid electro~te 1n the c-rciall,y availeble 
i~~ ~aen aenaor• tor liquid steel and tumace aaaaoua ataaetere. 
The X-ray spectra and the Sill pbatoprapba ot the aintera Ifill be. 
preliminary ahOifD. 

Then their bulk and &rain bolllldafT concluctivitiea, obtained b7 Ulpea­
dence spectroscopy ~aia, Ifill be reported aa· function ot the 
te~~p&rature, OX1&en and/or water partial preaaure. 
Finally the tranaport nuber detel'llinat1on reaulta, obtained b7 
EIIF aeaaureMnta, will be ·illustrated too. 

• FER- Cer8111ca Induatr1ale S.p.A. 
20038 Sereano (III) Via Pacini, 49 
Italy 
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HICK OXYGEN ION CONDUCTION OF A BISHUTH OXIDE- CADHIUH. OXIDE PHASE : 
CONDUCTIVITY AND TRANSPORT NUMBER HEASUREHENTS ; STRUCTURAL INVESTIGATIONS 

T. CRAIA, P. CONFLANT, J.C. BOIVIN and D. THOHAS 
Laboratoire de Cristallochimie et Phyoicochimie du Solide (UA 452) 
ENS de Chimie de Lille 
B.P. 108 59652 VILLENEUVE D'ASCQ Cedex (FRANCE) 

Bismuth oxidee and bismuth-baoed mixed oxideo are known to exhibit 
high oxygen conduction ·at moderate temperature (1-3). Up to nov threee dif­
ferent structural typeo have been inveotiaated : 

- The fluorite structural type 
It io the structure related to the high temperature form of 

Bi
2
o

3 
( 6 ) ; it can be otabilized tovarda room temperature by addition 

of a rare-earth dopant to Bi
2
o (4) 

- The rhomobohedral otruc~ural type 
It results from the addition of an earth alkaline (Ca, Sr, Ba) (5) 

or rare earth (6) cation to Bi
2
o

3 - The bee structural type 
It hao 'been oboerved when lead oxide ia added to biomuth oxide and. 

occura o~'\' a vide ranae of compooition. Conductivity valueo aa hiah ao 
1( Q .em) at 870 l are reached (7}. 

Unfortunately, the later cannot be otab ilized down to rooa tempera­
ture. That· difficulty can be overco• vheo cadmiu• ia uaed inateacl of lead .. 
The paper reporto the oyntheoio conditione, otability ranae, conductivity 
meaoure•nto by complex impedance technic, and tranaport nu.ber -aoure­
menu by e.m. f. ·method, of a biomuth cadmium oxide oolid oolution which 
exhibito the b~c.c. otructure. 

Reoul.to of sinal• cryotal x-ray ioveotiaatiooa uoina a four circle dif­
fracto•ter will aloo be daocribed. 

1- TAlAHASHI, T. ond IWAHARA, H., J. Appl. Electrochem.,2 (1972) 97 
2- HARWIC, H.A. and CERARDS, A. C., J. Solid State Chem., 26 ( i978) 265 
)- V!RKERl, H.J., KEIZER, l. aad BURCIAAF, A.J., J. Appl. !lectroche•., 10 

( 1980) 81 
4- CAH!II, H.T., VAN DIN BELT, T.C.H., Dl WIT, J.H.W. and BROERS, C.H,J., 

Solid Stat• loaico, 1 (1980) 411 
5- BOIVIN, J.C. ead THOMAS, D., Solid State Ionico, 5 (1981) 523 
6- IWAIIAIIA, H., ESAI.A, T., SATO,. T. and TAlAIIASHt, T., J. Solid State 

Che•., 39 (1981) 173 
7- RONNART, F., BOIVIN, J.C., THOHAS, D. and Dl VRII!S, lt.J., Solid State 

Ionico, 10 ( 1983) 921 
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A NEW PHENOMENON - THE INDUCTIVE IMPEDANCE IN 
Bi20 3-BASED OXYGEN IONIC CONDUCTORS 

Guan-Yao Meng, Ming Zhou and Ding-kun Peng 
Department Applied Chemistry 

University of Science and Technology of China 
Heifei, Anhul 

The People's RepubUc of China 

The AC impedance and admittance measurements on the 
samples of a number of binary and ternary Bi20 3-based oxide 
systems were made in the frequency range of 5 Hz to 1 MHz and the 
temperature range of 250"C to aoo•c. It was found that, in the 
lower temperature region, all samples Showed a standard complex 
plane plot which could be represented by an equivalent RC parallel 
circuit and, in the higher temperature region (typically higher than 
-550"C), showed an unusual inductive impedance: impedance 
spectra in the higher frequency region were an almost vertical line 
below the real axis and the respective admittance spectra went a 
nearly perfect semicircle below the real axis. ThiS uniQue 
phenomenon has not been reported In the current literature on solid 
electrode-electrolyte systems. The fact that It was independent o1 
the sample preparation method, the nature and amount of the 
dopants, electrode material and measuring instrument systems 
indicated that the above phenomenon was a feature of BizO;rbUad 
materials themaalvee. 

An LAC equivalent circuit was proposed and, assuming that L 
and C are independent of temperature. a good description of the 
electrical behavior was obtained. The existence of inductive 
impedance along with bulk resistance implies that the motion path 
of oxygen ions in Bi2D:J-based oxygen ionic conductors IS 
screw-like, which is surely related to ita crystal structure. ObviOUSly, 
the new phenomenon discovered in this work Ia of certain 
theoretical and practical significance, and is worth further study. 
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CHDUCAL DIFFUSION IN CALCIA-DOPED 
ZlRalNIA CERAMIC 

Shlxue Dou 
Department or Chemistry 

Northeast University or Technology 
Shenyang, China 

c. R. Hasson 
Atlantic Research Laboratory 

NRC or Canada, Haltrax. NS 

P. D. Pacey 
Department or Chemistry 

Dalhousie University 
Halirax, NS Canada 

Abstract 

Chemical dlrrusion· or oxygen in Calcia-doped drconia (CSZ) with 
impurities or AlzOl, Si02, HgO, Fe2ol and Ti02 was studied by the non­
steady state perm4at'ion and the desorption techniques at 960-145o•c. 
The concentration or excess oxygen in CSZ was ro~d to be proportional 
to the content of iron oxide within experimental error. The electron 
holes were largely contributed rrom converting Fezr to Fe'zr• The 
chemical dirrusion coerricient, D, was round &o be inversely 
proportional to the relative deviation rrom stoichiomety, and to 
increase with increaSing Po • The results were consistent with a 
trapping mechanism ln which the holes are diVided into rree and trapped 
ones. D is reduced by the trapping ractor. The time constant or 
equilltratlon processes with a s~.rro~nding atmoephere is increased as 
the concentration or the trapping centers is increased. The CSZ 
electrolyte rree or Fe2o3 gives rast response in EHF. 
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rlftlliiiiJ 2-' lidliua wtdlaulltnJCtUIII .-.,. (e ••• tl1ll lillie dlala llnldllrl II me""eiw' 

Pl7/EM-10 

ELECTRIC AND ELECTROCHEMICAL PROPERTIES OF 30M£ OXYGEN CATALYTICALLY ACTIVE 
ELECTRODE MATERIALS. 

A.J. Burggraar, M.P. van Oijk, K.J. de Vries. 
Laboratory for Inorganic Chemistry, Materials Science and Catalysis, 
Twente U~iversity of Technology, P.O. Box 217, 7500 A£ Enschede, 
The ~etherlands. 

It has been shown (1-5) that both the nature or the surface of the oxidic 
electrolyte and of the electrode metal plays an Important role in gas 
electrode (redox) reactions. This is especially true at higher 
temperatures. 
A better understanding of electrode reactions Is or prime Importance for 
designing good electrodes for application such as fuel cells, 
electrolysers, sensors and oxygen pumps, and may lead to oxide electrode 
materials without the use or noble metals. The literature Is rather 
confusing however and there Is no general agreement on the rate controlling 
steps under specific conditions. 
Oxygen vacancies, the occurrence of electronic conductivity and the presence 
or (catalytically) active sites most probably play an important role (1-6). 
In this paper we shall present some new results concerning the errect or 
ordering and or mixed (Ionic and electronic) conductivity on electric and 
electrode properties or some zirconia and ceria based oxides with fluorite 
or pyrochlore structure. Results or a detailed study or the defect chemistry 
and or the electrode properties within the system TbxCdx_1zr2o7 shall be 
presented and shall be compared with preliminary reaulta or eerie ba.-d 
mixed conducting electrode materials. 

Lit •. rer. 

1. E.J.L. Schouler, Solid State Ionics 2!12 (1983) 9-5. 

2. a. M.J. Verkerk, H.II.J. Harmink, A.J. Bursvaar, J. Electrochlilll; Soc. 130 
(1983) 70. .-

b. M.J. Verkerk, A:J. Burgvaar, .!lli·· 78. 

3. A.J.A. Wlnnubst, A.H.A. Scharenbors, A.J. Bursvaar, Solid State Ionics 
.!.! (198-). 

4. H.· Isaacs, Z.Y. Olmer, J. Electrochem. Soc. !li (1982) 436 

5. E.C. Subbarov, Solid State Ionlcs !l (1984) 317. 

6. H.P. van DiJk, A.J. Burssraar at al., Hat, Rea. Bull. 19 (1984) 1149, 
1211 (part 2). -
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SUMMARY 

DOPED CATHODES FOR ZiRCONIA BASED 

WATER VAPOR ELECTROLYZERS 

E.J.L. Schouler, J. Ournari, A. HammoU 

Laboratoire d'Eneraetique Electrocl\imique 

LA CNRS 26) 

E.N.S.E.E.C. B.P. 75 - F. li.OZ - St Martin d'Heres- France-

This work dealt with the improvement of the water vapor 

reduction in stabilized zirconia based cells by doping the cathode interface with 

the Ce It+ /Cel+ redo• couple. A preparation technique of such an interface trans­

poS<Ible to an industrial scale is proposed. It consists in coating porOU5 zirconia 

substrates by spraying a dilution of ceria in water prior to high temperature 

sintering. Automatisation of the spraying phase guuantees the homogeneity 

and reproducibility of the layer. 

The catalytic activity of the doped interface hAs been 

studied by impedance $JM!Ctroscopy in dynamical conditions. Besides the nature 

of the electrode material, the temperature, the concentration of the vapor, 

the major parameter of the study was the concentration in cerium. It has been 

shown that the ma•imum efficiency of the doped interface was obtained for 

a concentration in cerium ranging between 4 and 10 weight percent. The results 

has been analyzed by considering the relative contribution of the ionic and elec­

tronic conductivities of the electrolyte surface. 

The stability of the doping effect has been studied with 

respect to time, current density and repeted o•ydo-reductaon cycling. 
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DAHSJORT l'llOI'UTDS OP T8DI PIU TU1 

D. A. Zolaadu, J, ball oa4 a. P. lhuauola 
Depal!'taoat of •culolo Solo- oad laah .. l!'l.oa 

11a1Yonlt7 of Collfualo, Loo Aaaol .. , CA P0024 

Tlao tnaepol!'.t pro,.l'tha au olaouooll•loal llela..,lol!' of U.la fU• TU1 
•otolilal YOU l ... u&lptad, 'IIao tlala fU•a .wuo pl'o40nd by .. opontlOI 
tlcaal• la tllo pl!'oiO- at oa 1 2 s· pla•a (aetho&od IUoothe "opol'otloa 01!' 
AilE). Tlab pi'Ooon allcora tlla fU•o . (2 •luoae tlllok) of 4ooao, ooady 
etololal•oUio TlS., to lie 4opoaltod oa·a yodot7 of nllotutu. Ia tlao oapor 
iaoata uportod Sol'o, llotla aapplall'o aad ao4a-lt.o alan aalleuatol wuo 
-ployod. Tlao f U•a'oulllltod a pnhuooi odoatuloa wltla tlao o-aala of Tll2 
ollaaod panl hl to tlao ph• of tlao eabl&l!'ato. Tlao f U•o dhphyad a f lao­
aulud •l.uoetl!'aotau la coatn•f to tlaa uodh-llta aoi'!*Olou prodaood by 
cb•lcal Yapol!' dopolltloa •otlaodo • 

Tlao TU2 fUaa ooald bl lltlalatod llotll oll•l.oally, wltll rbatyllltlal•, 
'"' olocuocll•loaUy. Pol' tlao lotto&' 0010 •• olootl!'oola-l.cd ooll aalaa TlS1 
tlala f U•• wae coaauactod. Opoa oll'calt Yol taaoa l!'oCol'4od fol' tlao oHpoll­
Uoa lialt1 of tlah •atulal wuo: +1.73 V fuLl Yl LlTl~ ead +2.71 Y fol' Ll 
••· ns.,. Tlaooo •al•• aa"r• ••11 wltla t1ao10 upol'tod ··fol'. till• fU• Tll., 
pupual by CYD taolaalq••· Pul ialaa1!'7 call qollaa upol'iaoau ollow lialtol 
lltlllD I'OYorllbll l.ty, llow..,U, addltloaol •aov•oata al!'o la p&'OII'OU. 

Tlao tlal11 f U• coal lpcatloa h qaUo eoaYoaloat fol!' •oaltol!'laa tlao 
elooul.cal propartloa of Tll2 dvl.aa olootl'ocll•lcal opal!'atloa. Tlao olootl'l­
cal COUIICtlYlty Yal•a fol' Ula fU• Tj~ a!f i! o&oell .. t aan•oat Yltla 
4o u palllllllod for balk Til., C-1 X 10 Oba • 1 u JOO It). Ia addltioa •• 
fouad tllat ella iatol'oalatioa &f litlai .. did aot affect tlao •a .. lt... of tlao 
elecUicel coadactlY it7. Tlaoro waa ao ••l4oaco of aq &ppl'eolablo loalc oor 
trl.batloaa to tllo coadootlYlty of Ll TiS. u a -+ 1. lalthl .. uv•••ta of 
Li+ diffael.oa eaueat a eabataatfallj lowu dlffaaloa codfloloat la tllla 
fUae 11 co•pared to balk •atoriala. Tlao Ol'iaia of tlah blll•lol!' aad tlao aol!'o 
aounl ha110 of laow fU• etololalaall!'7 aad •ol'!*olou iafl•- Ll+ dlffalloa 
will bl pUIOatod. 

l. 

Tlaie wort ••• eappol'tad· la part by tlaa II.S. "'-r·Raeaal!'oll Office. 

I. ltaacllol'i, lt. *ta•oto, 11:. IUyaaclal au T. ltadD, Soll.d State loalu 
~ 1445 ClPIJ). 
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TITUlUII DISULFllll flUlS FAIIIICATID It PLASMA CVD 

leUoh1 lanahorl, lllk1o Ito, Fua1yolh1 l1r1no 
J4t;eykl N1 uw;bi and Tataulobl Kudo 

Central leHaroh Laborawy, H1taob1 Ltd. 
<P.o. IDa 2, lolll*unJ1, Tokyo 115, .Japan) 

Thin . tila Hoondary Uthlua bettar1aa era reaerdld •• one or the ao.at 
daalrabla typaa or a1orobattar1aa ror var1oua kloda or alectronlo davlcea 
due to their h1ab aneru deoaitr, blah rel1111111ty and aood 
reoheraelb111ty, 

Titeolua d1alllt1da 11 Will known •• a cathode aatarlal ror aecondery 
11th1ua battarlaa. However, Nhan TiS 1a to be uald •• a oathode r11a, lt 
ahollld hive thl prarerrld or1entat1oi Nbaraby the oryatalloarepblo o-eale 
Ia parallel to the allbatrate plena. The 111thora priY1oualy reported that 
auoh TIS r11aa oen be rabrloatld by CVD ualna T1Cl• and H S, IDd the oall, 
L1/L1 3•6it0, 6P0,,o,/T1S2 , baa aurrto1ent potential ror ~ •• 1 Hoondary 
l1th1ua batterr. 

The rua ron~atlon aechlnla 1n the plaae anhlncld CVD CPCVD) 11 
dlrrarant rroa that or the conventional CVD, alnoa eouroa aaaea are aaltld 
by phaa. Froa tbla point or vlaw, lt 11 upeotld that atolchloaatry and 
alectrooh•loal propartlaa or ns2 tllaa alf Ill laproved bJ llllftl PCVD 11 a 
rabrloation prooa11. 

&II 1nduothalr oouplld PCVD apparatlll 1111 Iliad tor rabrloetlon. The 
aloroatruotura or the tlla rabrloatld br PCVD oooallta or aall, narrow 
phte-llkl orratala. 1t 1111 rouod that thll r11a 1111 alqle pbeM or ns2 
and hid a atrooa orientation or thl orratalloarapblo o-u1a parallel to till 
allbatrate plane by 1-ray dlttreotlon aoalra1a. The ooapoait1on or the 
PCVD-rlla end CVD-rna , lfhlob wra rlllrioetld uodar the oond1t1on or 
(H2S)/ (nCl,J • T •• , 111ra n 1, 02s2 IDd n 1, 0r 2• reapeotlvalr. It 1111 toWid 
that:. the ooapoaltion or thl PCVD-tlla bloaa aore ato1oh1oaawio. 
Furtharaore, wben(H2S)/ (TiCl,lwaa ollaqld troa • to 12, the ooapoaitlon 

ohaoa.S all&htly, 1.a. T1 1, 03s2 to n 1, 01s2• It 1111 tbouaht that thiM 
atraou wre dill to · thl blab o-eowetion or the IDtiYI 11111\r apeeiea 
produold by plaaa, 

Thin tila calla tor aaaa~rlq aleowooh•loal propertlaa wre prepared 
br dapoa1Uq u 3, 6st0•6P0,,o, aleowolf\a tlla end L1 IIIOde tlla -
quent1ally tllrouab aputterlna aatbod and veouua 1Yiporat1on. The appareot 

oh•loal dlttualon ooernollnt or L1 in tbl PCVD-rua 1111 10-a ,},., wbloh 
1111 hraar than that or thl CVD-tlla. Thia laprov•nt ahollld hi dill to 
the reot tbat tbl PCVD-rua oontllnfd laaa aaoaaa u. Dlloharaa oapaoltr 
<2.5-1.5 V) or tha i'u ualoa T,- PCVD-rna 1111 901 or thl thloretloal 
capaolty at 200 alia , lfhlot 1111 lara• ooaparld to till oapao1ty or thl 
CVD-rlla, I.e. 551-160 alia • Thla realllt oolnoidea lflth the f10t that 
tha PCVD-rna hla lara•r cta.ioal dlttlllioa ooert1o1eat. 

In conclualon, thia atudr rnaalld that TU rnaa havlna prararlbll 
oryatalloarapblo orientation, naarlr ato1ohii.atr1o coapoait1oa and 
daa1rlbla aleotroota.ioal propertlaa can be tabrioatld by PCVD, 
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BI:Ot~RY .\:iD TER~.\RY Li-.\LLOYS .\5 .\;lODE ~ATERIALS I:f RECH.\RGABL£ ORCA~IC 
F.l ECTROI.YTF. Li-RATTFIIIFS 

J.O. Besenhard, P. Komenda, A. Paxinos 
Inorsanic Chemistry Department, Technical University of ~lunir;h, 
Lichtenberastr. 4, D-8046 Carchin& 

~. Joso~<icz, 
Depart~nt of Bioengineerina, University of Utah, 
Salt Lake City, Utah 84112, USA 

Various intermetallic phases containing lithium are characterized by hiah Li­
mobility; the thermodynamics and transport properties of many of these phasaa 
have been in,·estigated carefully because they are candidates for anode na­
terials in rechargable Li-batteries. In fact there are several binary ana 
ternary Li-alloya which meet reasonable enaray density and powar density re­
quirements even at room temperature, amana thea alloys with Al, In, Ga, Sb, 
Bi or Bi-Sn. 
In oraanic electrolytes, however, the bottleneck praventina a practical appli­
cation of these anode ~terials is the poor deep cycling and storaae stabili­
ty; this is related with surface reaction& and morpholoay chanaea. Surface 
filming e.g. of B-LiAl in LiCl04 propylene carbonate (PC) alectrolytea effec­
tively prevents bulk corrosion - but th11 f1llt1na 1a an 1rravanible reaction. 
During cycling new surface• are created permanently and electronically inaule• 
ting substances are accumulated on the electrode. Moreover, cyclina of unaup­
ported LiAl cause• the material to become 1ponay and poorly adharant. Finally, 
the contact area inert subatrata/l.iAl ia vary aanaitiva to d11p cyclina • 

Thera era waya to i•prova at laaat by ... 11 atapa tha three crucial points: 
i) aurfaca filaina, li) morpholoay chana••· iii) contact to inert aubatrece. 

Nonreactive 1urfactanta such •• paraffinaa ea.n aupport vary· auch chi protec­
tion of Li-alloy surfacaa aaalnat attack by tha alaetrolyce. Th1a 11 a rever­
aible ad1orption proc: .. a wblch doea not uM up the aurfaetallt ( 1). Parlff1-
naa aven·protact 1.1-In aurfacea in L1Cl04/PC; without parlffine add1t1Y .. 
Li-In alloya are quickly•DDd quant1tat1vely oxid1&ed by L1Cl04/PC. 

Morpholoay chana•• •·I• of 8-LiAl active aateriel can be a1anif1caatly re­
duced by •baddina 1t 1n a nonraactiva or It 1-c aucb laM raacthl •trill. 
When •·I• Si-eontain1na Al ia used 11 base aatar1al for 1-LiAl, tha 51• 
fraction ia practically nonreactive at rooa c .. perature. The ~aadvantaa• of 
reduced Li-aobU1ty in Si-eontaa1nated A1 1a owerllallllced bJ chi audl 1-
DOrpboloay cban&•• dur1na lona-cera cJcl1q. 

The IIIC:hloieal and alaetroD1cal coacacc 1oert aubatrata/baae aecal of L1-
alloy is in aanarel deatroyed when the aupply of baM aatal 11 coaplately 
consumed. Metallic couplina aaentl vhich can cr .. ce 3-dlalnaional intarfacaa 
improve the contact and allow deep cycl1na of the alaetrode. An ideal coup­
lin& aaant alloya with tha inert aubatrata 11 vall 11 vitb the baM Dltel of 
tha. 1.1-alloy. The latter ia diluted by tha couplina aaant and ita coacencra­
tion araduallx aoaa to zero on the aubatrace aide of chi 3-dlalnaional inter­
face. In tha aiaplaat c111 tha baaa aatal of the L1-elloy 1a diluted by 
alloyin& with the ine~t aubatrate 1taalf: •·I• deep cJcl.1na of 8-Wl on a 
Ti-aubatrata ia auch laproved by • Ti-Al alloy Interface (2). 

(1) H.P. F~itz, J.O. Besenhard, Ger. Otten. 28 34 485 
(2) J.O. Besenhard, E. Wudy, H.P. Fritz, Gar. Otten·. 32 30 410 
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LITHIUH THERMODYNAMICS AND KINETICS OF THE GAMMA 

LITHIUM VANADIUM IRONZI STRUCTURE 

loryano Liaw, Ian o. Raiatrick and R.A. Huggina 

Dapart .. nt of Hatariala Science and Enginaaring 

Stanford Univaraity 

Stanford, CA 94305 

The reaction of Uthiua with alkali Mtal vanadiu• bronzaa baa bean 

studied recently by aevaral invaatigatora, aa the .. utariala are of intaraat 

•• poaalbla podtlve electrode conatituenta io both aoUd atata and aoltan 

aalt electrolyte aecondary lithiua battariaa. 

Thera are aavaral different atructurae in both tba pure lithiua venadiua 

bronzaa and alxad alkali broo&ea, and lithiua inaertioo and delation h .. bean 

found to occur in thea, in aou caau at high ratea and over appreciable 

rangea of co•poaitioo. Theee utariell aleo typically bave low Uthiua 

activitiea, and thua high voltagu coaparad to lithiua. 

Ita layer-like atoaic arrangeuot and hilh voltqea venue Uthi.a •aka 

the , .... phaaa atructura an eapeciallJ attractive electrode reactant for uae 

in Uthiua ayatau. Two typea of aitu between the vuadiua-oXJI&D chaine era 

occupied by the inaerted Utbiua iooa. 

rather eaaily, 

At laaat ooa of theee eao be deletad 

Electrocheaical aethoda have been e•ployed to determine the equilibriu• 

potential-coapoaitioo relatione, and data will be reported on the aquilibriua 

alectroche•ical titration curve. In addition, the cbaaical diffualoo coeffi­

cient haa been maaaured at aavaral coapoaitiona by the 1alvaooatatic tranaieot 

technique,and alao by the uae of AC iapedenee ••thode. The.. kinetic para­

.. tera are alallar to thoae previoualy found io aateriala with the beta 

atructure. 
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jo 
Ll'~llNt:SLL:;~.:L lJF Cr lt> l!i 1:,-;,l.l ~:1' . .', l.I>\SI.;L~. 

C. Hariotto, H. Hunta&na and f. Rossi 

Dipartimento di Fisica, Universita di Trento, 38050 Povo {Italy), and 
Istituto per la Ricerca Scientifica e Tecnologica, 38050 Povo {Italy). 

Luminescence spectra of Cr
3
+ doped beta-alumina crystals, containing 

various conducting monovalent cations, were taken at different temperatures 
between 4.2 and )00 K. From luminescence eacitation spectra we obtain a 
l•vel scheme •imilar ~o thtt of ruby, where th5+emission lines are lnter­
preted as due to the E -. A transition of Cr ion, substitutional for 
the Al)+ ion in the octahedril sites of the spinel block structure. We use 
time-resolved spectroscopy technique in order to separate the contributions 
from non equivalent centers, characterized by lifetimes ranging from •1 ms 
to -60 ms. 

The shape of the emission lines, showing characteristics intermediate 
between those observed in ordered crystals and in glasses, reflects the a­
nomalous nature of the host system: a crystalline matrix with high degree 
of disorder in the distribution of the monovalent cations over the sites 
of the conduction plane, separating two adjacent spinel blocka. 

Energy peaks and linewii!hs due to the inhomogeneoua broadening of the 
observed lines depend on Cr ion site and on the composition of the host 
crystal, being sensitive to the different substitutional monovalent ions. 
Homogeneous linewidtha are, also, measured by fluorescence-line-narrowing 
technique as a function of temperature. 

loie discuss the observed inhomogeneous and homogeneous broadenings in 
terms of static disorder and of dinamics of the mobile cations, respectively. 
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AN ALTERNATIVE FABRICATION ROUTE TO H 3o + B "-ALUMINA v.ia 
HH4+/H 30+ B"-ALUMlNA 

John o. Thomas, 1 Garry J. Mcintyre 2 and John DeNuzzio3 

1Institute of Chemistry, University of Uppsala, Box 531, 
S-751 21 Uppsala, Sweden 

2Institut Laue-Langevin, 38042 Grenoble, Cedex, France 

3Department of Materials Science and Engineering K1, University 
of Pennsylvania, Philadelphia, PA 19104, U.S.A. 

Of the protonic B-/B"-aluminas so far investigated the mixed­
-ion system NH +/H3o• B"-alumina is the best conductor of 
protons: o-7x16-4n -1cm-1 at 3ooc, rising to -2x1o-2n-1cm-1 
at 2oooc (R~&. I I. An earlier single-crystal neutron diffrac­
tion study has exposed the detail of the network of NH4+ ions, 
H30+ ions and H20 molecules contained in the conduction plane 
(Re6. 2). Extending this work to higher temperatures has in­
dicated that the decomposition (earlier shown by TGA methods to 
begin above 200°C) involves the loss of NHJ from the conduction 
plane; the remaining proton forming a oH- group on the spinel 
block 1Re6. 3). Recent a-measurements made on powders indicate 
that the conductivity falls as deammoniation proceeds; approach­
ing the value observed for HJO+ B"-alumina at higher tempera­
tures lh6. 4). 

In the work reported here, a large single-crystal has been 
heated in air at 350°C for 21 days, followed by a heat treat­
ment at 250°C for 3 days in one atm. of water vapour. The aim 
here was to create an H3o• 8"-alumina crystal whose structure 
was then investigated by neutron diffraction at the ILL, 
Grenoble. This structure will be discussed and compared with 
the results of a study of a crystal of D3o• 8"-alumina made 
by acid exchange of Na• 8"-alumina in cone. D2S04. 

Re&t~tencu 

1. G.C. Farrington, K.G. Frase 1 J.o. Thomas. In Advanc~~ .in 
Matt~~..iah Sc.ie.nce, 1984. 

2. J.O. Thomas 1 G.C. Farrington. (19831 Acta Cll!{6t. B39, 227. 

3. J.o. Thomas, K.G. Fra·se, G.J. Mcintyre & G.c. Farrington. 
(1983). SoUd Stat~ Jon.ic~. 9/10, 1029. 

4. J. DeNuzzio, To be published. 
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THE EuJ+ +Eu 2+ REDUCTION PROCESS IN EuJ• B"-ALUMINA 

Wilder Carrillo-Cabrera 1, John 0. Thomas 1 and 
Gregory C. Farrington2 

1Institute of Chemistry, University of Uppsala, Box 531, 
S-751 21 Uppsala, Sweden 

2Department of Materials Science and Engineering K1, University 
of Pennsylvania, Philadelphia, PA 19104, u.s.A. 

+ Ion exchange of Na 8"-alumina crystals in EuC1 2 and Euc1 3 at 
el~vated temperatures has been demonstrated to produce 
Eu + B"- and Eul• 8"-alumina. Both materials have furthermore 
been shown to fluoresce (yellowish green and red, respective­
ly) under UV-light (R~~· 1). Preliminary experiments have also 
shown that heating Eul B"-alumina in vacuum produces a change 
in the fluorescence from red to yell~wish green under UV-light, 
suggesting a reduction of Eu3+ to Eu + ions. 

In this present work, single-crystals of Eu2+ 8"- and Eul•s"­
-alumina have been studied by x-ray diffraction, as well as a 
crystal of Eu3+ 8"-alUmina after heating in vacuum at 10oooc 
for 15 h. 

In both Eu2•. s·-· and Eu3•8"-alumina, the majority of Eu ions 
183\ and 96\, respectively) occupy mid-oxygen (9d) sites. This 
is by far the largest mid-oxygen occupation yet observed in a 
divalent 8"-alumina. The study of the. heat-treated crystal in­
dicates the creation of a significant quantity of both Al and 
o vacancies, suggesting a high degree of disruption in the 
crystal. This has been confirmed by rec;ent HRE/ol measurements 
on the same crystal (R~6. 21. 

Re6e11.encu 

1. B. Ghosal, E.A. Mangle, M.R. Topp, B. Dunn 1 
G.c. Farrington. (19831 So!~d State Jon~c~. 9/10, 273. 

2. A. Petford. Private communication. 
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ON INTERACI'IONS BETWEEN H10 MOLECULES AND MOBILE M + IONS 

(M + =Li. Na•. Ag•. K •. Rb •. Ti •)OF RETA AI.UMINAS 

J. Garbarczyk, W. Jakubowski and M. Wasiucionek 
Institute ofl'hysics 

Wa~w Tcchnic"l University 
Kostykowa 75, 00-662 Waruawa 

Poland 

Our pre,ious investigations (conducuvity and TGA/DT A measurements) have 
shown that kind of mobile ions strongly affected rate and extent of water absorption 
by bcta"alumina. This uptake wJS the most pronounced for U + bet"" alumina. less 
for Na • beta" alumina and almost negligtble for the ·Ag• -isomorph. Other authors 
ha>e reported that also bet;r /beta"/ alumina with K •. Rb +. or Ti • mobile ions 
practicall)· do not absorb. water. although the widths of conduction slabs in these 
isomorphs arc larger than in Na + beta alumina. All these results strongly suggest that 
strength .of water bonds to beta/beta" I alumina depends. lll<linly on H20-M + 

interactions and it decreases for larger M + ions. 

To explain this. we assumed simple model of two·body interaction between 

H,O dipole and M+ ion (M•=u. Na•, Ag•, K•. Rb+, Ti+). Jato the total 
potential of interaction we included three following terms: 
i) electrostatic attraction between ~1,0 dipole and M •cation 
ii)elccirostatac attracuon between ind~ecd dipoles and 
iti) short·rangc Horn·Mayer's· repulsion. 
The mimma of <'alculated potential curves gave values of theoretical energy of 

M •-Hp bonds. For Li +- H20 interactions it is equal to 1.1 eV, being in good 

agreement with experimental results having been reponed for hydrated l.i • beta 
alumina. It is also interesting, that equilibrium distances for Li- + H20 and 

:-<a• .. Hp pairs arc less than 3.2 A (i.e.' 6c·6c distJnce of beta "alumina). On the 

other hand the M +- Hp (M • = Ag •. K •. Rb •, Ti •) ~quthbrium distances arc 

longer than 3.2 A and bmding energies much smaller than in the caSes of Li • and 
Na • ions. 'lllis seems to be responsible for negligable water uptake by Ag +. K +, 
ltb• and Ti• betalbcta"/ahuninas. 

The presented model predicts that binding energies of 11p dipole with M1• 

or M l+ mobile ions depend not only on sizes of the ~ations but also on their charges 
and polariahilitics. 

The role or weak hydrogen bonds (<0.2 eV) between H,O molecules and 
'''ygen ions from spinel lllocks of beLl ,alumina, wall be J_i~ussed in the paper. 

P27/BA-13 

CONDUCTIVITY CHANGE DURING THE REPLACE~IENT OF SODIUM BY 

SILVER IONS IN POLYCRYSTALLINE BETA"ALUMINA 

M.W.Breiter and M.Maly-Schreiber 

Institut fUr Technische Elektrochemie, TU Wien, 9 Getreide­

markt, A-1060 Wien,Austria 

B.Dunn 

Department of Materials Science and Engineering, UCLA, 

Los Angeles, CA 90024, USA 

The longitudin~l conductivity was determined by a four-probe 
technique at 1000 Hz as a function of time during the replac­
ement of sodium ions by silvgr ions from the inside of a 
closed end tube at about 300 C in molten silver nitrate. The 
melt was periodically removed by a preheated pipette before 
the resistance measurement and added again afterwards. This 
procedure eliminated the contribution of the co-conductance 
of the melt and assured a fresh melt for each time interval 
of exchange. Similarily the radial conductivity was meas­
ured during the e~change starting from the outside. An ex­
change of the melt was not necessary here. The conductivity­
time curves, resulting from both measurements, display a 
minimum with a conductivity value below that of silver beta• 
alumina. Simple considerations show that such a minimum 
should not be observed. It is suggested that the minimum 
results from the slow diffusion of sodium ions through 
regions which are largely exchanged to silver beta"alumina. 
These regions are partly located close to the surface of 
crystallites,which possess a mixed, non-equilibrium comp­
osition, and partly inside the grain boundaries. 
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8 ar.1 S" ~:!.!.Din~ -· structt!re, lcc&l order and conductivities. 

G. COLLIN (a), J.P. BOILOT (b), Ph. COLO~I!IAN (b), R. COMES (a) 
(a) Labo de Phy5iqua du Solida, Univar5i~6 Paris Sud, B&t 510, 91405 Orsay 

France. 
(b) Groupe de Chimia du Solida, I.aboratoira Physique Hatif're Condens6a 

Ecole Polytechnique, 91128 Pa.laiseau, France. 

8 and 8" al=ina type materials provide host lattices stable and inert 
enouqh in o:der to carry out very fundamental studie5 or superioniC· con­
ductivities without interference with the mora or lass patholoqical behavior 
of the matrix. lie will present some new results. 

1) Concerninq the alkaline materials 
The simultaneous e~aoination of lonq and short ranqe orders leads to a mo­
del of ion-ion correlation in a 2D type suparlattica. The determination 
of the diffraction functions •~plains this pure 2-D character, the diffe­
rence in cohe<ence lenqth due to faultinq and the microscopic homoqenaity 
of these ~aterials. 
An inter?retation of the anharmonic propertie5 is proposed. Froo these 
results, it is possible to build up a system of state equation based on 
the equilibrium conditions of the 8 alumina type materials. This show~ 
that the O!Odel-experimentally found-of cell5 occupied by 1BR or 31110 Na 
ions is everywhere energetically mora stable than the B-R,a B-R one. 
In a second step, the state equations for 8" alumina appears to be a 
perturbation due to a host lattice polarization. QUantitative detarmina­

.tion of the polarizttion amplituda gives the hollloqenaity ranqes of~ alu­
mina - 1. - 1, 56 Na per unit formula and 8" alumina 1. 56 - 1.67 Na • 
Startinq from the works of Sato and Kikuchi a modified P.P.M. is proposed 
in order to account for the transport properties. In 8" alumina the anti­
ferroelectric order observed at low temperatura is proqrassivaly dastr~­
yed upon heating and leads to a double contribution to activation energy: 
a temperature independent hopping energy and a temperatura dependent dis­
sociation energy function of the coherence length. 
The modal is used to account quantitatively for the conductivity curves. 

2) Concerning the silver ions materials 
In silver 8 ferrite (8 alumina type c~undl 2+silver metallic centers 
are directly formed by reduction of Aq by Fa and consequently the me­
chanism of metallic precipitation, which is probably at the origin of the 
electrolyte degradation in batteries, can be studied. 
This mec~anism c~ be summarized as foll~s : 
- Reduction of Aq conducting ions by Fa 
- clustering of silver atoms in two-dimensional agqregates 
- Growth of clusters which remain coherent with the 8 alumina lattice 
- Precipitation of metallic silver and collapse of the 8 alumina into a 

spinel-type structure. 

Jl Concer~ing the multivalent ion materials 
The Na cont~~t o~2;ich ~+or 8" alumina can ba3;eplaced by a variety of 
divalent (Sr , Cd , Pb •• ) or trivalent (Gd •• ) cations in simple 
ion exchange reactions and these materials exhibit multivalent conducti­
vities qreater than that known for any other multivalent conductor at 
low temperatura. When a 2-D local order is observed at all temperatures 
in multivalent rich B alumina, 8" ones can exhibit interplanar correla­
tions at low temperatura; due to polarization effects (host lattice or 
conductir.g ions) • · 
t~en the temperature increases, order-disorder tr&nsitions can be obser~ 
ved in S" alumina, with a cross-o;,er from a 3-D (short or lonq ranqa) 
order to a 2-0 local One. 

P29/BA-l5 

PREPARATION AND PROPERTIES OF Pb I" ALUMINA 

J. Tegenfeldt, J. D. DeNuzzio, and G. C. Farrington 

Department of Materials Science, University of Pennsylvania, 
3231 Walnut Street, Philadelphia, PA 19104, USA 

Pb a• alumina differ&· ·from other divalent cation substituted 
a• alumina& in several respects, including .the conductivity, 
which is remarkably high in the Pb-s~bstituted material. While 
preparing samples of Pb a• alumina by ion exchange of Na a• 
alumina single crystals we observe, under certain conditions, a 
weight change greater than that corresponding to 100 t 
exchange, suggesting that an excess of lead ions have entered 
the crystal during the exchange process. This would require 
charge compensation, for; example by oxygen moving into the 
crystal, making this material a potential candidate for oxygen 
ion conduction. We have investigated some of the properties of 
Pb a• alumina and their dependence on conditions of 
preparation and heat treatment, including measurements of 
spectroscopic properties in the mid- and far•infrared region. 
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STABILIZERS FOR BET A" -ALUMINA 

Maria Zaharescu. V_ift.Qr Stancovschi, Constanta Parlog, 
Nicolae Dragan. Ana Braileanu, Oorel Crisan and Tudor Surdeanu• 

ICECHIM-Cent.er of Physical Chemistry 
Spl. lndependentei 202 

Bucharest 
Romania 

'SINTEROM 
3400Ciuj 
Romania 

The stabilization process of beta"-alumina using additions of 
ions wit.h different charges has been investigated. The composition 
ranges. where the stabilization effect occurs have been determined. 

The stabilizing aptitude of the investigated bi-, tri- and 
t.ct.ravalent. ions has been correlated with the charge field of each 
ion, on t.he basis of the Dietzel-type approach. 

The influence of these additions on the microstructure of 
sintered beta"-alumina bodies has been investigated, and a 
comparative evaluation of the advantages and disadvantages of 
using such stabilizers with respect to the classical use of Li .. has 
been made. 

Pl/TH-22 

EFFECTS OF SELF-VIBRATIONS FOR HOPPING 
CONDUCTION 

Tadao lsh11 

Applied Physics, School of En&ineering, Okayama 
University, Okay••• 700, Japan 

Starting with the linearized master equation, we have recently 
presented a first-principles approach ~o hopping conduction to discuss an 
exact conductivity formula [1,2). The formula provides a systematic 
foundation for Hovaghar-Pohlmann-Schirmacher's Green function method [3), 
which can result in, for example, Odagaki-Lax's low frequency conductivi­
ty for the one-<llmenaional H-site chain (4,5). 

Solid electrolytes are the materials which have shown up a variety 
of behaviors on the frequency-<lependent conductivity o(w). One typical 
feature observed in common exists in the low-frequency region where the 
conductivity has the crossover from a diffusion process to an oscillatory 
behavior. This characteristic profile on the conductivity may partly 
originate from twofold motion of the mobile ions: the mobile ions vibrate 
around lattice sites, and hop from site to site. This has been discussed 
by extending the above conductivity formula to include the vibrational 
motion of particles [1) • 

The purpose of this paper is to .. inly discuss the temperature 
dependence of the conductivity, whose curves on the o(w)T - 1000/T plane 
display some interesting deviations fro• an activation type usually found. 
One of the interestin& deviations from the activation type of conductivi­
ty has been found by Fontanella, Wintersaill, Welcher, Chadwick and 
Andeen in some fluorides where they discussed the relation between·bound 
and free ion motion [6). 

Commensin& with the master equation we have the conductivity expre­
ssion 

0 uv(w) • ~·I(~)* "+-iw Q,.l+> 
w - 1w 

• o + o + a• 
R • s 

Q • R + S, w • w - it;. 

(1) 

(2) 

where iL: is the Liouvillian for the vibrational degree of freedom {:I• 
{S,§}. The asymptotes are, for example for a finite system, o(w)T • 
exp(-86){1 + f(w)/8 + g(w)/8} for w~ws when &+-, and o(w)T • exp(86) x 
{w2 + h(w) + k(w)/8} for ws>>w when &+0. 

[l) T.Ishii: Solid State Commun. 47 (1983) 717. 
(2] T.Ish11: unpublished' (submitted to Progr. Theor. Phys.). 
(3] B.Hovaghar, &.Pohlmann and w.~chirmacher: Phil. Hag. 841 (1980) 49. 
(4] T.Odagaki and H.Lax: Phys. Rev. Lett. 45 (1980) 847. --
(5] T.lshii: unpublished. --
(6] J.J.Fontanella, H.C.Wintersaill, P.J.Welcher, A.V.Chadwick and 

C.G.Andeen: Proc. Int. Conf. on Fast Ionic Transport in Solids, ed. 
J.B.Bates and C.C.Farrington (North-Holland, Amsterdam, 1981) p.585. 
See also U.Strom and K.L.Ngai: ibid. r.l67. 
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A NEW HYBRID SCHEME OF CGHPUTER SIMULATION lASED ON HADES 

AND MONTE CARLO: APPLICATION to IONIC CONDUCTIVITY IN yl+ DOPED CeOz 

c. E. !Nrch* 

Hateriele Science end Technology Dlvleion 
Argonne National Laboratory, Argonne, lL 60439 

A. D. Murrey and C. R. A. Cetlov 

Depert .. nt of Che•letry, Unlverelty College London, 
London WCIK OAJ, ENGLAND 

In the modeling of treneport and thermodyn .. ice of coaplex dleordered 
eollde, 1 reallatic computer ei•ulation ache .. haa long been required that 
avolde the very heavy deaande put on computer ti .. by MOlecular Dynaaice. 
Static relaxation codee, notably the HADES/CASCADE progr ... developed by 

.Catlov and covorkere, have provided reliable eeti .. tee of defect formation 
and algratlon energlee. Such calculetlone have been .. de for yl+ doped 
CeOz in vhlch energlee vere calculated for 30 varioue atomic envlronaente 
encountered by the anion vacancy (IJ. Kovever, the etatiatlcel aaaplin& 
of theee energiee to calculate enee•ble or tl .. avereged quantltiee euch 
11 chemical potantiale, d.c. ionic conductivitiee, and tracer diffueion 
coefflciente, ie a .oat difficult teak. To .. ka the proble• analytically 
tractable, groeely el•plifY1n& aaauaptiona need.to be .ada about the 
dhtrlbut1on of defactl and correlation effectl. 

In order to avoid theaa aeeuaptiona ve have recently ueed the Monte 
Carlo .. thod to provide the atatiatlcel aaaplina of the energlea in e tvo­
atage hybrid calculation of quite general applicability. In the caae of 
yl+ doped eeo2, the vacancy migration energlee vere firat calculated using 
the CASCADE progr... Next, a lar1• 50,000 elte lattice of Ceo2 containina 
yl+ lone (t..obile) and anion vacenciea vee generated. A veek d.c. elec­
tric field vee iapoeed. Vacancy ju•p• vere directed by etendard Monte 
Carlo procedure• [21 ln conjunction vith e feet pattern recognition 
algorith•· The reeulte for the d.c. ionic conductivity vere in very good 
egre ... nt vith the eaperlaentel data. The characterietlc aaxiaua in con­
ductivity and the correeponding ainiaua ln activation ener&J 11 a function 
of lncreaeina vacancy content vere faithfully reproduced. 

1. c. R. A. Catlov and S. C. Parker, in Co•puter Simulation of Solidi 
edited by C. a. A. Catlov and W. C. Hackrodt (Sprlnaer-Verlag, 
Berlin, 1982). 

2. G. !. MUrch in Dlffuelon in Cryetalline Solidi edited by G. E. MUrch 
and A. s. Novick (Acadeaic, Nev York, 1984), 

*work eupported by the U.S. Depart .. nt of Energy. 

P3/TH-l4 

EFFECTS OF SPACE CIWlGE AND NONUNIFORM TEMPERATUilE ON A 
SOLID STATE GALVANIC CELL 

Bruce K. Borey and Frederick K. Horne 
Department of Chemietry, Kichiaan State 
Univereity, East Laneina, Kl 48B24 

The complete eat of differential equationa of nonequilibrium 
thermodynamic• hea been solved for a aolid etate aalvanic cell con­
aiatina of einale electrolyte aandviched between electrodea. Electro­
neutrality ia not aeeumed anywhere, and it is therefore possible to 
asaeae the effect• of nonzero apace charae in the electrolyte near 
the electrodee. A apecial trenaformation of concentration varieblea 
into e "neutral" part and a "charae" part facilitatea both the 
analytical end the numerical aolution of the mathematical problem. 
Formulae ere obtained for the electric field, the ionic concentration, 
the space charae, the cell potential, and the efficiency of the cell 
et lteedy etate. lncluaion of apprppriate temperature aredient terma 
in all equations permits evaluation of the effect& of nonuniform 
temperature on all cell propertiea includina efficiency. For 
specificity, numerical resulte ere obtained for the particular aalvenic 
cell consiat.ina of cerium oxide doped vith celciua oxide aa the electo­
lyte contained between oxyaen electrodea, Efficiency ia enhanced - more 
current is produced with leaa ohmic loas - if the product Q*(AT) ia 
neaative, vith Q* the heat of trenaport of the ele':trolyte and At the 
temperature difference between the cathode and the anode, 
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CO~UTER SIMULATION STUD\' Of t-BISHUT!I OXIDE 

P.W.M. Jacobs and D.A. MacD6naill 

Department of Chemistry, University of Western Ontario, 
London, Ontario, Canada, N6A 587 

The 6-phase of 8iz03·has an exceptibnally high conic conductivity. 
Th\s is because only 3/4 of the available oxygen sites in the fluorite struc­
ture are occupied at any one .time. Bi3+-ai3+, Bi3+-o2-, and o2--o2- poten­
tials were· obtained from electron gas calculations; o2- shell-model para­
meters conformed to previous work on other oxides; the Bi3+-o2- potential 
parameters and the 8i3+ shell-charge and force constant were adjusted to 
eliminate lattice strains and to give reas~nable values of elastic and 
dielectric constants. Two models for the perfect crystal were investigated: 
the Gattow model, in which each o2- site is occupied for 3/4 of the time, 
and the Sillen model in which 3/4 of the o2- sites are occupied so that 
there· is a <lll> ordered superlattice of vacancies. The Gattow. model was 
si~ulated by scaling the pre-exponential and Van der Waals' terms in the 
o2--o2- ,potential by (3/4)2. The perfect crystal can be modelled success­
fully in this ~ay, but acute problems arise ~hen vacancies are introduced. 
Nevertheless our calculations showed that ·anion Frenkel defects, .with the 
interstitials at cube-centre sites, are not formed readily (ur=4.5 eV). 

In the Sillen model, if sufficiently high polarizabilities are used to 
give the dielectric constants correctly (assuming to(6)=to(o)) a displaced 
o2- ion oscillates in the neighbourhood of its lattice site. While this 
behaviour may be realistic, it makes it impossible to model the material 
satisfactorily. Consequently, a rigid-ion model was employed. A perfect 
<111> superlattice of vacancies is more stable than either a <110> or <100> 
superlattice. However, local <110> and <100> defects are thermodynamically 
stable by -4.3 eV and ~3.8 eV respectively. A <110> defect requires an 
activation energy of 0.68 eV; once one of these defects forms it catalyzes 
the formation of a second <110> defect which requires o~ly 0.09 eV. Thus 
our model for 6-Biz03 is an overall superlattice of <111> vacancies containing 
chains of <110> defects. o2- vacancies can form in the Sillen structure 
by the lattice o2- ion moving from an occupied lettice site to one of the 
normally vacant sites. (We term this a "pseudo- Frenkel" defect.) The 
vacancy is a charged defect and its motion leads to charge transport, in 
contrast to that of <110> defects which do not carry a charge. When a 
vacancy is_added to a <110> defect, the 'charged' and 'uncharged' vacancies 
became undistinguishable, so charge migration can occur by adding a vacancy 
to one end of a <110> string and removing it from the other end. The 
calculated activation energy for the motion of an isolated vacancy is 0.3 e\', 
in good agr~ement with experiment. This energy increases slightly if the 
o2- and Bi3+ are ltade polarizable, .but in general the rigid-ion model 
seems to be a good guide to the behaviour of Biz03. 
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MODF.L OF DIFFUSION LENGTHS 

Peter. Nwoye 0. Mbaeyi 
Division of'l'henretical Chemistry 

Univcrsii9 nfTeuhingen 
d· 7400 Tuebingen 1 

F.R.G. 

. In transpon procCSSC'\. the concepts of mobilities. diffusion (a~:cording to 
Ficks/l>arccy·s law') and hruwni<IO diffusion arc often treated as though they &rc 
whull~ mdcpendent of one another. lllesc concepiS arc interlinked to one another by 
cun,tmcung d}·nmnical models of the diffusion vari;~ble (for this purpose uo;c is made 
nf an appuximati\'C analytic fonn obtained by de,·eloping mechanical analogues of 
ditfusing uson~ tluidic systems -· .. Mechanical Models of L>iffuston and Relaxations," 
Sth Inter. Math. Modeling Conf.. llcrkeley 1985). Then dynamical r.:l~tionships 
between diiTusion and mobilities on the one hand. and mobilities and brownian 
diiTusiun un the other are established. On this basis. the actual diffusion lengths arc 
defined and fnnnulated in the fonn of (boundary) control models. Applications lO 
fast transpon. multiphasc llows in membranes arc used as guidelines (in the ca1C of 
ntemhranes .. the dependence of diffusion of thickness will feature in •• 8 ·l.aycr 
Dynamics (f.nergctics Models of lloundary layer Phenomena)" to appear in J>roc. 
Inter. Conf. on Num. Methods in Laminar and Turbulent l-1ows. Swansea. July 19115). 

' ' 
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• X-RAY AND NEUTRON SCATTERING FROM IO~lC MOTIONS IN SUPERIONtC CONDUCTORS 

P Vashisnta, Argonne National Laboratory, Argonne, IL 60439. 

EbbsjG and R Dejus, The Studsvik Science Research Laboratory 
S-611 82 NykOping, Sweden 

A model of the superionic conductor A11 2s is proposed and studied bv the 
molecular dynamics technique using effective ~air potentials. Interesting 
results have been obtained by Cava and McWhan who have studied the X-ray 
diffuse scattering in --A112s. They observe in the superionic phase aniso­
tropic discs of inten~itv ln the vicinity of the point Q

0
•(1.6.1,0). In 

addition Crier et al. in their inelastic neutron scattering experiments 
observe anomalous intensities similar to those observed in diffuse X-ray 
scattering. A low energv(-2meV) excitation is also observed in the non­
superionic phase which disappears in the superionic phase. A motivation 
for this work is to investigate if it is possible to describe structural 
and dynamical properties of superionic conductors such as AR2S using effec­
tive pairwise potentials. We have calculated the constant of self-diffusion 
for silver, the mean square displacement for sulfur, the partial pair distri­
bution functions and the density map of silver ions in the unit cell. In 
addition the X-ray and neutron diffuse intensities are calculated in the 
vicinity of Q . We find that the anistropic discs of intensity around Q 
are entirely 9ue to the correlated motions of AI! ions reflected in the 

0 

partial structure factor S ~ (Q) which in turn determines the diffuse 
scattering. Our interpretat'o~ is that the dynamic interference between Ag 
ions over the ran11e of the charge neutrality of 5-6 A, coupled with the fact 
that there are frequent octahedral to tetrahedral jumps as well as tetra­
hedral to tetrahedral Jumps in Ag

2
S leads to the anomalous intensity in the 

diffuse scattering. The phonon density of states, the frequency dependent 
ionic conductivity and the temperature dependence of the Haven's ratio are 
also calculated. The spectrum of density fluctuations, S(Q,w), is studied in 
the entire (Q,M) space. The intensities, line widths and temperature depen­
dence of the quasielastic peak and the low energy excitation agree with the 
inalastic ecattering experiments. 

1eava RJ and McWhan DB Phys Rev Lett 45.2046(1980) 
2crter BR, Shapiro SM and Cava RJ Phy~Rev 8~,3810(1984) 

P7/TH-28 

FK·MOOEL APPROACH TO A COUPLED CHAIN SYSTEM: 
JRO-OROER COMMENSURATE IONIC CONDUCTORS 

l. Takahashi, 1. Mannari and T. Ishii* 

Department of Physics, Faculty of Science 
Okayama University, Okayama 700, Japan. 

*Applied Physics, School of Engineering 
Okayama University, Okayama 700, Japan 

The Frenkel-Kontorowa (FK) model hal been extensively studied to 
understand the modulated structures with periods [1). In the study of. 
one-dimensional ionic conductors, Beyeler-Pietronero-Strassler have 
proposed a configurational model, a veraion of the FK model with a finite 
density of defect (2). Ishii have inveatigated the atatic structure 
factor by solving the transfer integral equation (TIE) for the FK model 
system to find rather a consistent result.with the experiment (3). 

Recently K-prideritea having the K+ ion density p•0.75 have been 
studied experimentally by electron diffraction and X-ray diffraction, and 
found that there exists an interchain coupltnc (4,5). 

The purpose of this paper is to study the FK~odel with 3rd-order 
commensurability where the natural spacina of chain ie a•4b/) with b 
being the period of substrate potential, and to discusa the equilibriua 
configurations, excitation spectrua, and theraod'"'•ic properties. The 
potential energy of the ayst .. is liVen by 

v • I a•x.y vm + vx,: 

V0 • rn T(an+l • an - a) Z + r n -¥-<1 - cos(Z11on/b)}, 

v - r ~.!.c < 1 x - y 1 - ~> 2 • n x - y 1 - !.> z} • xy n 2 n n Z n+l n 2 

(1) 

(2) 

()) 

where ·~ is the coupling constant and z ia the nuaber of neareat neighbor 
chains. In obtaining the configuration• and exc:·itation spectrua, we 
solve a set of coupled equations. 

1) ~-0: case of independent chain. There exist two configurations for 
ground state and aaddle state. The difference of their energies can be 
estimated aa, for example, 4E•O.Ol9 eV/3-particlea for ~b2/2•0.7S aV and 
U•O.lS eV. As to the excitation spectru• we have three· phonon branch•• 
with nonzero frequencies at q•O. The aap of the lowest excitation at q•O 
is evaluated as dw-0.0034 eV for the above parameters. 

ii) ~~0: coupled case. The ground ltate confiauration found froa eq.{ 
1) is quite consistent with the experimental observations of (4,5). 

Investigation of thermodynamic propertiea is now in progress by a 
numerical calculat-ion of the TIE for the lrd-order coaaensurate structure. 

(1) 
[2) 
(3) 

[4) 

[5) 

P.Bak: Rep. Progr. Phys. 45 (1982) 587. 
H.U.Beyeler, L.Pietronaro-and S.Strasaler: Phys. Rev. 822 {1980) 2988. 
T.Ishii: Solid State Commun. 48 (1983) 543, J. Phys. Soc. Jpn. 52 
(1983) 4066, J. Phys. Soc. Jp;:- 53 (1984) 2622. -
S.Suzuki, H.Tanaka, M.lshigame, T.Suemoto and Y.Shibata: unpublished 
(private coiiiiiiUnication). 
H.Terauchi, T.Futamura, T.Ishii and Y.Fujiki: J. Phya. Soc. Jpn. 1! 
(1984) 2311. 
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SDUCTURAL AND CONDUCTIVITY STVDl!S 1M 

A SODIUM-ZINC-SULFATE SYSTEM 

Villia A. Redman and Roae{ Fresh 
Dapart .. nt of Cheaiatry 
UDiveraity of Oklaho.e 

lo111a11, 01t. nou 
We have baaun a cDIDprehanaive etudy of the etructura and transport 

propartiea in a aodiua-ainc-aulfate eysc... A Dew coapound, Na6Zn(S04)4• 
2H2o, baa bean synthesized and the cryatal acructure datfrainad. Thia 
coapound cryacalliaaa in the triclinic apace aroup PI (C ) with one 
aolacular unit in the priaitiva call. The differential lharmal analyaia 
indicataa a loaa of vatar over the temperatura interval 185"-ZlO"C. 
The raaultina anhydroua compound than undaraoea a coaplax aariaa of 
phaaa tranaitiona at 356, 369 an4 381"C. The .. ltiDI point ia approxi­
mately 7oo•c. ·Conductivity .. aaur .. anta of praaaad pallata of tho 
anhydroua compound 8hov a complex tranaition into a htah conductivitY 
phaaa above 400"C with an activatiOn anaray of 0.61 av. The hiah 
taaparature deformation of tha praaaed pallaca auaaaata that the 
conductina phaaa 11 abo a plaatic phaaa. 

P9/AC-16 

tONIC CONDUCTIVITY OF SODlUH-NEPHELlNE SINGLE CRYSTALS. 

By H. Bllhm and· C. Roth, tnstitut fUr Hineraloaie clar Univarai­
tlt MUnster. D-4400 MUnster, Corrensatr. 24. 

The specific ionic conductivity of synthetic ainale cryata\1 
of Na-Napheline with the coapoaition 

M•a-a Al 8_
8 

si 8•• o 32 , o.o s a s 2.0 

baa bean determined as a functiun of frequency (O.IHz to IHHz) 
temperatura <zo•c . .. 7oo·~> ant. crystal orientation. 

Single crystals of ac~eptable size and quality have been irown 
from a Navo

3
-flux at about 10so•c. 

Impedance measurements ware carried out uaina the currant/vol­
tage technique; the exp~rimantal setup coneisted of a aicro­
coaputar-controlled frequ~ncy reaponea analyzer. 

One property which ia comaon to all coapoaitiona i1 the 
strona anisotropy of the specific ionic conductivity: 

The conductivity alona the cryetalloarapic c-axia ia laraar by 
a factor of 104 for. a•0.8 and by a factor of 102 for a•l.5, 
respectively. The difference in the aniaotropy ia aainly clue 
to a difference in. the specific conductivity alona c. It 
raachae values of up to 1.0· 10-l n-l·ca-1 at 700"C for a•O.a. 
Sinal• crystal• of a•0.8 exhibit an anoaaly in the iapedanca 
plot when compared to other eolid ionic conductora. Thia ano­
aaly reaulta in a dielectric conatant of about 4·10l (20"C, 
100 kHz) alona c, which increaaea with incraaaina teaparature. 
This "thermally activated dielectric conatant" aay be related 
to a jump proc•••· 
AC- and DC-exparimanta with Na-elactrodaa indicate that the 
anoaaloualy hiah dielectric conetant ia due to a bulk effect, 
not a eurfaca effect. 
The obaerved property of ainala cryatala'with a•O.I aay ba re­
lated to a flat potential barrier of about 0.2 av, wbich fa­
vours the local Na-dlffuaion at hi&b frequencies, whereas tba 
De-conductivity ia dataralnad by a blah barrier of about 1.0 
ev. 
The dielectric properties have bean etudlad as a function of 
stoichioaatl~y for varloul coapounde in the coapoeirion ranaa 
mentioned above. loth the roo• teaparatura dielectric conetant 
and the hiah taaparatura conductivity exhibit a discontinuity 
at about a•I.O. ·This obaarvatioa iadlcatal· that the two coa­
ponda considered (a•O.a. and e•l.5) aey be related to t~o dif­
ferent phasee. Structure deterainetione beve been carried out 
for both ~ompounda. They show tblt both ecructuree are cloeely 
related to the crystal structure of aatural Napballna. 

The oriain of the strona anisotropy aa wall •• the difference• 
in the dielectric propertlae are correlated vlth the raeultl 
of the structure detarainationa. 
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NMR STUDIES IN SINGLE CRYSTAL AND 
DISPERSED PHASE LITHUM IODIDEo 

+ + J.L. Bj~rkstam, D. Brtnkmlnn , M. Mali * 
J. Roos , J.B. Phipps and P.M. Skarstad 

Department of Electrical Engineering 
University of washington, Seattle, WA 98195. 
+Physik-lnstltut, University of Zurich 

8001 Zurich, Switzerland. 
*Medtronic, Inc. 

6700 Shingle Creek Parkway 
Brooklyn Ctr., MN 55430 

The Introduction of a dispersed phase component of ~03 , SI02, etc. 
into slntered Ltl has been reported to give ordtr of magnitude enhance-
ment of Li+ conductivity. We have carried out nuclear magnetic resonance 
(NMR) studies of spin-lattice-relaxation time T1, line narrowing and pulsed­
magnetic-field-gradient diffusion on a large range of caepostttons, tn­
cludtng stngle crystal Ltl, over the temperature range from 80-7DOK. It is 
thus possible to separate the contributions of bulk and tnterfactal transport 
to the 7Lt spectral and relaxation results. The substantial differences 
whtch we observl depend upon composition, mean gratn size, stntertng methods, 
etc. We relate these NMR data to conductivity results which have been pre­
viously reported (Phtpps and Whttelore, Soltd State lontcs 9 l 10 (1983) 
123-130). 
0Supported in part by U.S. Department of Energy Grant DE-FG06-84ER 45065. 
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LITHIUM ION AND PROTON CONDUCTORS IN THE SYSTEM A8(IVlz(P04l3 (B•TI, Zr, HCl . 

H. A. Subramanian, R. Subramanian an~ A. Cleartlel~ 
Department oC Chemistry 

Texas A&H University 
Collese Station, Texaa 77843 

In or~er to lnllestlaate the errect or framework cation substitution on the Ll 
ton con~uctlvlty In the system AB(IV) 1 (PO.l 1 , wf have prepare~ coapoun~s or the 
type LI, •• TI 1 •• H.(P0,) 1 (H•Sc, Gal, LI, •• HC 1 •• In.<P0.) 1 , LIZr, •• TI.(P0.) 1 an~ 

Ll, •• zr, •• sc.(PO.l,. In the system LI, •• Tt 1 •• H.(P0.) 1 , X-ray ~lrrractlon 
analysis shows the rormatlon or rhombohe~ral soli~ solutlone, the limite or 
which ~epen~ on the slze or the H1 • cation, the smaller the size the laraer the 
value or x. tn the system LIZr 1 •• TI.(P0.) 1 , the compoun~ In the composition 
ranae 0.5 <. x s 1.5 aave X-ray·~lrrrectlon patterna with broa~ene~ rerlectlone 
while all the patterns outsl~e this compoal.tlon except LIZr 1 (PO.) 1 were 
hexaaonal. Ionic con~uctlvlty measurements were pertor.ed on all these solid 
solutions an~ the results will be ~lscuased In relation to the nuaber or 
con~uctors an~ rramework size. 

We have also synthesized compounds or the type AZr 1 (PO.l 1 (A.•NH., H10 and H) 
with the aim or obtalnlnl proton condu~tors In the above syst... The compound; 
NH,Zr 1 (PO.l, was obtained bY hydrothermal treat .. nt or Zr(NH.P0.) 1 • Two ror.a · 
or HZr 1 (PO.l 1 were obtained, a rno.bohedral phase stable above 60o•c and a aore 
stable low temperature phase with a complex etructure, Altnouan HZr 1 (P0.) 1 

remalne~ anhy~rous at·or~lnary conditione, (H 10)Zri<PO.l 1 .was prepared by 
rerluxlna In water or un~er hydrothermal condltlona. The compounda were 
characterzle~ bY x-ray, IR and thermal methods. lie nave also attempted to 
synthesize NH,• an~ H10• substltued naalcons or the type Na, •• l.ZrScSIP10 11 • 

tonic aonductlvlty ~ta or the above compounds will alao be presented. 
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PLASTIC CRYSTAL FAST ti+ ION CONDUCTORS (PLICFICS) 

FOR 25-lOO'C APPLICATIONS 

E. I. Cooper and C. A. Angell 
Departoent of Chemistry 

Purdue University 
West Lafayette, Indiana 47907 

One of the great advantages of the polymer-salt type solid electrolyte 
is the fact that the electrolyte can change shape under mechanical stress 
uithout failure. A disadvantage is that anion transport numbers are not zero. 
We think the former advantage can be had without the latter disadvantage by 
using an appropriate anion rotator phase in which the cation or one of the 
cations is mobile. Li 2SO~ is the prototype material of this type but is 
li~ited to bigh temperature applications.· We describe a low temperature 
material--a double salt of LiBF~ and ethoxy ethyldimethyl ammonium fluoro­
borate which may conduct in the same manner, which exhibits a strong dis­
ordering transition at -90"C, and which at 70'C conducts almost as well as 
the best polyethylene oxide + Li salt combination reported to date. Some 
variants on this theme and their properties and performance will also be 
described. 

~·. 
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IONIC CONDUCTIVITY IN COMPOUNDS BASED ON CHEMICAL 

SUBSTITUTIONS IN Na 2ZnSi0 4 • 

J.Crina 

Department of Inoraanic Chemiatry, Arrheniua Laboratory, 

Univer1ity of Stockhola, S-106-91 Stockhola, Svaden. 

ABSTilACT 

Variou1 compound• baaed on cheaical aubltitutiona in 

Na
1

ZnSi0
4 

vere prepared by aolid atata reaction in air 

(i) "'z-xZnSi 1_xPxo 4 vith 0 ~ x S 0.45 , 

(ii) Nal.B5Zn0.92S+x/2Si1.07S-lx/2Px04 vith 0 ~ x S 0.15 
and (iii) N•z-xZn 1_xG•xSio4 vith 0 S x S l.The aataria1a vera 

characterized by their X-ray povder photoar••• and the ionic 

conductivitiea daterained by impedance aea1~raaeata at diffe­

rent tempereturea. The beat conductor• are found to be lao­

typic vith the hiah-taaparatura fora of Na 2ZnSio 4 .Tha phoapho­

rou•-aubatitutad coapounda {i) exhibit a aaxiaa in conductivi• 
-l -1 

ty at 600 ~ of 1.3•10 (~ca) for coapoaitiona a • O.OS -

0.15. The coapoundl (ii) ahov • linear deer•••• in coaducti• 

vity at 600 ~from 1.0•10-2 (J\ca)-1 for a • 0 to 6.6•10-
4 

(Jlcm)- 1 for a • o.lS. The aa11iua coapounda (iii) ahov a 

maxima in conductivity of 2.1•10- 3 (/\ca)-l at 600 ~ for a • 

0.05.The conductivity data era compared vith ~ravioua1y ob­

tained reau1ta for the aodiua ainc ai1icataa .a.zn.12si 2_.12o 4 
t 2 2 X 2: l. 25, 
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RAMAN SPECTRA OF SOLID SULPHATE ELECTROLYTES; PADDLE WHEEL MIGRATION DUE TO 
REORIENTATIONAL MOTION 

L. Borjesson and L. M. Torell 
Department of Phys1cs, Chalmers University of Technology, 
S-412 96 Gothenburg, SWeden 

In solid sulphate electrolytes the superionic phases are characterized by a 
high degree of orientational oxygen disorder. This together with a high 
latent heat compared to the heat of fusion suggest a.premelting process 
with rapid rotational re-ordering of the sulphate groups. In view of the 
broad variety of possible mobile ionic species in sulphate-based solid 
electrolytes a migration model has been suggested, the "paddle-wheel" 
model, where rotations of the sulphate ions have been proposed to enhance 
the cation diffusion and thus explain the high conductivity. In the present 
work Raman scattering has been used to investigate the dynamics of the 
sulphate ions in solid sulphate electrolytes. Raman spectra of fcc-Li 1S04, 
bcc-LiAgSO and bct·liNaS04 have been recorded across the.entire temperature 
range of stability of each compound. Comparison of polarized and depolarized 
spectralbandwidths for the symmetric A sulphate internal mode permits a . 
component due to· the sulphate ion reorlentation to be separated, which con­
firms the plastic behaviour of the superionic phases of the three crystals. 
In case of Li 2S04 the derived reorientation time corresponds well with the 
value,Z ps, recently reported on the basis of computer simulation studies. 
Our measurements are precise enough to yield the temperature dependence of 
the reorientation time in each type of crystal. These values are suffici­
ently close to the temperature dependence of the cation diffusion to con­
stitute a support-of the •paddle-wheel" migration postulate for this type 
of plastic crystal. 
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109Ag NMR INVESTIGATIONS OP THE SUPERIONIC GLASSES 

(Agi)x·(Ag20·n 8203)1-x 

Steve W. Martin 

Department of Chemistry, Purdue University, West Lafayette 

~d 

M. Mali, J. Roos, ~d D. Brinkmann 

Pbysik-Institut, University of Zurich, oOOl Zurich, Svitzerl~d 

Recent interest (1,2) in superionic glasses based upon in large part Agi 

bas produced a vide range of glasses exhibiting an ionic conductivity as 

high as (1 -.5)xl0-2 
(n cm)-l at room temperature. iletailed information on 

the microscopic processes involved in the conduction events, bovever, is 

~uite lacking. Previous NMR studies (3) of the stationary 11a nuclei per­

formed near and above the glass tr~sition temperature, have dealed vith 

the dynamics of the borate units. 

ih tnis paper we report on the first NMR investigation of the mobile 

silver ions. }leasurements of the spin-lattice relaxation, the linewidth, 

~d the intensity of the 109Ag signal were initiated. Preliminary results 

for an • 2, x • 0.65 sample yield very lov apparent activation energies 

for the processes which are responsible for relaxation (0.04 eV) and 

line~idth (0.11 eV), respectively. The correlation time of the relaxa­

tion ~recess is 1.6 x 10-B s at room temperature. For comparison, in 

crJstallioe RbAg4t
5 

the same correlation time is reach~d.already at 

140 K (4). At present, no indication for the existence of tVO types or 

silver ions differing st~ongly in mobility is found. Further studies on 

samples with various values of x and n together with ~ NMR determination 

of the Ag self-diffusion coefficient are in progress. 

(1) G. Chiodelli, G. Campari Vigllllo, G. Flor, A. Magistris, M. Villa, 

Solid State Ionics 6 (1983) ·311. 

(2) G. Robert·, J.P. ~lalugani, A. Saide, Solid State Ionics 3/4 

( 1981) 311. 

( 3) G. Chiodelli, A •. Magistris, M. Villa, J .L. Bjorkstam, 

J. of llor.-Crys.talline Solids 51 (1982) 143. 

(") H. Looser, D. Brinkmann, H. Mali, J. Roos, Solid State Ionics 5 

( PSl) 485. 
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TRANSPORT AND THERMODYNAMIC PROPERTIES 
OP A&I - Ag OXYSALT(S) CLASSES 

Alberto Schiraldi, Ellsabeti:a· Pezz~u• and Pri1110 Baldini 
Dipartlunto di Chioaica Pillca, ·universlta • di Pavia 

Viale Tar ... lli 16, 27100 Pavia, Italy 
Centro dl Studio per la Termodlnamlca ed Elettrochlmlca 
del s1stem1 aalini fusi e aol1d1 del CNR, Pavia (Italy) 

A number of glasses showins a high ionic conductivity at room 
temperature has been recosnized in the ayatema Agi-AgzO-Kn0m 1 

where !!,Om is a Lewis acid which •. 
Studies concerning such glaaaea are apread over many experimen­
tal and theoretical work• (1-121, mainly dealing with the compo­
sition-structure-transport correlation. 
HoveveY, only systems showtns s vtde slaaa formation region allow 
a reliable achievement of thia aim, inaamuch aa they provide a 
suitable composition range to verify tha actual role of the Agi 
content. 
It is indeed possible to state that the silver ion population of 
these glasses is to be shared into two subtype&, viz., tha mobile 
ions, coming from Agt, and thoae, coming from the Ag oxysalt, 
practically restinl in fixed posltlona. Thaaa two A&+ apeciaa are 
in thermodynamic equilibrium and their mixture may be described 
as a regular solution. Tha latter statement comea from the ap­
proach to the thermodynamic propartlaa of these iona via thermo­
electric pover determination• carried out with silver electrodes 
thermocells. 
It has also been verified (within the errors involved in the 
extrapolation of the molar heat-temperature trend of the Agi 
standard modification•) that the ideal compoaition limit of these 
glaaaea, viz., N(Agi) • I, actually corrasponda to the hypo­
thetical glaaay Agl which would be obtained by quenching the 
melt, inasmuch aa the latter would have the .... glaaa tranai­
tlon temperatura and tha .... entropy. 

1. A.Schiraldi, Electrochla.Acta, 23 (1978) 1039 
2. J.P.Malug'anl, A.Wanlanki, M.Doraau, G.Robert and A.Al 

Rikabi, Hat.Res.Bull., 13 (1978) 427 
J.P.Maluganl, A.Wan1evak1, M.Doraau, C.Robert and R.Marcler, 
ibidem, 13 (1978) 1009 

3. J.L.Souquet, Alln.Rev.Mater.Scl.,ll (1981) 211 
4. M.D.Ingrsa and C.A.Vincent, Ann.Rap.A Chem.Soc.London(l977) 23 
5. S.W.Martln and A.Schlraldi, "Formation of high conductivity 

glaasea in tha ayatea A&I-AgP03-Ag]A•04",to be published 
6. T.Hinami ·and· H.Tanaka, Rav.Ch1m.H1n., 16 (1979) 283 
7 •. T.Hinamt, H.Nambu and M.Tanaka, J.As.Cer.Soc., 60 (1977) 283 
8. A.Magiatria, C.Ch1odell1 and A.Schiraldt, Electroch1m.Acta,24 

( 1979) 203 
9~ G.Chtodelli, A.Magtstrh, ·M.Villa and J.L.Bjorkatsm, J.Non 

Cryst.Sol.,51 (1982) 143 
10. G.Chiodellt, C.Camparl Ytgano', G.Flor, A.Magistria and 

M.Villa, Sol.Stat.Ion1ca,8 (1983) 311 
II. s.W.Martin and A.Schiraldi, J.Phys.Chem. (1985) to appear 

· 12. A.Schiraldl, !.Peuati and P.Baldini, ibidem, to appear 
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BRILLOUIN SCATTERING IN a·Agi AND Agi RICH GLASSES 

L. Bo~sson and L. M. Torell 
Depar- n£ of Physics, Chalmer-s Univer-sity of Technology 
S-412 96 Gothenbur-g, S.eden 

Br-illouin scatter-ing exper-iments have been per-for-med in single cr-ystals of 
super-ionic a·Agi to get a better understanding of the cation dynamics and 
how it depends on structure. Spectra were obtained at different crystal 
orientations and temper-atures. The longitudinal and the strongest transverse 
acoustic modes with phonon frequencies of 9.6-11.3 GHz and 4.1-5.5 GHz 
r-espectively, were present in most of·the spectra, whereas the second 
tr-ansver-se mode (7.8-8.2 GHz) was ver-y weak and only obser-vable in a few 
spectr-a. Longitudinal phononl ~ave been observed in Brillouin spectr-a of 
a·Agl in other laborator-ies • but so far no obser"Yations of any of the 
two tr-ansver-se peaks have been r-eported. From the measured frequency shifts 
the longitudinal and the transver-se hypersonic velocities can be calculated 
as, well as the elastic constants. For the3hyl!trsonic velocities t~e Ofien­
tation dependent values ar-e (1.68-l.g7)x10 ms and (0.72-0.96)xl0 ms· 
for the longitudinal and the strongest transverse phonon respectively. The 
elastic constants could only be estimated since the crystals so far wer-e 
unor-iented. 

Br-illouin scatter-ing have also been perfor-med In superiontc (Agi)x(AgP03)1_x 
glasses for x•O.O, 0.1, 0.3, 0.4, 0.5. Both longitudinal and transverse 
modes were obtained and their- fr-equencyshiftsas a function of temperature 
wer-e measur-ed to determine the elastic constants. The velocity data extra­
polate linear-ly to those of a-Agi in support of a microdomain model, 
which suggests that the intr-oduction of Agl does not effect the glass 
networ-k chemically but tends to repr-oduce, on the local level, micro­
domains of pure a·Agl. 

I. Winterling, G; Senn, W; Grimsditch, M; Katiyar, R; Proc. Inter-n. Conf. 
on Lattice dynamics, ed. M. Balkanski (Flammarion, Par-is, 1g77) 

2. Sasaki, W; Sasaki, Y; Ushioda, S; Taylor-, W; J. Phys. Colloq. 42 
( 1981) C6-181 . 
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HEAT ~APACITY OF G~ASSY IONIC CO~~UCTORS (Agi)x{Ag 20.2B~O))l-x 
BE7WEE~ 1.5 AND 40 K. -

A. Avogadro, S. Aldrovandi ~nd ~. Borsa. 

Dipartimento di Fisica ''A. Volta'' e Gruppo ~a:ionale ii St~uttu­
ra della Materi~, Via 9aasi 6, 271JO PA~IA (It~ly). 

The glassy ionio.conductQr~ (Aiilx(Ag?0.2~ 2~ 1 l 1 _~ ~~ve ~ttrac~ed 
a great deal of >nterestll.l because or the h1g!l 10n1C condu·:t1v·~," 
ity at roc~ te~peraiure which ca~ be controlled over a large in~. 
terval by ch~n~ing the glass. composition x. ~eas~re~ents of spe~ 
cific heat ~~lJ importa~t irif~rmation about the integrated spec­
trum of the excitations which in our case m~y be expected to be· 
anomalous because of both the superionic pr~pert\es and the gla~ 
sy state of the matrix. Previous measurements (2 at high ~empe£ 
ature of specific heat have shovn an almost linear increase by 
i·ncreasing temperature in samples 1With x • 0 and X • 0.5. Mere 
ve present measurement3 of-heat capacity, performed by means of 
a high resolution ~diabati~ calorimeter in the temperature range 
1.5 + 40 K, for SS'IIples vith X • 0, .2, .5, .65. The measure­
ments plotted as ~ display a max'i"mum centered at about 6 + 8 K 
vhose amplitude a~ position depen~ ~~on the x value of glass 
composition. The extra contribution to the·beat capacity (vith 
respect to the Debye term jue to acoustic phonons) can be inter­
preted formally in terms of lov frequency optical or local modes 
and it appears to be a common feature of amorphous materials and 
anharmonic crystals. In the present case the microscopic origin 
of the above mentioned low energy excitations is discussed in 
relation to the known trans~ort properties. Moreover. we discuss 
the possibility to interpret the temperature behavior or the 
~~at capacity over the vhole temperature range (from·O °K up to 
the glass transition temperature) by considering the contribution 
of the normal elastic phonon modes and the anharmonic or local 
modes originated by the motion or Ag ions in the so 3- ~0 4 net­
works. 

(11 G. Carini, M~ Cutron(, A. Foni~n- •. G .. Mariotto and F. Rocca, 
Phys. Rev. 8 2~,. 3567 (1?8li) and references ·therein. 

(2) A. Avogadro, A. Dvorkin, P. F~rloni, M. Chelf~stein, A. Magi 
stris, H. S:warc, S, 1'oscani; J .• of Non-Crystalline Solid3 
~. 17'l (19d3). . ' 
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STUDIES ON MIXED-ANION Agi-Ag2Mo04-Ag
2
Se0

4 
GLASS-FORMING FAST ION CONDUCTORS 

Hemlata Senapati 
Solid State and Structural Chemistry Unit 

Indian Institute of Science 
Bangalore - 560012 

India 

Glass-formation in systems containing Agl and mixtures of 
divalent tetrahedraloxyanions like MoOi-. SeOi- and Woi- has 
been investigated. The infrared spectra, glass transition tempera­
tures and conductivity (a) behaviour of glasses in the 
Agi-Ag2Mo04-Ag:zSe04 system have been studied. It is found that 
glass-formation in the xAgi-Ag2Mo04-zAg2Se04 system is 
particularly easy and extensive, ranging from 45 to 85 mole percent 
Agl, the glasses exhibiting values as high as 5xto-3 ohm-• cm-1 at 
ambient temperatures. While keeping the value of x constant, it is 
possible to vary the oxyanion ratio y/z continuously between the 
binary limits. This yields a series of glasses where the Agl content is 
fixed and the total number of Ag + ions is also being held constant. 
It thus becomes possible to decant out the contribution of the 
nature (size/polarizability) of the oxyanion-matrix to properties like 
glass-transition temperatures, conductivity values and energies of 
activation. 
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SUPERIONIC CONDUCTING GLASS: GLASS FORMATION AND 

CONDUCTIVITY IN THE IAqi)x-(Aq3As04ls~x SYSTEM. 

K.A.Muru,esamoorthi, K.Hariharan and S.Radhakrishna 
Department of Physics 

Indian Institute of Technoloqy 
Madras 600 036 INDIA. 

Studies on superionic conductinq qlasf hfve assumed 
importance since hiqh conductivities I 10- ~- cm-1) at room 
temperature have been reported in contrast to ordinary insula­
ting qlasses such as silicates.borates and so on. The present 
work deals with the studie1 on qlass formation, structure and 
electrical conductivities on IAqilx-CAq1As04ls-x solid elect­
rolyte system. The samples were prepared by heatinq the evacu­
ated qlass ampoules containinq the appropriate quantities of 
the materials at 4S~C for forty eight hours and quenchinq in 
liquid Nitrogen. The x-ray diffractoqrams of the samples 
confirmed.the glassy nature of the materials formed. The 
electrical conductivity of the pulverized qlasses pressed 
together with electrode mixtures of silver and qlass 11:2 by 
weiqht) under 3000 Kq/cm2 to form pellets of 10 mm diameter,were 
carried out in the temperature ranqe 300 K to 365 K at 1 KHz. 
Also conductivity measurements on polycrystalline samples 
have been carried for the sake of comparison • The ionic 
conductivity of the qlassy sample was hiqher than that of the 
po1ycrystalline sample at any temperature. It is found to 
have the hiqhest conductivity (0.016,a.;-1cm-1) which is one order 
of maqnitude higher than that for the correspondinq poly­
crystalline sample(0.004,;lcm-l). The activation enerqies 
ranqed from 0.33 ev to 0.4 ev and increased with the decrease 
in conductivity. It is to be noted that the activation enerqi­
es of the glassy samples were larqer by~0.1 ev than that of 
the correspondinq polycrystalline sample. Conductivity measur­
ements on annealed qlassy samples indicate that the conducti­
vity decreases with the tiDe of annealinq, reaching a constant 
value whicn is less than that of the polycrystalline sample. 
Electronic conductivities of the samples were obtained by 
usinq Waqner•s polariz•tioo cell technique with the confiqura­
tion;. Aq/Electrolyte/C. Glalisy material of the composition 
4Aqi-Aq1As04 was found to have low electronic conductivity, 
the value of which increases with the chanqe in composition. 

A typical qalvanic cell with qlassy sample of the 
composition 4Aqi-Aq Aao4 as electrolyte havinq the confiqura­
tion (Aq,ElectrolytA/Glassy Electrolyte/ C,Iz, Electrolyte) 
has been constructed and ita discharqe characteristics 
investigated. 
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SIMULTANEOUS PROTON AND OXYGEN ION TRANSPORT IN SOLID 
MOLYBDIC ACID DUE TO POSSIBLE ELECTROLYSIS OF INTERLAYER 

WATER OF CRYSTALLISATION 

BY 

S. Chandra, B. Singh and N. Singh 
Physics Department, Banaras Hindu University, Varanasl, India 

Molybdic acid is an aquoxi~e with both coordinated and inter layer 
hydrated water molecules. Each coordinated water molecule donates its 
hydrogen atoms to two interlayer water. Each interlayer water donates 
one. hydrogen to an W1Shared oxygen in the next layer and the other to a 
weak ~ifurcated bond of a coordinated water molecule and an oxygen 
shared between octahedra. While exploring this material as a possible 
proton conductor, we came across deflnlte evidence showing electrolysis 
of inter layer water or crystalllsation which gl ve rise to Interesting 
ion transport and physical properties. Briefly, these can be stated as 
follows: 

(i) DIRECT CURRENT ELECTROLYSIS OR COULOMETRY: A sample pellet was 
kept in a specially designed coulometer similar to that used by S. 
Chandra and N. Singh (J. Phys. C. 16, 3081, 1983) with an additional 
provision for measuring voll.llles of gases evolved both at the cathode 
and anode. It was round that hydrogen and oxygen are evolved 
respectively at the cathode and anode. 

(11) IR AND LASER RAMAN SPECTRA : After electrolysis, the anode 
side became yelowlsh while there was only a slight change in whi tlsh 
shade of Md>1.21120 at the cathode. The IR and laser Raman analysis or 
the samples near the two electrodes shOw that the dihydrate Hd>l'2Hz0 
has been changed to yellc:w monohydrate Hd>3.H2o at the anode while at 
the cathode white monohydrate or -Md>1.Hz0 is ronned. This conrtnns 
our hypothesis of likely electrolysis or water of crystallisation. 

(iii) ELECTRICAL CONDUCTIVITY : The following significant 
observations were made : (a) the a.c. electrical oonductivity is a 
function of signal level, (b) this effect was more prominent at low 
frequencies (100 Hz) than at frequencies greater than 10 KHz, (c) 
the a.c. conduct! vity increased with simultaneous application of d.c. 
bias, (d) the conductivity decreased more rapidly with time in vacuum 
than in humid atmosphere on constant application or electrical signal. 
These observations fit a transport mechanism where the role or ions 
obtained by electrolysis is considered. 

(lv) NMR UNDER D.C. BIAS : Variation of NMR line wtdth with 
temperature and d.c. bias has been studied. On application of d.c. 
bias, a narrow line shoulder appears superimposed over a broad proton 
resonance line. This indicates that protons attached to one of the two 
water molecules of Mo0 3.zH2o have only been made mobile. It is 
suggested that NMR study under ~.c. bias could be an interesting tool 
for the study of solid electrolytes in general. 
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RAPID ION TRANSPORT IN COMPOSITE ELECTROLYTES 

By 

A. C. Khandhr andJ. B. Wa1ner, Jr. 
Center for Solid State 5coence 

Arizona State University 
Tempe, AZ 15217 USA 

During the past several years. several investi'!lators have reported on the 
·anomalous enhancement in conduction in electrolytes containing a dispersion 
of sub-micron sized insulating particles such as AI20J and Si02• This effect 
has been commercially exploited with the successful use of Lit- AI20J com­
posite electrolyte batteries. Yet, the mechanism responsible for the enhance­
ment In conductivity has not· been completely explained. In this paper. we 
have systematically investigated the effect of water or the •cfegree of drynen" 
of the dispersoid and Its role in determining the m•gnilude of the enhancement 
in Lil- composite electrolytes. Conductivity datil from 291 K to within 10• 
of the melting point of the host electrolyte materiill, at 100Hz to 10 kHr will 
be presented. These results will be supplemented with thermogravimetric lTC AI 
data and differential scanning calorimetry IDSCI data on the composite elec­
trolytes. Recent work on the LiBr- H20 system indicates the presence of the 
hemihydrate phase. Our DSC data on the Lll system shows behavior similar to 
the LiBr case. but the TCA data are Inconclusive and more work Is in progress 
to resolve this. • 

Finally, recently obtained data on Lll composites containing zeolites as the 
dispersoid will be presented. The conductivity enhancement is about 2 orders 
of magnitude and the behavior with respect to temperature is unusual in com­
parison to composites containing AllOJ or SiOz. NMR inveatigatl- on these 
electrolyte composites - currently in progress. Our preliminary result.l lead 
us to speculate that zeolite composites may be useful in addressing - elec­
trode/electrolyte interface problems prevalent at high drain rates in solid state 
Li batteries. The :J-D cha-1 network structure of the zeolite Is likely to pro­
vide rapid conduction paths with relatively longer diffusion lengths thus making 
zeolite dispersed Lit a better candidate for - in batteries. 
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EllTnO:>Y EFFECTS IN IOtHC CO~DUCl!Vlt:Y 

D.P. Almond, 
University of Bath, 
School of ~laterials Science, 
Cl aver ton Dolin, B.; th BA2 7AY,. U.K. 

A.R. West, 
University of Aberdeen, 
Dept. of Chemistry, 
Heston Walk, Aberdeen AB9 2UE, U.K. 

Estimates of the entropy of activation for conduction show that 

it is a principal source of variation in the ~~gnitude of_the conductivity 

preexponential factor· for a wide varietyof solid electrolytes. Different 

ldnd>of ent•·opy effect are proposed. In materials that conduct by a simole 

activated hopping m!cha!lism and that c::hibit a disordering tr;:nsition in 

the mobile ion sublattice, the entropy term may be estimated using S = E/Td 

where E is the activation energy for conduction at temperatures well below 

the disordering temperature, Td. For materials that conduct by an intersti­

tia ley mechanism or some other cooperative process, the· magnitude of the 

entropy is reduced and may be negative. 

Entropy data have been analysed· for a variety of. solid electrolytes. 

Thfs has _permitted a general rationalisation of the entropy term and the 

establishMent uf .1 correlation between entropy, crystal structure and 

conduction mechan-ism. 
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STABlLltt or ALKALI tON-CONDUCTING SOLID AID LIQUID ELECTROLYTES; 
nt!IKODYIIAittC ASPICTS 

Gerhard Deublala aad Robert A. Hu111aa 

Department of Katariala Sclaace and Ea1iaaerla1 

Stanford Uaheralty 

Stanf·ord-, :e& 94305 

While mGat of the attention baa been liven ln recent ,.ara to the quea­

tloa of the ~~a~n.ltude of the ionic conducttvlty of aolld electrolytea, their 

acteatiflc and tecbnololical appllcatlona are often actually Uute4 _by their 

decoapoaitioa or reactioaa with apeciea in the electrodea. 

Thta probln. le eapecielly acute ln the cue of alkali lon-conductlnl 

elactrolytaa,. due to the 1raat relative atabillty of altemethe alkali loa­

contalnlnl phaeaa that are potential reaction product•• 

The tendency for decoapoalttoa and reacttona vlth the electrod .. cu be 

uaderatood ln teraa of the~ynealc cOnalderatloaa. The principle• that are 

l"ovohed lo aeaaaato1 the atabUlty of ·both bloary and ternary electrolyua. 

aa nll ae eaperlMatal techalquea that can be uae4 for their deter.taatton 

will be revt-d. 

ExperlMntal raeulta ae nll • predlctlona of the atablllty vlodow of 

aevual nav aolld and Uquld electrolytea will be praaaate4. Thla. will 

include aevarel fealll .. of bydroalde and hydrlde-coatalnlftl .. terlala. 
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SUUCTURE OF ADDl Tl V ES n II-ALUMINA AND ZIRCOIIIA SUPEIUOIUC COHDUCTOIIS 1 

W.L. Rotha. R. Wonga, A.I. Goldcu•b, E. Canovab, Y.H. Kaob, B. Dunne 
a. Departu~nt of Physics, S.U.N.Y. Albany, Alb~ny, NY ll222 
b. &epilrtment of Physics, S.U.N.Y. Stony Brook, Stony Br·uCik, NY 117Y4 
<:. Do:partmo:nt of Hat10r·ials Science; U.C.L.A., Los Arilid10s, CA 0~924 

A<I<IHivu that are cot~~~oonly terme<l stabilizers must be incorporato:<l in 
many com.,oun<ls to obtdn structur·IIS which exhibit supt:rionic conclu~tiv ity. 
Hen w" consider so<lium cor.<lucto~~ with th

2
e+ rho~:~boh~dral Jl"-alumirlil structure 

which has been stabiliZe<! by Zn and Co and oxygen con<luctors with the 
cut>ic z;irconia structure which has been stabilize<! with <lifferent 
concentrations of yl•. Although the aver· age crystal structures of these 
compoun<ls have bun <1eto:r11:ine<l by x-ray an<l neutr·on diffraction. the local 
structuro.s in th" vicinity of the a<lditives and the host ion& arb not kr.own, 
~ince o:lastic scattering fives only the average atomic arrangement of ions in 
scli<l solution. In ~~~ Y + replaces zr4• in the cation sublattice, and char§e 
i~ com"ensated by 0 vacanciesr in 11"-alumina, the st•biliz;ers replace Al • 
iCihS ir. to.trahr.drally courdinate<i All21 sites. We t.ave used Exten<le<l X-R!t 
A~~orptiul• f"in~ Structure IEXAFSI tc investigc.te th& l'1cal strucfure c.f Y 
an<i Zr4+ in yttria-stabili:z.~:<l :z.ir·conira (YSZI -anci of Zn + an<l Co + that ar1: 
ir.corporated to stabUi:r.e Na ll"-al~~~~>ina. The local struct10re of Hn impl~&~~te<l 

at t.igh energy in Na p-alumina has also been <letermlne<lr particle 
backscattering and channeling studies were previously reporte<l' 

Absorption spectra were taken at ro0111 temperature above both the Y an<l 
Zr K-e4ges of YSZ compo10nds ranging from 9.4 to 24 mole percent 1103 and above 
the Zn, Co, and Hn K-eQ&es of the stabili:r.e<l an<l implanted jl-aluminas. Spectra 
of zro2• SrSr03, CaZro3, Y2o3 , ZnO, CoO, CoA12o4, HnO an<l HnA12o4 were 
collected for use as mo<IE:l cogpoun<ls. It bas been foun<l that there are 
substantial <lifferences in the local structure of the a<lditive an<l host ions 
in solid solutior •• In YSZ, tb11 Y-D bon<l leD&ths are longer than th1 Zr-o bon<l 
lE:ngths, an<l the oxygen vacancies are preferentially bound to the Y • ions. tn 
P'-al~ina. the Zn-o an<l co-o bon<l <listances are longer than the average ui -
0 bon<l distancE:s measure<! by x-ray an<l neutrc.n <liffra.ction. In Hn-.l..mplante<l Na 
jl-alumina, the Hn ions are tetrahe<lrally coor<linate<l an<l probably occupy thE: 
sarr.e AU21 sites as the stabili:z.ers ir. 11"-alumina. We will <liscuss the 
implications of these results to the l&r•om&lous con<lllctivity an<l con<lwctivity 
aging of ~SZ, stabili:r.ation of the P"-alumina crystal structure, an<l mater·ial 
synthesis by ion-implantation. 

Ill This work was supported ir. part by the Office of Naval Research. 
121 W.L. Roth, R.E. BE:nenson, C. Ji, and L. aiE:liOr.ski, Solid State Ior.ics 9-10 
(1983) 14$9-146~. - --
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EFFECTS OF THERMAL HISTORY UPON THE BEHAVIOUR OF CRYSTALLINE 

FAST ICIIIC CCIIDUCTORS 

Fernando Garzon, Thomas Feist and Peter K. Davies 

Department of Materials Science 
University of Pennsylvania 

Philadelphia, PA 19104 

Thermodynamic studies have been made upon crystalline fast ionic con­
<lucting systems whose high conductivity is mainly a result of the presence 
of vacancies introduced by "aliovalent framework" substitutions. In partic­
ular we have examined the effects of thermal history upon the behaviour of 
this class of materials. The two systems so far studied are NASICON 
materials, Nal+xzr2sixPJ-xo12 (1.9 ~ x ~ 2.4), and lithium-stabilized Na 
beta" alumina. 

The energetics of the second-order transition in NASICON, x-2, have 
been studied previously (1). We first examined the variation of .the enthal­
PY of this transition with x and found the expected decrease aa x increases. 
In an attempt to study any effects of thermal hiatory upon the behavigur of 
NASICON we re-heat treated samples both by long-term annealing at 650 c and 
by r~pid quenching from a 12 hour treatment _in a sealed platinUII capsule at 
1000 C. For each of the samples studied the enthalpy of the low-tempera-
ture, ~ 420 K, phase transition was changed by aa much as 15\ by the 
thermal treatment. No structural decomposition was observed by X-ray dif­
fraction. Samples subjected to the low temperature anneal also show 
evidence of a second, broad transition at a hiC)her teq>erature. 

Commercial (Ceramatecb lithium-st~ilised sodiua beta• alumina ceramic& 
were also annealed at 700 c for extended periods, and rapidly quenched froa 
short-term treatments at ll50°C. No decompo8ition of the aamplea was 
detected by X-rays. Using

0
0SC (Setaraa DSC 1111 a broad endothermic transi­

tion was observed at ~ 200 C for an untreated sample, the annealed sample 
showed a broad transition at ~ 75°C. Both peaka were observed even after 
repeated cycling under argon. No peaks were detected in the quenched sample. 
Using thermogravimetric analysis the hydration/dehydration behaviour of the 
three samples revealed substantial differencee for each. The annealed 
material shows a much lower water uptake than either the fast quenched o~ 
unt~eated samples. The untreated ceramic did not show weight

0
loss until 

150 C, the annealed and quenched. samples lose all water by 50 C. We believe 
the esc anomaliea reflect, at least in part, the thermal characteristics of 
the dehydration behaviour. Once again it is clear the thermal history has 
significantly influenced the low temperature energetic behaviour of these 
materials. 

Ill U. V. Alpen, M. F. Bell and w. Wichelhaus, Mat. Res. Bull., 14, 1317 
(1979). . -

This work is supported by the NSF under gran.ts NSF/MJU. DMR 8216718 
(F. G.) and DMR 8316999 (P. K. D.). 
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THE MIXED ALIW.l EFFECT 

Dl CllYSTALLIIIE SOLID ELECTROLYTES 

Juu A. lruca ·and Malcolm D. lnaua 

Department of Chamiatry, Univaraity of Aberdeen, Aberdeen, Scotland. 

la mixed cation 8-aluminaa a areat diveraity of behaviour i• found, 

includin& deep conductance minima (typical of mixed alkali affect• in alaaa) 

and conductance maxima vhich are described aa "co-ionic" affacta. These 

raaulta vera presented in Cranobla(l,Z) in 1983, vhara ve araued that these 

phenomena reflect differina cation site prafarancaa. Wa have nov tested 

thaae ideas by detarminina partial site occupanciee ia aixad cation 

cryatall from etructural rafin•anu baaed on X-ray data. 

A coharent·pettarn eaer&es. We can reconcile the conductivity trends 

to the site occupanicea by meana of the pairod int.retitiata~ modal. If 

the foreian cation enter• interatitiel aites directly, thea the 

conductivity may fall aharply, and the alopa.of the icotha~ may than be 

interpreted in teras of tMZic ateatrol~t• tMOJOW. When the foreian ion 

-oida these o;tcc, :here can nill be a "blockina" affect, which de;oenda 

oa the cloaina off of conduction pathways in the cryatal. The colonic 

affect (aae a ho ref. (3)), depend a however on the "unlike" cationa he in& 

able to axchanaa aitea readily, and ia found in Ma/Aa and MelLi 8-aluainaa. 

Thea• rasulta permit uaeful comparicona to be .-de between conduction 

aachaniaas in alaaaes and crystals, and enable important oimilarities and 

differences to be hiahli&hted. 

(I) J.A. Bruce, M.D. ln&ram, Solid State lonics,! I~ (1983) 717. 

(2) J.A·. Bruce, c.c. Hunter, M.D. Inar .. , ibiJ,! '· ~ (19ol) 739. 

(3) W.L. Roth, C.C; Farrinaton, Science, l!! (1977) 13)2. 
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Water Vapour Electrolysis using Hydronium s" alumina. 
Ion Exchange and Cell Performance. 

M.F. Bell and H. Sayer, 
Department of Physics, 
Queen's University, Kingston K7L 3N6, 
Ontario, Canada. 

P.S. Nicholson and M.Z.A. Munshi, 
Department of Metallurgy and Materials Science, 
McMaster University, Hamilton, 
Ontario, Canada. 

The production of high quaity hydronium beta 
alumina ceramics requires the preparation of mixed alkali 
compositions of s, a" alumina as precursors!. To exp}ain the 
conductivity behaviour in these precursors,. a theory was 
developed which takes into account not only the prop~rtion of 
s phase but also the effects of grain misorientation and the 
presence of two mobile ions. This theory sugg~sts that the 
presence of two mobile ions produces effects similar to those 
observed for the "mixed alkali effect" in that the 
conductiviiy shows a pronounced minimum at some intermediate 
composition. 

In this paper, we show that the mixed alkali effect 
also plays a role during ion exchange in that the ceramics 
exhibit unusual conductivity changes as the sodium ions are 
replaced by hydronium ions. We believe that as the hydronium 
ion is univalent and similar in size to the potassium ion, it 
is behaving like the alkali ion causing a drop in 
conductivity due to site preference. 

Water vapour electrolysis units have been built and 
preliminary tests show promising performance. The 
theoretical performance of units using protonically 
-conducting membranes is,reviewed and compared with 
experimental data for hydronium ~.alumina cells at a number 
of temper~tures. 

REFERENCE 
I. M.F.Bell, H. Sayer, D.S. Smith and P.S. Nicholson, Sol~d 

State Ionics, 9 & 10 (1983) 731-734. 
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1. D. Bardo, J. bJia, ucl o. 11. Suf uulcl 
O.pu·taoat of •tuhlt Schaco oacl l!aaluodaa 

Ualuult}' of Callfocala, Loa Aaaolu, CA 90014 

0, C, Paulaatoa, •tochla .Sohaco O.poctaoat 
Ualyocalt}' .of .... .,1.-ala, ,.llaclo1,.la, PA 19104 

Tho loa u:obaaao pcoportht of beta" al•t .. ll•o ••bl'f 111 to q..­
tbuho a wl.clo raaao of clhaloat aiul td;,aloat coapoalUoaa. • Bownu •. •• 
loa•• yot .to. ooaoldor clu•ataacoa Ia wblcb loao capoblo of aal tlplo Ytloaco o 
loa•• bloa l.auodacod hto tbo ooaclactloa plau. Ia tbh poper wo upou oa a 
faol.ly of coapoaado blood apoa tbo 3d traaaltloa aotalo la wblcb, by aoaao. of 
caufal proco oolaa.· wo ll•o boo a ib1o to. pr•iat tbo · ocovuaoo of a bod 
valoaco otatoo. Tho oyatbul.o, loalc uauport blb•l.or, aad optical propor­
tl.oo of tbooo aaterhlt au do ocrl.bod. 

Tho aatu hlo won pupo rod f roa ala all Uf at a1 o of z!ocll. •. b!f•" a1 .. iaa 
by diffouat prooooooo, Coap1oto o~tcbaaao· of Na wltb Co aad lla wao 
acbinod by U.utiaf tbo oryotalo la appropriate aoltoa talto at 600 to 700 
C, wbilo. ooaploto Cr + o~tobaaao' ••J.obtalaof.•la yapor pbaoo traaoport at 700 
C. Sabotaatlal loa oltcbaaao of Tl a ad Ni woo aloo 1 ttoiaod by tbo vapor 
aotbod. Ia all caooo tbo 1111 of coatrolled aaooopboru dacha oacbaaao 
uoalted ta

2
ao apparoat olocUoDlc coadact1o11 duo to ailtod valollcoo, ·For 

eKa•ple, MD+ beta" a1111iiu edaibited ollly iOoic coa.dDciioa. proceaaea •• iluU­
cated by ~'aple_! 1 i•P!f•nce ••••a.r~eota. The_ conductivity for this ••terial 
(- 1 a 10 oba ca at 300 Cl aad ito actlvatioa o111r11 (- 0.60 oVl au 
coaparablo to tbat of otb!r dhalollt bota" al•iaao, Bowner, iaitlal diffa­
oioll aeaovoaoato witb Co+ oauoot tbat tbh loa h aot ao aobUo ao otbu 
dlvalnt catloao 1.11 bota" alaaiaa. Ov wort aloo illdlcatoo tbat tbo •alo11ce 
statoo of tbooo lou au aaaffootod by tboraal cycllaa ia laort allloopberoo. 

Ia addition to traaoport aoaoar .. oato, we b•o lavootlaatod tbo optical 
properties o{ several traa.aition •etal beta" alU8iua; Tile transttioo ••tal 
ions are of interest for solid a tate tr.able lafers because of their broad 
band fluorescence propcrttei. Both Cr + and Tl + ••hibit broad· emission spec­
tra. 1he letter ranging from 0.64 f.l to 1.1 f.l• w1th peak emission at 0.68 ~· 

Fluorescence ·1 ifetlmes were found to be in close. aareement with-published data 
for these ions ia other oaid~ boats. 

In 1\lllll&ry. the unique· ion eachanae properties of beta" alumina bavr 
eu.bled us to prepare a family of transition metal sol1d electrol)·tes. h is 
possible to achieve specific: valence states and to obtain ionically 4:0nductive 
materials. Farthenore. the optical properties of thesr beta'' alumina!' sht.•uld 
be o{ intereat for both structure and spectros..:o_py studLcs: 

1. G. C. Fautaato11, B. OuDD ood 1. 0. Tb""'os, Apl. l'h)·s. A. 11.• 159 
( 1983). 

2. ti. C. Farria&toa, B. Duan, Solid State lona.s I. 2~7 c 1Yij2). 
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CORROSION OF Na B- AND Na B"-ALUMIHA IN C0 2-H20l 

J. B. Bates and R. L. Anderson 

Solid State Division, Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 

Sodium B"-alumina reacts2 with C02 and H20 at 25°C according to 

Nas" +· C02 + 211 20 = NaHC0 3 + H3DB" ( 1) 

when exposed to a hi.gh pressure of co 2 ( Pco • 10s Pa) saturated with H20 or 
according to 2 

21'las" + C02 + 13H20 = Na 2C0 3 •10H 20 + 2H 30a" (2) 

when the electrolyte is exposed,to H20-saturated air, with PH o • 3 kPa. 
Under these conditions, the occurrence of reaction (2) requiris the standard 
free energy of H30 s"-alumina to be lower than that of Na 8"-alumina by at 
least 35. kjoule/mol. 

o·uring the course of these reactions, Na+ ions removed from the surface of the 
electrolyte are replaced by H3o• ions. The reaction proceeds until the layer 
of bicarbonate or hydrated carbonate formed prevents further contact of the 
gas phase species with the electrolyte surface. The NaHC0 3 layer formed on 
the surfaces of a co11111ercial Li-stabilized Na s"-alumina ceramic is estimated 
to be 20 to 50 ~m thick after.exposure. to H20-saturated C0 2 for several days. 
On heating a specimen expos~d to C02-H 20, the H3o+ ion! In the conduction 
layers decompose to form OH groups. The removal of OH from the specimen by 
heating to 600"C is believed to occur2 by formation and elimination of H20 
which implies an irreversible loss of oxygen from the conduction ]ayers. 

The formation of NaHC0 3 and Na 2co 3·xH 20 on the surfaces of single crystal 
and polycrystalline samples of Na s-and Na s"-alumina can be observed using 
scanning electron microscopy. The formation of NaHC0 3 on freshly polished 
surfaces is first noticed by the appearance of crystalline, plume-shaped 
c 1 usters having many sma 11 filaments extending from several branches. 
Evidence of film format ion can be seen In some regions of the surface after 
exposure to H20-saturated C02 for 1 day. During exposure for several days, 
large crystalline clusters are evidently formed at the expense of smaller 
ones, and the presence of an underlying film of bicarbonate is more obvious. 
Similar features were·seen after exposure of Na a-alumina to C02 and H20, but 
their rate of growth was slower. · 

IResea,rch. sponsored by the Division. of Materials Sciences, u.s. Department 
of Energy under' contract DE-AC05-840R21400 with Martin Marietta Energy 
Systems; Inc. 
2J, B. Bates·, 0. Dohy, and R. L. Anderson, J. Mater. Sci. (in press), 1984. 
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Influence of Stoichiometry and the Nature of the Spinel-Block 
Stabilizinq Element on Proton Transport Behavior in Solid 

Electrolytes with the ,. -Alumina Structure 

S. w. smoot, W. P. Halperin and D. H. Whitmore 
Departments of Materials Science and Enqineerinq and Physics, 

Northwestern University 
Evanston. Illinois 60201 

U.S.A. 

Abstract 

As an extension of prior work done in this laboratory on 

proton transport· in NH 4-A 3o ,··alumina, we· report here new proton 

diffusion coefficient and conductivity measurements on: (a) 

maqnesia-stabilized NA 4-A 3o •··alumina crystals with a substan­

tially different stoichiometry than in those used earlier; and 

(bl NH 4-H 3o •• -qallate crystals where stabilization of the as­

qrown crystal involves sodium substitution in the spinel block. 

Proton diffusion coefficients on both compounds were accomplished 

over the temperature ranqe 300-4501 with the aid of a pulsed 

field qradient HHR techniQue, whereas a complex admittance method 

was employed to obtain the protonic conductivities reported her• 

for the same temperature interval. In the liqht of the present 

and earlier observations of protonic transport behavior. ideas 

are discussed concerninq (a) possible mechanisms of proton trans­

port and (b) the role played by stoichiometry and the type of 

spinel-block stabilizinq element in these ,. materials. 

PS/BA-21 

THE EFFECT OF QUENCHING ON THE Na+ ION DISTRIBUTION IN 
Na•B"·ALUMINA 

1 1 2 Maggie Ald6n, John o. Thomas and Peter Davies 

1Institute of Chemistry, University of Uppsala, Box 531, 
S-751 21 Uppsala, Sweden 

2Department of Materials Science and Engineering K1, University 
of Pennsylvania, Philadelphia, PA 19104, U.S.A. 

Single-crystal neutron diffraction has detected short-range­
-ordering in the Mg/Al occupation of the All21 site at the 
centre of the spinel-block in Na•a•-alumina IRe&. I) -
a result inaccessible to earlier x-ray studies. Implicit in 
this discovery is that this lowering in the local symmetry in 
the spinel-block can influence the electrostatic potential and 
hence the effective local ionic arrangement in the conduction 
plane. 

More recently a study has been made of the ionic conductivity 
of single-crystals of Na•B"-alumina which had been quenched 
rapidly from above 1000°C. In a few cases it was found that the 
crystals displayed anomalously high conductivities and low 
activation energies at low temperatures (Rt6. 2). The notion 
suggests itself that this enhanced conductivity is related to 
the freezing-in of Mg/Al occupation randomicity at the All21. 
site. Single-crystal neutron diffraction studies of quenched 
and unquenched crystals were undertaken to probe this situa­
tion further. 

Little difference was, in fact, observed in the Mg/Al ordering, 
while differences were found for the Na• ions such that a less 
ordered Na• arrangement was obtained at ambient·temperature in 
the quenched cry.stal. This result has important implications 
as regards the mode of fabrication of Na• 8"-alumina, especial­
ly for battery applications where optimal ionic conductivity 
is of major importance. 

Re&euncu 

1. 

2. 

K.G. Frase, J.o. Thomas a G.C. Farrington (1983) Solid 
State lonic6, 9/10, 307. 

P. Davies~ Unpublished results. 
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"FAliRICATlON, CHARACTERISATION AHD STEAM ELECTROLYSIS PROPERTIES Of 
POLYCRYSTALLlNE R,o+-8/8"-ALUKINAS" 

Authora: Patrick $. Nicholaon, Kaaayuki Kaaai, Zafar Hunahi, Covind Sinah, 
Klmihiro Yamashita 
Ceramic Enaineerina Reaearch Group 
Department of Hetelluray and Kateriala Science 
HcMaater Univeraity 
H .. ilton, Ontario, Canada 

and Michael Sayer, Michael Ball 
Department of Phyaica 
Queena ~niveraity 
Kinaaten, Ontario, Canada 

Polycryatalline H1o•-Bt8"-Alumina cc;&~~~ica have bean fabricated and 
used succesafully to electrolyae ateam at +100°C. The caremic precursor ia 
a mixed alkali 8/8"-alumina of aufficient mechanical atrength to vithatand 
the neceaaary potaaaium and hydronium ion exchanaa procedural required to 
produce the hydronium 8/8"-aluaina polycryatala. 

The fabrication and ion axchana• procedural are daacribad. The rate of 
ion exchange 1n hot concentrated B2so. vaa monitored via chana•• in the alkali 
aolution content. Field alaiated ion-excbana• in dilute B2so. vaa al1o 
atudied from the currant/time ·charactariltica of the proca1a. The ion ax­
chana• procaaa kinaticl vere modelled aa1umin1 the diffulion of a,o+ to be 
rata determinin& of the proce11. 

The intarphaae reletionahipa end the reaidenca phala of the alkali co.­
ponenta have bean atudied by quantitativa ICannina-tran .. iaaion-elactron­
microacopy and the reaulta are deacribed. 

The H1o+-B/B"-Al20 1 ceramic• have been uaed in ataaa cella and at ... 
·electrolyaia demonatrated. Cell deaian ia deacribed end the current/voltage/ 
time characteriatica diacuaaed. Platinum baa been uaad aa a aucceaaful 
electrode .. terial but aeal and electrode problema have been encovntered et 
the hi&her temperaturea. 

P7/BA-23 
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TIIEIUtOOYNAHICS OF MIXING IN BE'l'A AUJNINAS-RELA'I'ION 

TO 'ftll MIXED ALitALI EFFEC'I' 

Peter K. Daviea, Graqory Pfeiffer and s. caRfiald 

Department of Material• Science 
un·iveraity of Pannaylvania 

Philadelphia, PA 19104 

several atu41es have bean 11&4& of aixad-cation beta and beta• al1111inas. 
It 1a well knovn that relative to the pun •tadal8 the l&ixad-ion beta 
aluminas generally show a large decreaaa in conductivity and an associated 
increase in activation energy (1,2). Thia phano.enon ia analoqoua to the 
behaviour of mixed alkali gl&8a 1ystema and is termed the aixad-alkali 
effect Ill. Many attempt& at aodallinq and interpreting thia effect have 
been made. Recent modale for beta aluaina ayste• heva relied upon a weak 
electrolyte modal and asau.ption• concerning the aita preference• of the 
alkali iona 121. 

Using equilibriua ion-exchange technique• we haYe datarainad the 
thermodynamic mixing propertiea of the binary Na-K,-Ag,-Li and -Tl beta 
alumina syste .. and the Na-K beta• aluaina ayataa. All the beta alumina 
binariaa, with the notable exception of Na-Tl, &how a 1tronq aixed alkali 
effect. our activity data indicate each ayataa ahowa negative deviation• 
froa ideal behaviour, indicativa of cation order. Na-Tl beta aluainaa are 
anomaloua in that a1118ll positive deviationa occur. The Na-K beta• aluaina 
binary aystea showa a tranaition froa negative to poaitiva deviation• with 
incraaaing K content. 

we have .odelled behaviour for Na-K beta aluaina uaing aodifiad 
regular solution aodals. In thia aodel complete order via Na-K ion pairing 
is aaaumed in the 'interatitial' sites, with ideal or aaall poaitive devia­
tion& on the BR sitea. An excellent fit ia found between the expari .. ntal 
data and the aodel. Uaing re-calculated 'effective activitiaa' of iona in 
the interstitial sitae we predict con4uctivitiea in reaaonable aqrea .. nt 
with.experi .. ntal data. · 

we believe our data atrongly aupporta an 'ion-pair' aodel for the 
behaviour of the binary beta aluainaa. Drawing analoqiaa vith behaviour in 
molten-salt ayate .. we will auqqeat a poaaibla driving-force for the order 
observed in these binary ayateaa. 

(l) M.D. Ingraa and c. T. Moynihan, Solid State Ionica, ~. lOl (19821. 

(21 J. A. Bruce and M. D. Ingraa, Solid Steta Ionica; ~. 717 (1983). 

Ill J. Isard, J. Non Cryst. Solida, !• 235 (1969). 

Thia Work ia supported by the NSP under granta NSF/MRL DMR 8216718 
(G. P.) and DMR 8116999 IP. K. D.). 
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Evidence or Mobile lou L'urrt•laliun Bo·hV<'I'II l'unoludiun l'lan~ ... in jl-alumina • 

S. Clu.:u. N. Otsub :mol II. Salo 
School of Materials Engineering, Purdue University, West Lafayelle, In 471107 

Due to the mutu:~l, repulsive interaction between conduction calion, an ordered struc­
ture or these ions can form in the condudiun plaue. This ordered arrangement bow­
ever, can cause a signific:~nt decre:l:ic in the ionic o·onductivity or the material. X-ray 
diffuse scallering studies have shown that as a result or ordering, an av'3xav'3 superlat­
tice c:1n exist co-planar to the condurtiou l:~ycr. llowever, any cation ordering in the 
third dimension i.e. between conduction planes, have not been clearly established. 

Using crystalline ,d-aluminas grown by a melt and a Dux growth technique, the correla­

tion between conduction cation have been examined by electron diffraction io ioo 
exchanged Na +, K +, Rb + and Ag + .d-aluminas. In addition ·to the. correlation or 

n:.:Lile ·ions within the conduction 11lane, the corrcl:~tion between conduction layers 
have also been detected in Rb + /1-alumina with periods or 68.M and 22.8A or three 

and one multiples or the t dimcns.iun. The o·urro·l;•tion in the t direction is oot as 

strong as that in the l·l? or conduction plane. A model to account for this ordered 

structure in the t direction as wdl '"' :1 pussiblt• mt'rhanism ror such long distance 
correlation through spinel blocks are di,~u.scol: . 

• Accepted ror publication in the January issue or Solid State /onie1, UI8S. 
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A COMPARISON BETWEEN 'MIXED PHASE ELECTRODE' AND PERCOLATION MODELS 

FOR COMPOSITE ELECTRODES IN SOLID STATE CELLS 

Kennett\ D.M. Harris, Michael D. Ro·gers and Colin A. v·incent, 
Department of Chemistry, University of St. Andrews, 

St. Andrews, Fife KY16 9ST, Scotland. 

A mixed phase region, situated between the electronic terminal and 
the ionic conducting phases of an all solid state cell, and consisting of 
particles of both ionic aod electronic conductor, is frequently uged to 
improve the power output of suet\ a cell by increasing the effective contact 
area between the tvo bulk phases. A simple computer model (MP£ model) of 
such systems has·been described previously in which the operative contact 
area is estimated in terms of the number of 'linka' counted between chains 
of electronically and ionically conductina particlea. 

Certain similarities exist between. this model and percolation models 
used to describe electrical· conduction in systems consistina of mixtures 
of conductins and insulatina phases. Conduction in typical percolation 
models requires that the particles of the conductina phase are connected 
simultaneously to both end faces of th~ reaion undercinvestiaation. In the 
MPE model the requirement is rather different, namely that the chains of 
electronic aod ionic conductina particlma are connected back only ~o their 
own respectiv& bulk phase, i.e. to a sinal• end face. 

The computer model for the mixed ·phase reaioa has been modified to 
enable a count of the operativ.e links to be made under a variety of perco­
lation conditions. A direct comparison between the original HPE model and 
models based on standard percolation conditions has been undertaken over a 
full compoaition ranae of each component. When both phasaa are above a 
certain critical percolation 'threshold' a cloaa similarity is observed; 
for either phaae below th~ threshold, marked differences between the models 
exist, with the most strikina diversence occurrioa at composition values 
just bela¥ the threshold. 

In general, the. results using,the most realistic model.coofi~ that 
increaiing the thickneio of a composite electrode increases the operative 
contact area in a proportional manner, provided that the percentage of 
each component is above a particular value. Below thia limit, there is no 
sharp cut-off in the effectiveness of the minor component, but its useful­
ness diminishes rapidly as the thicknesa of·· the composite region is in-· 
creased. 

Within the models, different shapes and sizes of LJttice and the 
variation in relative partie lee size have bean·axamined, and tlte nsulu of 
tltese calculations will be.diocussed," 
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C:a Oti'li'tiStO:i COEFFICI!~T IS ·v
6

o
13

-BASF.O CC!ofPC,'SlTI! ELECTRODES 0El£!'.1!1NED It 

,\ C.\LVA!\OSTATIC PI.U! lti:I..\XATIO!I TECIIlltQii!. 

C.A.C. S£QL'EIIIA 

laboratodu de Electr.,.tuLuc:a, Inatituto Sul'erior Tec:nico, 

Av. Kovilco •'ail, 1096 Liabu Codex (Tel. 1104.~89 - Telex 63423 1St liTl/f) 

·!'he im;~ortlncc of v~o~ 3-!>osed ccrtpesites ae i':osts for tlt01 eleo:trnht.,ccr 
htic:-n of :.!to:ntr. spe.~ "" has racently b.een p.:. inted out by variou~ .tuthon. 
~ ... di:: fu~ ion. coefficie'lt of th'" rel-evant I;><> C:iu ia cert.tinly <•nc of the 
""'t L!i""'ant par.t,•tcrs characterizing a m~.xed ~onc!uctor; therefore, ia 
vi.,• of !'03,ible ap;>licationa its deteT111ina:lon 1aea useful. In thia 
re.spcr.t non-otatiun.&r1 clactrochemi.:al tec:b,.iquea offer c:ouiderule 
~dv.tntaa••· 

The "'ain aim of tha presei\t study vu the derendnation o.~f tlw diffuaia 
co .. fCicient o>f .:.•pp~r in V 0 -t>ascd .:o!:lpooi:e electroc!.:s elllj)loyin~~: a 
gollv~n.>st.ttic ;>ulse relaxatiA~ t10chniquc. The study cove•·ed a ran&e of 
~o~po~itior. and te~;>areture. 

·.n aa-solid .~~atoe cylinJrical .:o:ll utiHzin:; a dilc of Rh
4

Cu 
6
t.

1
U 

3 
• 

elotctr">lyta, a co.::pc»ita ·•orking "lectrode !>.:.•ctl on \'(oOl)' e Auto} Cu u 
caufttar electroda 11nd "r.:a/Rb,Cu~r.t,cl 1 l annular roferenee alectr..,c!e, ha 
b-'"'n uoed toe tho "'":~ai'E"tent:f. -•!!, r.u !1 I Cl .3 ;~aa obtained fr<a lluic 
\'ol""'" Limited, Lor.c!un. Composite irtehrZde} -..rere fabric.ued 'by :ua intiaate 
t:tidc:; of ;.rc-boll-.,tlled v6o 13 powder to11et'•er with acetyleac. black. to 
provid• udcitiGnAl elc~tr..,nLc conductivity, in the appropriate solutioa of 
pn:r,.thy1e~~ o:<ide, i'orropyl aleo~ol and a:.;-oydroua ~.:etonitrl!e. ThiK­
fol!~J•d by .:aotin~ dir•ctly onto a metal foil currallt c~llector. 

r:.,lvan.latatic ;:ulscs of sh.>rt d"utton ("'b) in the rang11 lD-250)-Acm-l 
~<c•·e applied to the .::ell ~nd the resultinR c-verpotllltial/ti• cunea van 
:.nal)':otd. l'lClttin'l "'•f(t) atraight linn van ohtelned 0 fr• which t'lla 
di£fueion cacfficic~ta could be calculated. 

·n.• .:hemicll c!iffusi•.•iti' of copper in \' () • !'£0 ccm:pnoite struc:turf!l it 
~ .. ,.,;>~ratura t r.ampo•i tion depend•nt, ana H. averas• value au;&esu the 
r~:cn:ial uJcfulnen ,of t~1ese cath.,de '•1tari .:la for advanced sulid stata 
.ooppe~ ahctracl;cmi.cal ~ella. . 

Pll/EM-18 

LITHIUM lHSlltlON liTO liON SfiRILI 

C.J. Chao aad M. Creeablatt 
DeputMat of Cbeaiatry 
lutaera. the ltate Uaivaralty of Haw Jeraey 
•- lruuvick .... Janey 0190:1 

Se•eral iroa aplaele. MIIrez04 vith MII • MD.re.eo,Jt.cu.Za or Cd ha•• 
beaa Utbiatad uaiaa o-luU aad electrocheaical Mthoda. ra1pectiYely. tbe 
a80UDt of U. ·tou that .. , be inaertad iato the caYiU• of the apinal 
fr ... vork etructure (i.e. a ia U.aKfez04) ia depeDdeat oa the nature aad 
diatribut1oa of catioaa, aDd il ia the raaa• o.:J c a c 2.0 for the ··~ioua 
coapouDda acudied. the iaYuae apiaela vitb reducible rel+ occupyiDJ the 
tetrabedral aitaa can ecco..odate e ar•ter ..auat of L1 ioaa thea the aoraal 
ap1aele. the dae of the caUou appaare to hava •aUaible effect oa tha 
eataat of lithiua 1aaert1oa. IateaaitJ chaqee of t ... reflectioa poaka of the 
x-ray powder diffrectloa patteraa of the litbiet .. apicala coapar .. to tho 
hoata lDdicate that the caUou are r .. iotrilluted upoa Utlliua iDMrUoa. tile 
lpiael atructure t~aaafor.a to the rock aalt etructare for tlle f.tly 11tlliat .. 
apiaela Ia each caae. ia ear ..... t wit' the reactioe aecbaaioe of lithiua 
iaaertioa ia apiaala propoa .. bf GoodoDDUJll• 

S7re MDaabauar ~eaulta allow tho praaeace of .t ... Yalaat re(III) ... 
re(II) and ia the taapereture raaae SOl c t c lOOK a •aleace ... r .. iac 
(elect~oa hoppiDJ) pbaa ... aoa. !be electrical ~tlYltJ of the lltlllat .. 
apiaela ia nvaral or••re of •aaltu.. larpr tllaa tllet of tM hoot •torUla 
.coaUR~aa cberp lloppiq. tbe c-..ratue Yarlatloe of ..... ua· 
auaceptibility of tba litblot .. apiDila laticatea Ya~J lara• ..... tla e.cha.,. 
iate~actioaa aad traaaltioa te a apia Jleao atate at l8w telfl~ac.w ... 

aeaulta of a DOUtroa •tffractioe ..... ~ profile a.alyolo of LiaF•30. will 
be dhcuaaed. 
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The Crystal Structures of Lith1um Inserted 
Metal Oxides: LiV 2o5 

• + * + R. J. Cava , A. Santoro , D. W. Murphy and R. S. Roth 

• AT'T Bell Laboratories 
600 Mountain Avenue 

Murray Hill, NJ 07974 

+National Bureau of Standards 
Washington, D.C. 20234 

The insertion of lithium at ambient temperature into V 0 to 
a stoichiometry Liv 2o 5 .has been studied extensively both ch~m~cally 
and electrochemically. The reaction was reported by various groups 
to be without significant structural change of the host, based on 
the power x-ray diffraction patterns of the product. The idealized 
structure of v

2
o 5 is a crystallographic shear of the Re01 type 

structure with block size 2 octahedra wide and infinite ln the 
2 other directions. Neighboring blocks are joined by edge sharing 
and all other octahedra are joined through corner sharing. With 
only 1 set of shear planes present, the ideal host structure is 
flexible about the many shared corners of vo

6 
octahedra. In the 

real structure, however, there is one long v-o·bond in each VO 
"Octahedron" which results in a~ effectively layer-like struct~re, 
and thus allows the possibility.of further structural distortion 
on insertion. 

We have found that the structure of lithium inserted V o is, 
in fact, significantly distorted during Li insertion: the L~ ~s 
accommodated through separation, puckering, and shifting of the 
layers in the host; which occurs through the breaking of the long 
v-o bonds in the host. The distorted host has sites of perfect 
geometry for Li accommodation. Because the hos~ is significantly 
altered during Li insertion, highly unconventional techniques 
had to be employed to solve the structure based on powder 
diffraction data, which is the only data available due to breaking 
of single crystals of host materials during insertion reactions. 

PI 3/E.'i-20 

DISORDER AND TRANSPORT IN 8·LlTHlU"JALU"INU"* 

Torbea o. lrua, She....aa Suaeila, Jeaa•!rllr. Jlllraeana, 
Joho Faber, Jr. aDd Kenaeth J. Volin 

Araoaae Netloaal Laboratory 
Araoaae, llllnola, u.s.A. 

Neutron dlffractlon axparleenta la 8-Ll~Al 1.x have aov bean 'xteaded to 
the upper phaaa boundary (x • 0.536) aDd to the lover phaae bouadary (x • 
0.480) for the purpoae of deter.l~laa the •echanla• of Ll-loa traaeport. 
Te•perature-depeadeat neutroa dlfftactloo .. aaur••••t• vera perfor.ed fro• 
460°C to 6Z5'C aDd at roOD te•pereture • I•proved lnetruDaatatloo aDd •••Pl•­
coatalneent techalquaa have reaultad lD eahancad quantitative accuracy. 
Rietveld reflne•eat of the dlffrectlOD petteraa baa boea uaed to teat varloua 
defect 110deh for x • 0.536. The belt flt la to a dleordar 110del ln vhlch 
LIAl and AlLl reciprocal, antl-alte, defect pelra are a•••rated ia incraaai•& 
coacantratloaa vith lncreaaln& ta•peratura. ly extrapolation of the 
lnt!&rafed ann of lov Q nflactloaa lo a Vllaoo plot (loa lataaolty va'. 
aln 8/A ) , lt h ahova that - 5ll: of the llthlu• lattice 11 occupied by 
alumlaua at 6Z5'C. Difference Pourler ••P• elva Do ladlcatlOD of lataratitlal 
Ll. Va aub•lt that thia order-diaorder procaaa la preaaot for all S•Ll Al1 CODpoaitiODI iD hl&h•teepereture, Li•Detal lulflde battarlea (f > 415°Cf. r:r 
x < 0.507, hopplaa of free vacanclaa ia tha doDlD&Dt .. chaaia• of Lt-too 
traoaport. ror x > 0.507, tha ordar-dlaordar procaaa la the traaaport 
mechanl••· 
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ELECTRICAL AND OPTICAL PROPERTIES 

OF LITHI~ INTERCALATED Ill - VI COMPOUNDS 

E. HATZIKRANIOTIS, C. JULIEN and M. BALKANSKl 

Laboratoire de Physique des Solides 
associe au CNRS 

Universite Pierre & Marie Curie 

4 Place Jussieu 

75230 PARIS CEDEX 05, FRANCE 

Ill - VI Layered compounds such as InSe and GaSe are intercalated with 

Lithium by spontaneous reaction in n-butyllithium and electrochemical 

process. These compounds show to be good hosts for the insertion of 

lithium at ambient temperature. In this report we present results ob­

tained on lithium insertion reaction of several such compounds. The 

insertion reaction is characterized by the time resistivity variation 

of the host material. 

The Li intercalation into lnSe is studied by galvanostatic electrochemical 

methods. We have investigated the charge and discharge at different 

current densities over the range of EMF'S commonly encountered in secon­

dary cells. Electrical transport measurements on Li intercalated lnSe 

and CaSe are studiea, the results show a change by ]-orders of magni-

tude of the conductivity with respect to non intercalated samples. 

Optic~! prc>pertie< have been inveotigatcd by Raman spcctr.>scupy unJ 

excitation spectra. The effect of Li intercalation on the phonon spectra 

of the host lattice has been studied by Raman scattering. We observe a 

broad band at low frequency for the excitation by 488 nm Laser Line, 

and see a resonance enhancement in ~he Raman scattering of Li intercala­

ted samples at 4.2 K. The effect of Li intercalation on the electronic 

structure of the host material is studied in the E: exciton region in 

LixlnSe. The excitation spectrum shows a strong band at 2.535 eV and a 

complex stucture at lower energy. By further investigation of the exci­

tation spectra ~e hope to be able to demonstrate that this method is a 

good probe for the diffusion processes into these electrode materials. 

P l S/E.'1-22 

ELECTRODE MATERIALS ON THE BASE OF CUPROUS 
CHALCOGENIOES 

L. D. Yushina and V. 1. Terekhov 
Institute of ElectrochemiStry 

Ural Science Center, USSR Academy of Science 
Sverdlovsk 

USSR 

Investigating the electrode materials which can convertibly 
function on the boundary with Cu • -conducting solid electrolytes, 
we have synthesized a great number of composites on the base of 
univalent cuprous chalcogenides. Cuprous tellurides and selenides 
were taken as initial salts since they possess properties which 
suggest mixed conductivity. 

Physico-chemical properties of binary and ternary systems of 
general compositions (Cu2_;cTe)a(Ag4PA,.,: 
(Cu2S)a(Cu2_. Te)b(Ag4P2Crlc: (Cu2_x Te)a(Na4P20 7,.,; 

(Cu2_.se)a(Ag4Pp7)b; and (Cu2_.Se)a(Na4P20r,., have been 
studied. 

In an attempt to obtain electrode materials having high 'elec· 
Ironic conductivity with a marked ion conductivity, we introduced a 
stabilizing phosphate ion into the lattice of nonstoichiometrlc 
cuprous chalcogenide. But since cuprous phosphates decompose 
long before the inital salts start to melt, we had to usesocllum and 
silver phosphates as a carrier of the phosphate groups. 

For the materials being synthesized, the total, electronic and 
ionic conductivities, was being defined as well as cumulative and 
electrolytic capacities. structure and other parameters. At the same 
time. by means of solid-phase coulometric titration, we evaluated 
the maximum concentration of copper which can electrochemically 
dissolve in the material. 

In making electrochemical measurements, RbCui2CI3 and 
RbCui1.75CI3.25, whose synthesis was effected according to the 
techniques described in the literature, were used as solid 
electrolytes. 

The research done allowed a number of composites to be 
chosen as optimal electrode materials. In using such types of 
electrodes. an electrochemical cell permitted multiple cycling. 
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OXYGEN DIFFUSIVITY IN Mo-Moo
2 

REFERESCE ELECTRODE OF OXYGEN PROBE FROH 
ELECTROCHEMICAL MEASUREMENTS 

Wang Nanmeng 
Shanghai Metallurgical Instruments 

and ~easurements Factory 
China 

The oxygen diffusivity in a Mo-Moo 2 reference mixture of oxygen 

probe w~s ~easured by an electrochemical 
+1.85 -4 

7.08 <-2.80) x10 em 2/5. Comparing the 

method, at l&oo•c to be: Do • 

values of DoMo obtained here 

with the values of DoFe and the oxygen diffusivity in steel melt 

reported in the literature, we found that DoMo is as_ 3-5 times as Do Fe. 

This indicates that oxygen diffusion in molten steel is the main rate­

co~tr6lling step in the kinetic processes of oxygen cells. 

P17/ET-9 

ESR STUDY OF COLOR CENTERS IN YTTRIA STABILIZED ZIRCONIA 

J: Shinar, D.S. Tannhauser, Department of Physics 
and 

B.L. Silver, Department of Chemistry 

Technion, Israel Institute of Technology, Haifa, Israel 

Single crystals of yttria stabilized zirconia with a composition 
Zro 84 v0 1601 92, grown by skull melting, were colored by reduction to 
equil1brium at llOO"C in a flowing atmosphere of IS\ H2 in N2. An 
ESR signal, which disappeared on reoxydation, was detected in the colored 
crystals at room temperature. The concentration of spins in the sample 
(3xtol7 cm-3) agrees with other measurements(!) of electron concentration 
in reduced samples.· 

The g-tensor was determined with the use of a sample of DPPH as 
standard, the same sample served to calibrate the strength of the signal 
in number of spins. The spectrum could be accounted for completely in 
terms of a single type of paramagnetic center having four possible 
orientations in the crystal. The a-tensor of the center is axially symmetric 
and has principal values of 1.86 and 1.95. The unique axis is aligned aion1 
the <Ill> direction in the crystal. The linewidth of the signal varies 
from -33 gauss for the magnetic field along the axis associated with the 
high g- value, to "'65 1auss for the low 1- value plane. 

The results can be rationalized in terms of an electron trapped at an· 
oxygen votancy adjacent to an yttrium ion. The ~earest neighbors of the· 
vacancy ue four tetrahedrally arranged cations, ·which will therefore 
include one yttriWD and nomally three zirconi••-ions. ·such a \:enter will 
have axial symmetry, as observed. Since the abundance of zr9 ls only 
11\, the dominant contribution to the ESR line will be given by centers 
not containing any Zr ions with a magnetic nucleus. The ESR lines from 
these centers will be inhomogenously broadened by the hyperfine interaction 
with y89. The anisotropic nature of this interaction should result in a 
a-dependent linewidth which varies by a factor of two as indeed observed 
within experimental error. We observed only one type of center, in cont~fSt 
to at least three types observed in crystals reduced electrolytically.l J 

References: 

I. W. Weppner, Z. Naturforsch. 3la, 1336 (1976). 
2. J.S. Thorpe. A. A:rpar and fT. Ross, J. Mat; Science, z,729 (1972) . 

. " 
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STRUCTURAL STUDIES ON Zr02-Y20l SYSTEM BY ELECTRON DIFFRACTION AND 
ELECTRON MICROSCOPY 

s •. suzuki, M. Ishigame• and M. Tanaka 

Department of Physica,·Faculty of. Science, Tohoku University, Sendai 980, 
Japan 

•Research Institute for Scientific Measurements, Tohoku University, 
Sendai 980, Japan 

The oxyqen•ion arrangements in the f.c,c. ·phase of 10-50 mol\ Y2o3-
zre2 have been investigated by electron diffraction and high-resolution 
electron microscopy. One of the authors IM.I.) made bulk single crystals 
by melting the mixture of zre2 and Y~J powder using the solar furnace of 
Tohoku University. 

The diffuse scattering.has been observed in the electron diffraction 
patterns and is sorted into three types, or 10, 20-JO and 40-50 mol\ v 2o3 
types. By analysing the diffuse scattering, we have determined these 
crystal structures, which are characterized by the specific displacements 
of oxygen-ions. The structure of 10 mol\ v 2o 3 obtained in this study is 
completely the same as that obtained by Faber et al.ll. The structure of 
20-JO mol\ has been found to be the modulated atructure which has the wave 
number of the modulation q.n/4olllll and ia accompanied by periodic anti­
phase domain boundariea, where a0 is the lattice constant of the f.c.c. 
zre2• The structure of 40-50 mol\ has been revealed aa a rand011 lll!xture 
of two ~ulated atructurea whoae wave number vectors are ij-n/aolllOI and 
q-zn/&o[llO). The high-resolution electron microscopic images for the 
atructures of 20-50 mol\ have been interpreted conaistently by the above 
results obtained by electron diffraction. The structures of 20-50 mol\ 
did not develop to any ordered atatea. We can say that each obaerved 
atate is a kind of glasay atate. It ia emphasized that these modulated 
structures have been found in the phaae which has been believed to be a 
single f.c.c. phaae until now. The characteriatic changes of the oxygen 
ion diaplacements from pure zre2 to pure v2o3 can be clarified syatemat­
ically by describing the displacement• in terms of the molecular- and 
lattice-vibrational· medea. The ionic conductivity in this system reaches 
to the maximum at about 10 mol\ v2o 3, although the apparent vacancy con­
centration increases aa the amount of Y~J increases. This fact is read­
ily expected from the present experiments. That is, the modulated atruc­
tures are,formed and the vacanciea available for ionic-conduction are 
decreased, when the amount of v2o3.is beyond 10 mol\. 

ll J. Faber et al.: Phys. Rev. !!2 (1978) 4884. 
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e-NMR sruDIE:S OF ICtUC M:71'I~S IN I.AYERED AND GlASSY CD1I'OI.Nt'6 

Paul Heitjans 

Fachbereic:h Physik, lkliversit.lit Marturg, Renthof 5, 35s0 Marburg,W.-Gennany 

'llle JtEthod of a-radiation detecte:i nuclear magnetic resa'lar\Ce ca-NMR) is 
intrcxiuced ani its features and capabilities as a new tool for the study 
of ionic rrotions on a microscopic scale are discussed, partly in catpari­
son With conventional NMR. Infonnaticn on atan dynamics is obtained fran 
spin-lattice relaxation rates and resonance spectra of isolated a-active 
nuclei embedded in the sanple. 'llle polarized probe ru::lei are produced in 
situ by irradiating the sanple with polarized thermal neutrons. 'the nuclear 
polarization is ncnitored via the anisotropy of the a-radiation. 
Recent applications to the field of solid state icnics are reviewed. As 
exaJ!llles of 8-NMR on solids with a layer structure measurements on the in­
tercalation CXIIpJUl¥1 wc6 and the ionic a:n:luctor Li3N are discussed. 
atp\asis is on the questions of anisotropic and low-di.nensional diffusion. 
As representatives of strongly d.isonlered solids we deal with lithi~n borate 
and silicate glasses. By spin-relaxati1ln measurements aver Wide ~ature 
and magnetic field rarges different II'Cdes of iOnic rrotion were fourd. We 
discuss in particular the l.o.l-~ature data lottic:h can be explained by 
i.nhanogenews relaxation of the isolated ruclear spins via defect centres 
typical of glasses. Calparison with results fiaD oonvantJ.onal NMR yields 
additional information on the defect centres. 
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NEUTRON DIFFRACTION AND TSDC ON Bal-xUxF2+2x SOLID ELECTROLYTES 

H.O~werkerk, N.H.Andersen*, F.F.Veldkamp, J.Schoonman+ 

Solid State Department *RisO National Laboratory 
Utrecht University P.O.Box 49 
P.O.Box 80.000 DK-4000 Roskilde 
3508 TA Utrecht Denmark 
The Netherlands 

+present address: Laboratory of Inorganic .and Physical 
Chemistry 

ABSTRACT 

Delft Uni,·ersity of Technology 
P.O.Box 5045 
2600 GA Delft, The Netherlands 

The defect structure of Bat-xUxF2+2x solid solutions (x<O.l7) which exhibit 

fast fluoride ion conductivity has been investigated by neutron diffraction, 

Thermally Stimulated Depolarization Current (TSDC) measurements, and a novel 

technique comprising neutron diffraction on a polarized solid solution. 

The diffraction pattern was scanned in the XOO/OYY plane, and fitted to 

computed diffraction patterns of defect clusters. It appeared that the major 

fraction of the UF4 content is present in (212) clusters compr.ising one dop­

ant ion, four fluoride interstitials, and two fluoride ion vacancies. They 

do not form larger aggregates at high solute levels like the reported clus­

ter aggregation in Bal-xLaxF2+x(l). 

The TSDC spectra of Bal-xUxF2+2x (x<O.OS) reveal six relaxation peaks with 

concentration' invariant positions, but concentration dependent magnitudes. 

A .space charge peak related to ionic conductivity decreased over 200 degrees 

with increasing solute content. Migration enthalpies derived from the space 

charge peaks compare very "'ell with conductivity activation enthalpies. 

The six dipolar relaxations can be related with the possible reorientations 

of a polarized (212) cluster. A direct indication of its freedom of orienta­

tion is obtained from neutron diffraction experiments at liquid helium temp­

erature on a polarized Ba0 . 95u0•05r2•10 crystal. This novel approach in the 

study of defect clusters revealed _a significant change io the diffraction 

pattern due to a polar1zed state of the (212) cluster. 

The results of the present study will be related to the composition depen­

dence of the ionic conductivity of the Ba 1_xUxF2+2x solid electrolytes. 

I. J.K.Kjems, S.H.Andersen, J.Schoonman, K.Clausen: Physica 1208, 357 (lq8Jl 

•• 
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NEUTRON POWDER DIFFRACTION STUDY OF THE STRUCTURE OF THE COMPOUND 
l.I0.31l.a0.56Ho0~ 
E. l.UKACEVlC, A. SANTORO, and R. S. ROTH 
National' B.ureau of Stnadards, Gal thersburl, HD 20899 

The structure or the title compound has been analyzed by neutron 
powder diffraction techniques and by the Rietveld method. The material 
crystallizes with· the symmetry of space 1roup 1q11a. The lattice parameters 

are a • 5.335, c • 11.579 a. The framework structure is or sheellte type. 

The t.a3• Ions are statistically distributed on the sites qb. The Ho6• Ions 

fully occupy sites 4a and the o2- Ions sites 16! with x • .1q13, y • .0116, 
z • .2074. The R-tactors at this sta1e or refinement are RN • 6.52, 

RP • 6.27, Rw • 8.01 and the expected value Is R£ • -.46, There are several 

possible locations tor the 1.1• Ions. A likely position would be site 8e 

with z- 318. In this confl~ation the l.i+ Ions would be placed halfway, 
- 6• 3• alon1 the b-axls, between the Ho and the La cations. So far, however, 

attempts to locate these Ions have been unsuccessful and·retlnements or the 

structure seem to be peculiarly Insensitive to the 1.1• positions • 

.. 
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STRUCTURAL ·SlUc'Y (l< Agl:AclO:BaO" GLASSES 
BY EXAFS SPECTROSCOPY 

.. . . ~ .. .. 
G.OALBA •. 1\.FO~TANA. P.FORNASINI. ~ 

• Oipartl.niento di f1sica,Univers1ta di Trento. 38050 POVO TN. ITALY 
e Centro di Fisica degli stati aggregati ed impianto ionicc del CNR. 

38050 POVO TN, ITALY . 

EXAFS spectroscopy is a powerful tool for the investigation of the short 
range order in amorphous materials •. In particular for mul ticomponent systems 
EXAFS. due to its selectivity. can give direct information on the coordina· 
tion of single atomic species. 

The structural study .of t .. he fast ion conducting glasses Agl:AgaO:B.zO, 
by EXAFS is in progress since two years. 

Our attention was. firstly dedicated to the binary matrix Aga 0: B.a 0!1 at 
different relative concentrations of the components. The coordination of 
silver ions has been de-termined • ( 1, 21 

In this work we present structural results· concerning the ternary 
glasses Agi:AilO:B.zOa • EXAFS measurements have been performed at the L

3 and ~ edge of silver and at the L
3 

edge of iodine for various relative 
concentrations of the components • 

The EXAFS at the L3 edga of iodine shows a first coord.ination shall 
strikingly similar to that of J-Agi for all the glasses considered. 
This means that each iodine ion is surrounded by four silver ions at a 
distance of about 2.8 A. This similarity lacks beyond the first shell. the 
glasses bein& caracterized by a more disordered situation. 
A more accurate analysis is in proaresa to study tha slight variations of 
interatomic distances and Dabye-Wsller.factors for the first shall as a 
function of concantration,and to verify the possible existence of a second 
shell due to iodine-iodine distances. 

The EXAFS study is completed by the analysis of the edges of silver. 
This analysis discriminates the two possible first shell. coordinations 
of silver: Ag-O and Ag-I. end will.allow to determine interatomic 
distances and coordination numbers for the Ag-I bonds. 

Final aim of the EXAFS analysis is to give a precise picture of the 
bonds of t~e silver ions on the one hand with. the borate networ~. on the 
other with the iodine ions. 
This should contribute to understand whether all silver. ions contrib~te 
to the ionic conduction in the same way or the silver.ions bonded to iodine 
play a predominant role. 

(1) E.Bernieri at al •• Sol.St.Comm. 48,421 (19631 
(21 G.Oalba et al., to be published 
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INVESTIGATION ON ION TRANSPORT IN SOLIDS USING ELECTRON MICROPROBE 

Chu•Kun Kuo and Xian Ting Li 
Shanghai Institute of Ceramics 

Chinese Academy of Sciences 
865 Chang-ning Road 

Shanghai 200050 
China 

Electron microprobe X-ray analysis (EPHA} studies have been 
conducted of ion conducive solids of various electrical conductivities. 
Electron bombardment during EPHA can create a negative potential 
which induces ions to migrate and excite X-ray photons for in situ 
analysis of the concentration of both mobile and inmobile ion 
components. 

1. Ionic c"rystals of negligible conductivity 
In this group of solid charge transfer generally comes from 

thermally activated point defects. Very low content carrier at 
low-moderate temperatures makes the mobile ione or vacancies 
concentrating and deconcentrating appreciably. Stable EPHA curves 
were obtained for the normal chloride and oxide single or poly­
crystals. 

2. Solids of low ion conductivity 
The instability of EPHA counts was observed on alkalai-con­

taining glasses and minerals some years ago. Decrease in Na X-ray 
counts against bombarding time has been reproduced here for tha 
silicate glass and crystalline materials. The fall of EPKA curve 
is dependent upon the probe beam diameter as well as the beaa 
current. 

3. Fast ion solids 
The Na and Ag X-ray counts of the sodium and silver ion conduc­

tors of high conductivity increase with the EPKA time. In most cases 
the curves are characteristic of more or less steep rise in counting 
rate and a followed plateau. Decrease in the concentration of inmo­
bile components also occurs accompanyin& with the accumulation of 
mobile tone. 

4. Ion transport mechanism 
The composition changes induced by EPHA can be fitted by 

using the ion transport equation with a source of diminished carrier 
concentration. Good agreement has been reached among the observed 
and calculated X-ray counta for both the sodium ~nd silver ion 
conductors. The decreasing ·EPHA counting rate of some poorly conduc­
tive solids may be tentatively accounted for by ion transportation 
followed by charge neutralization and metal vaporization processes. 

' 
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ANION DISORDER Al:D ITS RESULTING IONIC CONDUCTIVITY OF ~-rb Bi F 
1-x x 2+x 

(x~0.30) and ~-Pbl-xYxF2+x(x~0.20J SINGLE CRYSTALS 

Yoshiaki Ito and Kichiro Koto 
Institute of Scientific and Industrial Research, Osaka University, 
Mihogaoka 8-1, Ibaraki, Osaka, 567_ Japan 

Shinzo Yoshikado and Tadashi Ohachi 
Department of _Electronics, Doshisha University, Kyoto, 602 Japan 

lt has been found by .. many workers .that the ionic conductivity of 8-PbF2 
can be increased ·by both monovalent(Uang and .. Joshi, 1976, Bonne and 
Sl!hoonman, 1977) and trivalent(Lucat,et ·al.., 1976 and 1980, Reau et al., 1983i 
cation dopants in the extrinsic region. Reau et al.(l983i investi~ated the 

·influence of polarizability of the trivalent cations on ionic conduction. 
Their r_esults did not give any suggestion .on the ionic conduction of anion 
excess· 8-PbF2. All the· above works and · atruc'ture studies (Lucat et al., 1980) 
were carried out using powder samples. In this work using single crystals, 
we studied the crystal structures of 8-PbF2-BiF3 and ~-PbF2-YF3 solid solu­
tions and the effect of the high concentrations of trivalent cations(Bi and Y~ 
in ~-PbF2 on the ionic conductivity. 

a-PbF2(99.9:t, :lerck), BiF3ilow temperature form, ultrapure, .Ufa) and 
YF3(99.9:t, Alfa) in powder form were used without further purification. The 
solid solutions were prepared by melting well-blended mixtures of appropriate 
amount of PbF2 and MF3(H • Bi and Y) in· the nitrogen atmosphere. An amount 
of 1000 mg for each sample was sealed in an Au capsule under nitrogen gas. 
The sealed sample in the capsule vas heated at temperatura above the melting 
point of ~-PbF2 for 30 min in an electric furnace.. The sample was then 
quenched from hi@h temperatures to room temperature. 1 

The intensity data collection of the Bragg reflections was made using 
a four circle diffractometer at room temperature. Ho Ka(60 kV, 200 mAl was 
monochromatized by pyrolytic graphite. Symmetry-independent about BO<iFol> 
3o(!Folll reflections within 26<100° were obtained by averaging the equivalent 
reflections in an octant in reciprocal space. The structure ·refinements were 
carried out by the least-squares and Fourier synthesis methods. The scale 
factor and independent temperature factors of Pb(H) and F ions were refined 
and then the difference Fourier syntheses were calculated with the structure 
factor of only Pb(Hl ions. The electron density distribution around F ions 
thus obtained shows anharmonicity and the existence of the interstitial posi­
tions. However, the aspects of the distribution of the interstitial sites 
are apparently different for ~-PbF2-BiFJ and ~-PbF2-YF3 solid solutions. 

The measurements of the ionic conductivity on single crystals were car­
ried out in the temperature range from 240 to 370 K. The measurements of the 
complex conductivity were made from 10 Hz to 10 HHz with a HP 4192A LF. 
impedance analyzer in an atmosphere of dry nitrogen gas. The frequency-inde­
pendent part of real part of the complex conductivity has been considered as 
an ionic conductivity concerned with fluorine ions. The value of ionic con­
ductivity at any temperature for ~-PbF2-BiF3 solid solution has the maximum 
value at 20 m/o BiF3 and the activation energy has the minimum one at the 
same value which contrast with the results which were reported to be at 25 
m/o BiF3 by Lucat et al.(l976). However, that for 8-PbF2-YFJ solid solution 
has neither the maximum value for the ionic conductivity nor the minimum one 
for the activation energy which are similar to the results using powder sam­
ples(Reau et al., 1983). 

P25/FC-2 
AN EXAFS STUDY OF ASF, FLUORITE-RELATED ANION CONDUCTORS 

C.R.A. Catlow,' A.V. Chadwick,' G.N. Greaves' and·L.H.Horoney 1 

'Department of Chemistry, University College LDndon, 
20 Cordon Street, London WC1H OAJ. 

'Department of Chemistry, University or Kent at Canterbury, 
Canterbury, Kent CT2 7NH. 

•science and Engineering Research Council, Oaresbury Laboratory, 
Dares bury, Warrington WA4 4AD. 

AnalysiS of .the extended X-ray absorption fine structure (EXAFS) 
observed on the .hlgh-enerliY side or the X-ray absorption edges yiel'ds 
1 nformatlon about .the local structural' env ironilent or the ·absorber atom 
type. It is possible with this technique to study short range structural 
ordering about different specific atom types within one sample. We have 
applied _the technique to the fluorite phase or the anion conductor Rb8iF, 
which has an exceptionally high fluoride ion conductivity 
(5 x 10"' n·•cm' at 100•C (1]). Our work revealS marked dif(erences in the 
Rb and 81 environments over a range or temperatures. This effect could not 
be detected using diffraction techniques which yield the averase cation 
environment only. In the case or the 81 L(llll EXAFS, there was a 
negligible change in amplitude and frequency or the EXAFS over the 
temperature range 80 K to 473 K. The Rb K edge EXAFS showed a marked 
decrease in frequency and amplitude over the same temperature range •. This 
effect was attributed to a preferential stabilisation of r·vacaneies at 
sites rich in Rb nearest neighbours. The stabilisation u. thought to 

.involve significant relaxations of ions around the vacancy resulting in an 
1 ncr ease in the as)'lllllletry or· Rb-F diStances which would lead to the 
observed changes in amplitude and frequency of the EXAFS. This sugsests 
that the electrostatic advantages conferred bY vacancy formation adjacent 
to the ·monovalent cation outweigh the potential vacancy stabilisation 
offered by delocalisation or the 8i'' lone electron pair. To explore the 
role or poiar1Sab1lity and charge of the two cattons in these compounds 
further, we have measured the EXAFS over a range' of temperatures for the 
related compound, PbSnF,. In addition to these data, we have obtained 
EXAFS information for RbReF, compounds where Re is a trivalent rare earth 
ion. The results of computer simulation predictions of relaxations of ions 
in response to the formation of vacancies at anton sites with differing 
ratios or the two cation types in the nearest-neighbour shells will also 
be presented. 

(1] S.F. Hatar., J.H •. Reau, C. Lucat, J. Crannec a.nd P. Hagenlluller, 
Hater. Res. Bull., .!2• (1980), 1295-1301. 
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CONDUCTIVITY OF Gd-DOPED NaYF 4 

K. Narasimha Reddy 
Physics Department 
Osmania University 
Hyderabad 500 007 

India 

Solids of different types have been used as solid electrolytes. 
NaYF 4 is such a solid now investigated from various points of view 
to yield valuable information about its transport properties. 
NaYF4-type of solids have structure isomorphous with CaF2 in 
which Ca ions are replaced randomly by Na and Y ions. In such a 
system. no studies have been done so far to understand the 
dynamic behaviour of mobile fluoride ions and yttrium ions at high 
temperatures. The conductivity of NaYF 4 pellets doped with 
different compositions of gadolinium. x = 0.01, 0.03, 0.05, 0.10 and 
0.15, was measured at several temperatures over the range of 25 to 
soo•c. It is found from these measurements that with increasing x, 
the conductivity increases and passes through a maximum at 
x = 0.05 at 300"C. The solid material is thermodynamically stable 
and can be prepared easily. These results are explained on the 
basis of thermal ionization of impurity and imperfections. 

P27 /FC-4 

Revised Subsolidus .,Phase Diagram of the System SrF 2-LaF 
3 

Masahiro YOSHD!U::t.l\., !(wang Jin !:I:!-1, Shiqeyu:..i S5~!!'!J. 

The solu:,ility in t~e syste:11 SrF2-La:-3 we:e s'::·Jcied 

by solid state reaction (1400,1300,1000 a~d 75J"Cl ~si~g 

Pt capsule and hydrother~al reaction (7S0,650 and soo•cl 

using the lOwtt LiCl or otner solutions. Star'::ing sa~?les 

were (ll mixed and (21 fired sanples of Sr:2 and LaF 3 

powders (99.9~). At any te~peratures, a linear relation 

bet:.oeen t:te c:mpositions and t!le lattice para!':leters of the 

solid solutions of each phase (Sr:2s.s. or LaF 3s.s.) c~uld 

be obtained . corres~onding to t!\e Ve;ard's law. Tte solu­

bility liwits in s::2ss we:e 48,48,47,47 and 46 col\ LaF3 , 

and these in LaF 3ss we:e 15,10,6,4 and 2 ~ol\ s::2 (all de­

via'::icn; : 1 ~ol\l at l400,l000,750,6SO and soo•c :as~ec-

t~vel:t by X-:-ay ~easur~~ents. 

Res.Lab • .E:nq.!1ate:. ,and Oept.:-!atar.Sci. ,Tc.i(;ro I::st.'!'a=::noloqj' 

4259, Naqatsuta, Midori, Yokoh~a. 22i Ja?an. 
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T!!r lltctrpcl!tiii!CII !nl!rt!pr pf LUII!ulll !1'•0 B!ucllr!l fg~usu,,. Htutu:";atttt Tr.;~ 

r1lmt: A Ntw llrctrQWAIII!; llltlm! 

5-K Jaa, I.D. R&lttr!tll and R.A. Hugg1n1 

Dtpt, af Mattrl&lt Scltntt ana ln;1nttr~ng 

St1nf01'd Unlvtrl!ty 

St1nfora. CA 94305 

Tilt pattntal u11 of r0•3wo3•15 tll1n hlmt n 1 litlliulll-b&st!l tltctracllrom~t 

tlillll&y llattrl&ll 1111 DUn ttudltd. Tht ChtftiiC&I dlffUIIOI\ COtffitltnt Of ht~IUIII 1n tllll\ 

falmt Of tllll lll&ttrl&l ll~tpartd Dy tlltrllal V&euu• IV&PDr&tiOn 11\d blt&CIItd by Oxid&UOI\ 

hat bttn mtuurtd u 1 function of 1it111u111 conctnt•&hon u11ng till galv&nottauc 

trantltrt ttcMIQUt, Clltlllle&J AlffUIIOr' COt'fiCII~tl &I IIIQI'I II 10-IO cm 2/stt &t room 

tt•lli~&turt wtrt obt&lntd 1n p•tftrtntlllly orttnttd t~1n films, No dtgr&d&tlo, wu 

ollttrvt!l &ftrr ovtr 1000 attp cycln u11n; constant valtlgt pu!tn. 
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SvLilJ I:.LECThOCttkO~:IC SYS'i'F.t.; BAS):;lJ 01• 

TUHGSTEN OAlDI:. ANll !~ICKEL HYIJHOXIDI:. 

A.H.LUSIS, E,V,PENTYUSh, V.V.BETS, J,A,BJ::NDEHS, G,E,BAJARS 

institute of Solid State Pbyaics, Latvian State University, 
8 Kengaraga Street, Riga, 22606), USSR, 

The moat deeply and widely studied solid electrochromic 
system today is the Deb's thin films system(Sn02/W03/Si02/Au). 
Protons and electrons for coloration-bleaching process in the 
wo3 are supplied by electrolysis of water adsorbed from at­
mosphere at the Au/S10x interface[I].The water adsorption and 
evolution of gases on the top electrode Au leads to extra ener., 
gy losses, increase of response time and decrease of stabili­
ty of the syatem.A system with cathodic and anodic electro­
chromic materials has to be without these shortcomings [2]. 

'lie .have investigated the system ITO/W03/Si02/Bi(OH)2/Ke, 
where Me stands for different metals.The electrochromic beha­
viour Of Hi(OH)2 has been simulated in other SJStem. with so­
lid or liquid electrolJtes.Tbe electropbJaical properties of 
the system have been determined and interpreted on the basis 
of data of voltammatric, coulometrio and optical meaaurementa. 
It has been shown that the values ot differential alectrochro­
mic efficiency depends on the applied voltase and charge.At 
small voltages it is determined by the recharge of electrode 
capacities, but at high voltages (~2Y) by the evolution of o2 
and H2 .The electrode Me doea not take part 1D the electroche­
'mical reactions involving protons tor coloration process as 
1t is 1n the Dab's ayatem.The rata of the coloration-bleaching 
process 1s determined mainly by. the valosity of the proton 
transport through the 5102 layer from one electrochromic lay-, 
er to the other. 

I• A.R.Luaia, J.J.Kleperia, A.A.Briabka, i.V.Pentyuab, 
Solid State Ionics, I), 219 (1984)• 

2. J.L.Lagzdons, G.E.Bajara, A.R,Luais, Phys.atat.sol.(a), 
84, K -rn (I9B4). 
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Electr1cal Double Layer Capac1tor by Using <:"-Al
2
o

3 
Con­

ta~nlng f1ne Carbon Particles as Electrolytes 

Xue Ronq-j1an and Ch~n L1-quan 
Institute ot ~nys1cs, Chinese Academy of. Sciences, 
P.O.Box.603. Bei)lng, Ch1na 

(Abstract) 

It has •been found' that o"-Al2 o3 containing fine carbon par~ 

tic les ( 1~6wt" )·: are good lonic· conductors· with higher ·conduc­

tivity than that .of pure one. A series ·of nonpolarity capaci­

tors were .constri.icted using these solid electrolytes and carbon 

electrodes. At roo.:n temperature their de parameters are as 

follows: specific capac1tance reaches. up to a few farady per 

square cent 1:neter: leakage current less than a few mA in one 

'Tllnute: equivalent series ·resistance is a few kf:; breakdown 

voltage not less than lOV. The capacitance decreases with the 

frequency increase until it is independent of the frequency. 

The dependence of capac(tanc~ and le~kage risistance on carbon 

content are very interesting, a minium (for capacitor) and ma­

Xlum (for leakage resistance) appearing at certain carbon con­

~ent which sh1fts somewhat with different processing procedure. 

The impedance spectrum analysis has been finished with Solar­

~ron 1114 for so:ne of the capacitors. All results are dis­

:ussed in detail-

PJl /OA-4 

A NEW HIGH PERFORMANCE POTENTIAL MEMORY DEVICE 

ShuYuWang 
Harbin Reseach Institute of Electronic Components 

P. 0. Box No. 44 
Harbin 

The People's Republic of China 

In recent years, with ·the growing development and research 
on rapid ion conducting materials, various solid state ionic devices 
have appeared which are based on these materials. 

By means of chemical synthesis the author. has successfully 
composed the solid state electrolyte Ag814W04 and the mixed con· 
ductor (Ag2Se)0.925-(Ag3PO,J0:075, from which a high performance 
potential memory device, the Model DJ-1, has been developed. 

The· configuration of the device is expressed as follows: 

Ag I Ag+S I S I m I S I S+m I m 

I I I 
- ·• reference electrode 

where s is the solid state electrolyte AQe14 W04, m is the mixed 
conductor (Ag~)0.925 - (Ag3PO.Jo.075· 

The device bears the features of a large capacitance 
(1Q0-150 ,.AH), a high capacitance accuracy (less than ±10'llt), a 
wide range of ·operating temperatures, particularly the lower limit 
(-40•C - + ss•C), a minimal capacitance change during high to low 
temperature cycles (less that ±15%), minimal overvoltage of less 
that 0.5 mV (1 mA), small size ("14•12 mm for 100 ,.AH; 9x15x17 mm 
for 150 ,.AH), a large input current and a good memorizing function. 

Electrical characteristics of the device are thoroughly 
investigated with a view of the requirements by electronic circuits, 
for example, the capacitance errors when charged with different 
currents at room temperature: the low current charging 
characteristics under different temperatures; the capacitance 
performance with temperature: the temperature performance of the 
holding potential and the storage of the device. Thus the device 
meets the requirements of electronic circuits quite weir and finds its 
wide application in electronic equipment with its unique advantages. 
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MODEL FOR THE INTERFACIAL IMPEDANCE 
BETWEEN A SOLID ELECTROLYTE AND A METAL ELECTRODEl 

J. c. wan~ and J. B. Bates 
Solid State D1v1s1on,ak Ridge National Laboratory 

Oak Ridge, Tennessee 37B31 

The Interfacial impedance between a solid electrolyte and a metal blocking 
electrode can often be described by the form 

Z(w) • A(jw)-n (l) 

over several orders of frequencies,2 where A Is independent of frequency w and 
j•r-T. The value of n usually lies between that for a pure capacitor (n•.l) 
and that for a Warburg impedance (n•1/l). In this paper we present a model to 
relate the impedance shown in Eq. (1) to the roughness of the interface. 

The roughness of the interface is modeled by pores on the electrode, and the 
impedance of a pore is approximated with a transmission line with distributed 
resistance and capacitance per unit length, r(x) and c(x), When both rand c 
are constant, the impeaance of the transmission line becomes that of a warburg 
(n•l/2). This corresponds to a pore in form of a long channel which has been 
used by De Levie to model a porous electrode,3 We have generalized the 
Warburg impedance to values of n other than 1/2 by deriving several pairs of 
r(x) and c(x) that give the impedance in the form of Eq. (1), For example, if 
r(x)•exp(axl and c(x)•exp(bx), then n•a/(a+b), If r(x)•(c+x)a and 
c(x)•(£+x)-b with c being a small constant, then n•(a+l)/(a-b+l). This means 
that if pores with these r(x) and c(x) exist, they will behave according to 
Eq. (1). · 

Pairs of r(x) and c(x) for pores of various shapes and sizes have been calcu­
lated. It is assumed that the material inside the pores has the same conduc­
tivity as that of the electrolyte and that c(x) is mainly determined by the 
double layer capacitance at the metal surface inside the pores. The results 
demonstrate that some of the pores have an impedance close to the form of 
Eq. (1) over wide frequency ranges and that pores with diameters of several 
microns are relevant to impedance measurements over frequencies of interest. 

In general, an interface may contain many pores with various values of n. 
When they are put in parallel, it can be demonstrated that the resultant impe­
dance can be described roughly by Eq. (1) with some effective value of n, n. 
The value of n is controlled by pores with large nat low temperatures, This 
can quantitatively explain the experimental result that n decreases with 
increasing temperatures,2 

!Research sponsored by the Division of Materials Science, u.s. Department of 
Energy under contract DE-ACOS-840R21400 with Martin Marietta Energy Systems, 
Inc. 

2J, B. Bates and J. c. Wang, "Impedance of Metal-Solid Electrolyte Interfaces," 
this conference. · 

lR, Oe Levie, Electrochim. Acta!· 7Sl (1g6J) • 
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TRAC~R u!FF~S!ON IN A ONE-DIMENSIONAL LATTICE GAS IN THE 

PRESENCE OF A DRIFT FORCE 

R. Kutner: Institute of Experimental Physics, University of 

Warsaw, Hoza o'l, 00-&81 w·a·rszawa, Poland 

H. van Be I jeren: lnstitut fur Theoretische Physik A, Rheinisch­

Westfalische Technische Hochschule, D-5100 Aachen, 

West Germany 

The influence of an external constant drift force on 

tracer particle diffusion in a one-dimensional l~ttlce QaS 

is investigated analytica-lly as well as nurerlcally by Monte­

Carlo simulations, very good agreement being obtained between 

both independent approaches. The lattice gas model consists 

of particles of arbitrary concentration which interact only 

like repelling hard point cores. The particles can jump 

stochastically to unoccupied neighboring sites with dif­

ferent jump rates In and against the direction of the drift 

force, respectively. 

A theory for the dispersion I I .e. mean-square displace­

ment of a tracer particle with respect to its average drift I 
as a function of time [1) is developed by a d"lrect extension 

of the method given in Ref. 2. "The dispersion is shown to 

behave dIffusive I y for I arge times, In cant rast to the case 

where no external force Is present. 

!!!!!!!!:!!~!:!!~ 

1. R. Kutner and H. van Beljeren, J. Stat. Phys., to appear. 

2. H. van Beijeren, K.W. Kehr and R. Kutner, Phy~. Rev. 828·, 

5711/ 1983/. 
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SIMULATION OF FRACTALS OBJECTS OBTAINED 
BY INTERCALATION IN LAYERED COMPOUNDS 

B. SAPOVAL, H. ROSSO and J.F. COUYET 
Laboratoire de Physique de Ia Hati.re Condensee 

Ecole Polytechnique 
91128 PALAISEAU CEDEX FRANCE 

A computer simulation of the diffusion of ions on a 20 lattice is pre­
sented. It is obtained in the case of hardcore interaction with first nearest 
neighbor. After a given time the line separating the diffusion source from 
isolated intercalated clusters is a fractal object with fractal dimension 
D • 1.76:~.02. (see Fig.· 1). Discussion of this problem in connection with 
percolation theory predicts D • 7/4. 

Fit;ure 1. F~actal difh:si\Jn front :lo!!s are reopresented by a square here gre}• 
or white. They are diffusing from rhe top of the figure on a 20 square latti­
ce. The concentration at the diffusion source is kepr constanr,equal to one. 
The empty sites are black. Th~ diffusion front is made of those ions which 
are connected to tl1e diffusion source via L1r~t neigbors and which.are near 
an empty site connected to the empty lattice. lt i~ shown as the "hite line. 
This is a fractal object. 

P4/TH-32 

UNDERDPMPED SYSTEt1S 1\ND LATTICE GAS MODELS 

T. GOBRON and J.F. GOUYET 

Labaratoire de Physique de La Matiere Condensee, 
Eco:e Polytechnique, 91128 Palaiseau, France 

The generalization of lattice gas models to Kramers reqimes(l) 

has teen considered on one hand in the case of dilute systems for 

"':hich a Boltzmann equation has been derived which put on clear 

physical basis the model proposed in 1972 by Rice and Roth
121 

for 

ionic transport in superionic conductors.· on the other"hand for 

systems with a large density of mobile particules a model of elastic 

collisions is considered, for which some interesting results can be 

obtained. 

{l) '!. Cc-..:::;h~!.cb .J.nd J.F. Cc-.;j·ct, :clid !;t3t~ tcr.ics 2_!. !.'::.', 1·101 (~~~3). 

(2l M.J. Rice and ILL. Roth, J. Solid State Chem. :!.' 294 (1972). 
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SHiUL..TlUN U~ TH: 1Nn:HGkl.h1JLAR H:l'l:;i!ANCE 
01' SvlHUM lv!. C0lii.lUGTlVE CEhAI•ilCS 

KUu CHU-KU~ and YAN Yl-MIN 
Shanghai Institute of Ceramics, Chinese Academy of Sciences, 

865 Chang-ning Road, Shanghai 200050, China 

Observations on Na+ fast ion polycry~tals usually give 
complex impedance diagrams showing non-ideality, where the 
intergranular component impedance degrades to an arc with its 
center below the real axis. The non-ideal intergranular 
impedance can be interpreted by a. model of distribution of 
ion conductivity relaxation times. The equivalent circuit 
involved here is composed of a series of parallel RC pairs. 
The co~posite intercrystalline impedance therefrom is 
expressed as follows: 

z• = ke(Z) + lm(Z) =1:, 
k 

where Rk and Ck repre·sent the resistance and capacitance of 
kth component. , when neglecting the. variation of the 
capacitance and inserting an one dimensional probability 
function· into the impedance formalism, we obt.ain 

z• = Re(Z) + Im(Z) =I: xf(x) 
x 1 + iOICX 

where x is resistance variable and f(x) is a specified 
probability finction. Simulation and fitting computations 
have been performed on given probability functions. 

Examples presented concern the Nasicon and Beta alumina 
ceramics. The distributive pattern of the intergranular 
im~edance is assumed to be associated with the varying of 
the concentration of the mobile ions. 

'-

P6/TH-34 
l'HERFACE RESISTANCE IN A HOPPltiG MODEL 

R. Blender and W. Dtet~rich 

Fakultat fur Physik, University of Konstanz, 7750 Konstanz, F.R.G. 

Diffusion across the interface between two solid ionic conductors is a problem 
of great practical importance. The properties of hopping models in the presence 
of an interface, however, have not been studied sufficiently in the past, des­
pite of their success in describing transport properties of bulk ionic con­
ductors. Here we consider the simplest case of a many-particle hopping model 
with exclusion of multiply occupied sites. Our aim is to relate the interface 
resistance to the parameters of two specific barrier models. In the first 
case the hopping rates in a plane boundary are modified as compared to the 
bulk. The frequency-dependent conductivity is obtained exactl~. Secondly, we 
assume. that the boundary leads to modified site energies. The main differ­
ence to the previous case are the nontrivial correlations which appear in 
the current-carrying steady state. This point as well as the current-voltage 

characteristics are examined by Monte Carlo studies. 
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LOCALIZATION VERSUS DELOCALIZATION OF ORBITALS IN THE 
QUASI-ONE-DIMENSIONAL CONDUCTOR Ne0 _;nY 2o5 

blJ 
lnna M Cureleru 

Department of Matenels Science end Engineering 
Umvers1ty of Utah, Salt L.,ke City, Utah 84112 

and 
Eero Suoninen 

Oepertment of Phy~1cal Sciences 
unwers1t.y of Turku. ;:osoo Turku, Finland 

The bet., phase IJf the sodium vanadium oxide bronze Nllo :53v2o5 extends 

from x:•).2 to x:O 4. Well inside the st~:~bility ran~~- at ;~:0.33, the electncel 
conducl.l'llty un•lergoes en ebrupt ch8nge ~nd the meteriel becomes a QU8Si­
one-•llmenslonel conductor we present e study of the electronic str.JCture of 
N~:~0 33v2o5 by x-ray photoelectron spectroscopy (XPS) end eppe~:~nmce 

potentHll spectroscopy (APSl Wh1le the difference between the Ferm1 level 
olf the s~:~mple metenel <es detenmned by XPS) end the edge of the venedium 
APS spectrum indicetes strong final stele meny-body effects due to the 
lor.a11zed charecter of the excited orbltels, the presence of 11 negetive 
•Jndershoot in the APS spectrum suggests 11 n~ther efficient screening 
(therefore an exten•led charge mobility) at the s1t.e of the excited etom. These 
.,pperently .:onfllcting dele support the idee of domein formet1on 1n the 
so•lium vened1um oxide bronze Ne0 33v2o5 . 
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ABSTRACT 

FAST HALIDE 10~ CO~~UCTI~G LEAD XETAPHOSPHATE GLASSES -

A FAILED DIVALENT CATION CONDUCTOR 

H. G. K. Sundar and C. A. Angell 
Department of Chemistry 

Purdue University 
West Lafayette, Indiana 47907 

Following the observation that Pb2+ cations may be highly mobile in 
8-Al 2o3, we have explored the possibility that Pb 2+ cations may also have a high 
mobility in appropriately chosen oxide glasses. Acting on th~ evidence that 
monovalent ~ation halides dispersed in metaphosphate glasses behave as if under 
isotropic tension, ~e conducted initial studies on Pb{POJ)z-PbX2 glasses. These 
have wide glass-forming ranges--up to 80 mol% halide in the case of PbBrz, 
except in the case of Pblz which could not be incorporated. Conductivities use 
exponentially with mole fraction of halide and reach lo-so- 1cm-l at zs•c for 
PbCl·z at ~bClz • 0.60 , the highest ambient temperature anionic conductivity 

on record. The conductivity is attributed to anions as the PbC12 glasses have 
higher conductivity at equal mole fraction that for PbBrz glasses. The pre­
exponent is also larger for the PbC12-containing glasses consistent with expec-. 
tations for a simple "rattle-and drift" mechanism. 

P9/G-2J 

tonic Conduct ivtty, Raman and IR Spectra of L1AISi04 Gl'au 

A. Pechenik,* D. H. Whitmore, M, A. Ratner, s. Susman** 

Departments of :-iaterials Science 11nd Engineering and Chemistry and 
~aterials Research Center, Northwestern University, Evanston, IL 60201 

8-eucryptlte and ita glassy counterpart, LiAISi04 glass, are good Li conduc­
tors at elevated temperatures (>soo•c). Studies of LiAISi04 glass are reported 
here. The glass has been prepared by a high-temperature melting techni~ue and 
characterized by density measurement~, differential thermal analysis, and X-ray 
diffraction. It has been determined that the prepared glass contained less than 
0.01 wel~ht per cent of the crystalline phase, exhibited heterogeneous nucle­
ation, and was of the same stoichiometry as that of ita cryatalltne counterpart, 
S-eucryptlte. The glassy material exhibits high values of ionic conductivity at 
elevated temperatures (a -lo-l (O cm)-1 at soo•c). 

The structure of LLA1SL04 glass has been investigated using Raman and IR 
spectroscopy and the assignment of vibrational modes to observed bands in the 
Raman and IR spectra has been performed. We discuaa Raman and IR spectra of 
LiAlSL04 glass in terms of the normal vibrational modes of Si04 and Al04 tetra­
hedra, strongly coupled through an intertetrahedral angla. 

Baaed on the results of the experimental work, the following model for lonlc 
transport in this material is proposed: The glassy ne~work of Si04 and Al04 
tetrahedra constitutes a disordered lattice of available altea for Ll Lon migra­
tion. There are two types of Ll+ sites on the lattice: aitea which are close 

· to Si04 tetrahedra and sites which are close to Al04 tetrahedra. The two altea 
are not energetically equlvalent since it la eKpected that Li+ sitea which are 
close to Al04 tetrahedra should have stroAger bondlng energiea than Ll+ sltea 
which are close to Sl04 tetrahedra. The two typea of sites are randomly distri­
buted in the matrix. We show that the Lowenateln rule La not satlsfied for 
LiAlSL04 glass. Lithium lona occupy only one-half of the available altea and 
can migrate from one site to some nearest-neighbor unoccupied slte by a hopping 
mechanism. The jumplng frequency of Li+ lons is found to be close to -6 x 
1012 sec-1 (-200 cm-1), 

*Dow Chemical Corp., ~ldland, Ml 48640 
**Argonne llatlonal Labs., Argonne, IL f\04)9 

.,. 
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.ILL-HALIDE St:PERIONIC GL\SS<:S 

Ch3n<le Liu and C. A. Angell 
D~?~rt:ment of Chemistry 

Purjue University 
~est Lafayette, Indiana 47907 

To dare all rhe highest conJuctin~ A~+ and alkali cation glasses have in­
volved aJ:nixture of a halide, usual.ty the iodide. with su::~:e 0xyanion salt o[ 
the same cation. In this raper we report cases where the cxyanion can be 
omitted. Instead a se..:ond ~..:.:ltion is introduced to provide, together with a 
mixture of anions, the iomobi l~ quasi-lattice through which the mobile c.ltions 
Ag+ or cu+ can migrate. In these new syste~3 conducti~ities at 25°C can reach 
record v.1lues. Glass tr.Jnsition temperatures .1re ,lo\.'er than for oxy.lnion­
containing glasses of :he same c0nductivity. Since they contain only heavy 
monovalent ions the far IR transparency of the n~w glasses is unprecedented. 
Near 20 mole7. CsCl crystallization of the quenched glass to a transparent 
polycrystal, ~<ith an even higher 2~·c conductivity, of 0.14 occurs. This phase 
shows CP and EA anomalies at -so•c like those in RbAg~Is. It is metastable, 
however •. 1nd with further he.:tting recrystallizes to a lev-conducting form 
which is probably multiphase. This implies that the high conductivity of the 
glass is due to a local structural organization similar to that in the RbAg~ls 
crystal. 

Pli/G-ZS 

ANELASTIC RELAXATIONS IN Agi-DOPED BOROPHOSPHATE GLASSES 

G. Carini, M. Cutroni, ·M. Federico and G. Tripodo 
Istituto di Fisica Generale and Gruppo Nazionale di Struttura della 
Materia del C.N.R. - Mesina, Italy. 

An ultrasonic study ( 5 + 45 Mhz) of the loss characterstics in 
glasses of the "quaternarY" system Agi:Ag 2o:e2o3:P2o5 01as carried out 
in the 77 + 400K temperature range. 

-The laes behaviour is characterized by a broad peak that shifts at 
higher temperatures with the frequency and by an rn dependence in the 
high (n;;2) and low ( n:. 0. 7) temperature tails of the peak. the height 
and the. temperature location of the peak are respect1 vely increasing 
and decresing functions of the Agi content. 

Thermally activated relaxations of Ag+ ions, weakly bonded and 
mobile in the glassy network, are assumed to be the origin of the 
observed dissipative processes. 

The experimental data were fitted by a Gaussian-like distribution 
of relaxation times and such an analysis permits us to obtain some 
parameters, conne.cted with the microscopic arrangement of the mobile 
ions: the most probable actl vation energy Em, the width of the 
distribution Eo and the deformation potential B, expressing the 
coupling between the ultrasonic stress and the system. The behavlotr 
of these parameters ;d th the Agi content suggests interesting 
conclusions about the possible influence or the glass struct~re on the 
ionic dynamics. 
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THERMODYNAMIC APPROACH TO IONIC CONDUCTIVITY 

ENHANCEMENT BY DISSOLVING HALIDE SALTS IN 

INORGANIC GLASSES 

A. KONE • and l.L. SOUQUET 

laboratoire d'Energetique Electrochimie 

ENSEEG Domaine Universitaire 

BP 75, 31'02 St Martin d'Heres - France 

•Laboratoire de Chimie Physique • Faculte des Sciences 

011 BP J22, ABIDJAN 0. - C6te d'lvoire 

Nu"'~ruu) ret.:eru in'YeSU~otlor.~ hd~e showu that halides may be dissolved 

an oxade or sulfide based glasses to increase ionic conductivity, of by several 

orders of magnitude. Interpretation or this behaviour on the basis of weak electro­

lyte theory leads to the assumption of large variations of the halide thermody­

namic activity depending on its content in the glass •. The authors show that it 

is possible to explain these variations by assuming that the halide salt• glass solu­

tions behave as regular solution. The mixing enthalpies which may then be deduced 

from conductivity data are in the order of some katocalories per mole, comparable 

to the usual 'Tlixing enthalpies for molten salts. 

P 13/G-Z 7 

ELECTROCHEMICAL MEASUREMENT OF THE DIFFUSION COEFFICIENT 

OF SILVER IN THIN FILMS OF v2o 5 - PzO) GLASS 

L. JOURDAINE, M. BONNAT, J.L. SOUQUET 

Laboratoire d'Enerptique Electrochimique 

ENSEEG Domaine Universitaire 

BP 7S, 11.02 St Martin d'tteres - France 

Thin falms ol v2o, - P2o5 glasses were made by vacuum evaporation. 

These lay<'rs have a molar composition 45 v 2o5 - )) P2o5 ; their electronic 
-7 - r -I ( l conductavaty at room temperature is about 10 fl em E

0 
= 0.41 eY. 

An electrochemacal cell with glassy solid electrolyte : 

ArJAr. conductive &Jass/thin litm v2os - P2os 
was used to measure the daffusion coefficient of salver, D 1\g in these layers. 

The tet:hmques used were antentiostatic Intermittent titration and impedance 

spectroscopy .. t low frequency. Measurements at different temperatures lead 
, 2 _, 

to a .value D 1\ . Do exp (-E
0

/R T) where Do • o. 55 em s and En 0.!18 eV. 
g -n 2 -1 

At room temperature, D Ag as smaH and has an approxamate value of 10 em s . 
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IONIC CONDUCTIVITY OSCILLATIOHS II SD.VER - ARSDIC -

- SELEJiiUJI - rELLURrm.t CHALCOGENIDE GLASSES 

Ya. G. Vlaaov, E. A. Bycbkov and B. L. Seleznev 

~apartment of Chemistry, Leningrad 
University, Leningrad 199164, USSR 

Silver-containing chalcogenide glasses are convinient materials 
for investigation of the transport processes in amorphous solids. 
We have found earlier (1), that doping of silver ion conducting 
Ag-As-Se vitreous alloys by copper results in a sharp decrease 
of ionic conductivity and increase of hole conductivity. Glasses 
containing ~ore than 5 at•~ Cu are non-crystalline semiconductors. 
Solid electrolyte - semiconductor transition can be supposed in 
the case of Ag-As-Se-Te glassJ alloys as well, because silver­
arsenic-tellurium ternary glasses are p-type semiconductors (2). 

The investigation of transport properties of Ag15As42 •5se42 •5_x 

Tax glasses revealed, that vitreous alloys containing up to 20 

at.~ Te are mainly ionic conductors, their hole conductivity ap 

being from 1 to 50 ~ of the total conductivity, depending on 
tellurium concentration. 

First tellurium additions (2-8.5 at.~'.) loosen the structure of 
the glass and cause the increase of ionic conductivity ~i by J-4 

times. It has been found a non-monotonous ai alteration is sti­

pulated by the change of silver ion mobility, and is connected 
with the change .of axcess volume of th~ glass. It should be 
pointed out, that for Cu-doped Ag-As-Se vitreous alloys some 
densitication of ths strUcture of the glasses aDd corresponding 
ai decrease were observed (1). · 

The lineary increase of log qp and the linear.r decrease of 

.activation energy with tellurium concentration growth.have been 
f'ound for semiconducting alloys (x ~ 20 at.~ Te). The additive 
composition dependence of ap has been observed for tne glasses 
investigated, in spite of ai oscillations. 

(1) Yu.G.Vlaaov and E.A.Eychkov, Solid State Ionics, 14 (1984). 

(2) S.K.Novosyolov and V.L.Vaninov, Fiz.Khim.Stekla, J (1977) 181. 

PlS/OC-1 

ON THE HETEROGENEOUS DOPING OF ION!~ CO~DUCTORS 

Joachi.!11 Maier 

Max-Planck-Institut fUr Festkorperforschun~ 
Heisenbergstr,1,D-7000 Stuttgart 80, W.Ger!llany 

The method of enhancing t~e ionic conductivity of ~ Matrix 
ionic conductor (Li-,Cu-,Ag-halides) (1-4) by adMixtures of 
an insulating oxide (AI o3,Si01 etc. l has been shown to be an 
interesting phenomenon bf great scientific and technical im­
portance. An analogous ~hhancement effect has been found in 
systems of two coexistin~ ionic conductors. 

In the cases of ionic conductors where t&e necessarv data 
are reliably available, the author ~as shown that the effect 
can be quantitatively und•rstood by space char~e• if and 
only if the relevant con~act processes are taken into account: 
surface interactions in the case of the system ionic conductor 
/insulator and distribution equilibria of t~e mobile ions in 
the case of t~o ionic conductors (4-6). 

As the quantitative treatment shows and the activation energy 
in all other cases suggests, the oxide is able to stabilize the 
mobile cation by nucleophilic surface groups and to increase 
the concentration of vacancies in the space charge regions. 

Experiment~ on AgCl,AgBr;CuCi and TlCl using pure and chemi­
cally Modified oxides as second phases ~re discussed •nd ex­
periments from the literature are taken into the discussion, 
too. Theoretical treatments of the space charge layer contri­
bution are given for different cases (dispersions,thin films 
etc.) and consequences such as vacancy-interstitial-junctions 
are taken account of. Analogous mechanisms can be assumed to 
give rise to enhanced ~xtrinsic conductance in many oure poly­
crystalline materials. 

Refer~n·ces: 
l.C.C.Liang,J.ElectrocheM.Soc. 1ZO (1973) 1289 
2 .J. 8. Wagner ,Mater. Res. Bull. .1 Sll980) 1691 
3.K.Shahi,J.!I.I~agner,J.Electrochem.Soc. 126 ()979) 1963 
4.J.Maier, Ber. Bunsenges. Phys.Cilell! .. 88ll984) 1057 
S.J.Maier,J~Phys~Cilem.Solids,irt press ·· .. 
6.J.Maier 1 Ber.Bunsenges.Phys.CheJ11. ,in· press,:.· 
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SYSTHESIS OF AND TRANSPORT IN LaF
3

: 0
2

- AND Li2so4 

C S Sunandana 
School of Physics, 
University of Hyderabad 
HYDERABAD 500 134 INDIA 

From among the factors that influence efficient fast-ion conduc­

tion in solids viz., 

(1) structural-structures that provide for a metal like framework 

and a near-linear path for ion-movement; 

(2) microstructural-existence of grain boundaries with low 

activation barriers; 

(3) polymorphism-co-existence of more than one structural form 

-realized in solid solutions (eg. Li4Si04 - Li3Po4 (1:11 

(l) ) ; . 

(4} thermodynamic - stabilization of metastable structures (either 

high temperature crystalline or amorphous forms) with appre­

ciable quenched-in disorder (eg. Li3 •6ce0 . 6v0 •404 (2) ), 

the first and the last deserve to be explored further in view of the new 

possibilities they offer. 

Among the "frameworks", a rhombohedral structure with the conducting 

species positioned along the )-fold axis results in a near-Unear path 

for conduction. Furthermore, creation of anion vacancies or substitution 

of smaller anion/cation is expected to increase the conductivity. 

Another attractive possibility is to quench (from melt) a solid which 

exhibits a structural phase transformation at high temperatures, so 

that it is obtained at room temperatl!re either in the 'glassy-phase or 

high temperature crystalline phase - the latter one being usually 

responsible for fast-ion conduction. 

The above ideas are tested with the systems (1) LaF3: La 2o 3 <r02-~ rF-) 

and (2) Li
2
so

4 
- which exhibits a monoclinic to cubic transformation 

at 846K. 

(1) A Khorassani, G. Izquierdo & A.R. West, Mat. Res. Bull. ~ 1561 (1981). 

(2) J. Kuwano 6 A.R. West, Mat. Res. Bull. !1 1661 (1980). 
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Abstract 

ENHANCEMENT OF IONIC CONDUCTIVITY OF SrClz 
BY AlzOs DISPERSION 

Saturo FUJITSU, Kunihito KOUMOTO and Hiroaki YANAGIDA 

Department of Industrial Chemistry, 
Faculty of Engineering, 
University of Tokyo 

7-3-1 Hogo Bunkyo-ku Tokyo 113, JAPAN 

Strontiun chloride is a typical Cl- conductor with 
fluorite structure and it has conductivity of 2xlo-•scm- 1 

and Sxl0- 2 Scm- 1 at 500°C and 700°C, respectively. 
Usually the enhancement of ionic conductivity is due to the 
increase of vacancy or interstitial ions by resulting of the 
addition of MCl(M=Na,K) or M'Cls(M'~Y,Ga,La). 

In some materials(Lii, Agi, CuCl, CaF~, LiBrHzO and 
so on), the enhancement of ionic conductivity was observed by 
the addition of AlzO• which is typical insurator. In this 
case, X-ray diffraction measurements showed· there were no 
phases present other than the ionic conductor and AlzOs. 
The same results were observed in the SrClz and AlzOs 
system. The ionic conductivity increased about 1 order of 
magnitude by 25mol\ dispersion of 2.6~m Alz01 at 500°C. 
The conductivity of the dispersed system strongly depended on 
the particle size and the concentration of AlzOs, which 
suggested that high ionic conductivity layer were formed at · 
the interface between ionic conductor matrix and AlzO, 
particles. This consideration was also supported by the 
fitness with Wagner's model which was proposed in his work of 
CuCl. 

The effective thickness and electrical conductivity of 
the interface layer were calculated by using two simple mixing 
models. In first step of this calculation, Maxwell's equation 
was used to obtain the conductivity of Alz01 surrounded by 
the high ionic conductive layer using the observed conductiv­
ity of the sample, the conductivity of pure SrClz and the 
volume fraction. In the next step, the Tiku's. equation was 
used to estimate the relation between the effective thickness 
and conductivity of the interface layer using the result 
of the first step and the particle radii of Alz01 measured by 
the sedimentation method. By applying this calculation to 
many samples with different composition and different particle 
size of Al~o., the adequate effective thickness and 
conductivity were estimated. From this calculation, the 
conductivity is about 2 orders of magnitude higher than pure 
SrClz and the thickness of the ionic conductive layer is O.l-
0.6~m and decreases with an increase in temperature. This 
result adequateley explain the composition and particle size 
dependencies for AlzOs particles dispersed in a SrCl~ 
matrix. 
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NEUTRON DIFFRACTION STUDY OF THE DISTRIBUTION AND THERMAL MOTION OF SILVER 
IONS IN ALPHA- AND. BETA-Ag3Sl 

J. J. Didiaheia1 , R. K. HcMullan
2 

and B. J. Wuenach1 

1oepartment of Materiels Science and Engineerin!, Massachuse~ts Institute of 
Technology, Cambridge, Masa. 02139, U.S.A. and Chemistry Department, Brook­
haven National Laboratory, Upton, Long Island, N.Y. 11973, U.S.A. 

Fast-ion conducting Ag3St, intermediate to Agi and A~2S, is of interest 
in establishing the role of bonding and mobile ion concentration on the Ag 
distrib~tion and transport properties of these ~hasea. Previous powder dif­
fraction studies and a single-crystal x-ray analysis had established the 
existence of three phases: a (T >240°C), space group lm3m, having a disordered 
bee anion array and cationa disordered among tetrahedral sites; B (-116° < T 
< 240°C), space group PmJm, having an ordered CsCl-type anion array and 
cations disordered in tetrahedral sites; andY (T < -116°C), space group R3, 
with cations ordered in a subset of available tetrahedral sitell. The p.resent 
single-crystal neutron-diffraction study vas undertaken to characterize the 
Ag distribution more precisely, capitalizing upon the higher resolution 
afforded by the lack of decrease ~f scattering length with angle and the fact 
that; as opposed to x-ray data, Fourier synthesis provides the probability 
distribution for the cation nucleus, rather than a convolution of the proba­
bility vith a distribution of orbital electrons of comparable spatial extent. 
The structures vera also examined aa a function of. temperature for the first 
time to permit distinction between time-averaaad aaharmonic thermal vibration 
and positional disorder. 

' The~ phase vas examined at temperatureJt of 23, 95, 168 and 23Z°C using 
Be-monochromatad thermal neutrons of 1.05099 l·vavelength at the High Flux 
Beam Reactor at Brookhaven National Laboratory. Thfae to six sets of 
sy..,..try-equival .. nt reflecti..>na for sin8/). < 0. 78 ~- vera recorded to pro­
vide 72 indevendent intenaitiea of which 61 to 55, depending upon temperature 
were> a; internal aareement in I ranaed 3.7% to 1.9% for the individual 
data sets. Refinement indicated partial positional disorder of S and I. 
~dals examined included anharmonic temperature for Ag ions and/or partial 
occupancy of the octahedral site. The most successful modal employed Ag 
ions solely in a tetrahedral site coord~nated by 2S and 2I and anisotropic 
harccnic ce~erature factors. The temperature factors were found to vary 
linearly vich.temperacure. Final ve~~ted residuals, Rv(F2), including 
unobaerved reflectioU., ranged 3.9-5.9%. 

The anion-disordered a-phase vaa investigated at 323, 380, 442 and 
475°C and 18 to 20 independent structure factors > a were obtained from 
averages of sr-e,try-equ.l.val~nt intensities ranging 26-37 in number, depend­
i.na on tempera~ure. Fina:l vaiahted .residuals RvlF2), including unobserved 
reflec'tions, vary between 3.3 and 4.5%. The Ag pr·obability density is 
highly delocalizad compared to that in B, being elonaated alona (100] in a 
fashion qualitatively similar to a-AazS. Significant differences relacive 
to the sulfide, :.however, are evidence for occupancy of a site at Irk~ and 
fine structure ·in. the probability density. ,·Rather than· represantina anhar­
monic effects, the latter features may be expleined to satisfaction in terms 
of positional disorder of the Ag iona which depends on the local configur~­
tion Qf S dnd I about the site. 

PI9/0C-5 

VAPOR SPECIES FROM FUSED Li2o-B201 , L1 20-S10
2 

and L1
2
0-P

2
o5 SYSTEMF FOR THIN FILM MANUFACTURING BY PVD 

By Li-Wei Zhang, H. Yahagi, and K.S. Goto 
Tokyo Institute of Technology 
~~guro-ku, Ookayama 2-12 
Tokyo, Japan · 

The indentificatio·n of vapor species is very important for thin 

film of superionic-conductors manufaccuring by PVD, CVO and any other 

elegant processes. 

The intention of the present work is to estimate the vapor species 

and the equilibrium vapor pressure, which vill be evaporated from fused 

Li
2
0-B

2
o

3
, Li

2
0-Si0

2 
and Li

2
o-P

2
o

5 
systems. The escimation was made from 

the thermodynamic data. 

Furthermore, usina the kinetic theory of gas molecules, the deposition 

rate and composition of thin film will be predicted in relation to 

temperature and composition of evaporation source. 

'"·· ' ~ 

.: ~ 

,.· •J-;_. ., ' 



..... ..... 
0\ 

P20/0C-6o, 

PROTON CONDUCTION IN AMMONIUM ZEOLITES. EFFECTS OF DEAMMONIATION 
AND THERMAL TREATMENT 

Erik Krogh Andersen, Inger Grete Krogh Andersen arid Eivind 
Skou · 

Department of Chemistry, Odense University, 
Campusvej 55, DK-5230 Odense M 

Steen Yde-Andersen 

Energy Research Laboratory, Niels Bohrs Alle 25, 
DK-5230 Odense M 

Abstract 

Synthetic sodium and calcium zeolites (4A, SA, 13X, Yl were 
exchanged to the ammonium form. The ac and de conductivities 
have been measured from 25-300 oc. The de conductivities mea­
sured with water vapour saturated hydrogen electrodes prove that 
protons move across the cell. our ing the de experiments an 
amount of ammonia corresponding to the charge passed is libe­
rated. The proton conduction in fully hydrated ammonium zeolites 
is therefore based on an ammonia vehicle. Electrolytic deammoni­
ated zeolites are also proton conductors but with a lower con­
ductivity than the corresponding ammonium zeolites. Thermally 
deammoniated zeolites show a similar behaviour. The ammonium 
zeolites loose ammonia, water and conductivity at high tempe­
rature (300 °c). This indicates that vehicles are necessary for 
proton conduction in zeolites. 

'-
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STUDY ON THE PHYSICAL PROPERTIES. OF AN AMORPHOUS 
Ag FIC AT LOW TEMPERATURE · . 

Wen-Hai Yu and Oing Zhang 
Department of Physics 

. ~ ... ':' 

University of Science and Technology of China 
Hefei, Anhui 

The People's Republic of China 

An amorphous silver fast Ionic conductor 

(Agi)0_79(Ag20·B20 3)0_2; has been prepared by quenching the 
mixed raw materials in the composition from the melting point to the 
liquid-nitrogen temperature, and has been examined by DTA and 
XRDA. It has determined that Tg a160"C and Tc • 340"C. 

The ionic conductivities of specimens within the temperature 
range of 100-3001< have been measured by a.c. bridge method. The 
room temperature ionic conductivity cr(25"C) is equal to 
2.45•1o-2o-1cm-1. The dependence of the ionic conductivity on 
temperature is in keeping with the Arrhenius relation very well for 
T > 150K and the activation energy E • 0.198 eV. In addition, a plus 
deviation of the conductivities was revealed for T < 150K. The lower 
the temperature and the higher the measuring frequency, the larger 
the deviation. 

The electronic conductivities of the specimens have been 
measured within the temperature range of 17Q-270K. At room 
temperature the order of magnitude of its value is 10-3o-1cm-1. The 
linear relation oftncre -1/T has been discovered, and the activation 
energy Ec .. 0.300 eV. Therefore, the ionic transport number is 
unity in the investigated temperature range. 

The thermoelectric power 9 of the specimens at 1~ 
has been measured, and the formula 

·9=0.216 + 0.124x1o3/T(mVJ<-1) 

.has been obtained. From this It was found that Ag • transport heat 
OAg• .. 2.6 kcallmol. 

The influence of the magnetic fields of 300Q-10000 Gauss on 
the logitudinal a.c. impedance, the transverse a.c and d.c. 
impedance and the thermoelectric power have been studied, but no 
effect has been detected. According to the sensitivity of the 
instruments, we are sure that the effects of such magnetic fields on 
the above-mentioned physical properties must be below 1/101¥). 

.• 
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1:\HSTIGAT!O~ Of lllE THLURIU~!-RICH PART OF TilE TER~ARY 
SYSTHI Ag-Nb-Te USI:\G A SOLID SIL\"ER ELECTROLYTE 

I~.SITTF, I.BEGSTEIGER, and H.P.FRIT:ER 

lnstitut fUr Phvsikalische und Theoretische Chemie 
Technische Universit~t Gra: 
A-8010 Gra~, AUSTRIA 

In spite of the great technological importance (super­
conductivity,structure,magnetic properties) of the binary system 
Nb-Te numerous investigations showed both contradictory and 
inconsistent results with respect to the existence and range of 
composition of various phases (e.g., Nb.s.Te 4 , NbTe, Nb 3Te 4(?), 
Nb 3Te 7(?), Nb 3Te 8 (?), NbTe 3(?), and Nbre 4 ) bela~ 600 K. 

In contrast, the binary system Ag-Te. is well known. At 600 K 
three compounds exist: Ag 2•0Te, Ag_1_9re, and Ag 5Te

3
• 

Only two ternary compounds have been reported in the system 
Ag-Nb-Te: Ag 2NbTe 3 and Ag 2Sb 3Te6 • 

The aim of this work was the investigation of the tellurium­
rich part of the System Ag-~b-Te (reaching up to the compound 
NbTez on the binary line Nb-Te) using Agi as solid electrolyte. 
The cell · 

Pt/Ag/Agi/Agx~byTe/Pt 

has been chosen for coulometric titrations at 600 K (i.e. ca. 30 K 
below the melting point of the eutectic system Ag Te -Te). In 
particular the investigation of the ternary systei sriould give 
essential informations about the binary system ~b-Te at that 
temperature. 

Binary and ternary samples have been prepared from high grade 
purity Ag Te and ~bTe, as well as NbTe, and Te by solid state 
reaction tn evacuated-quartz ampoules It 670 K. Silver has been 
titrated into (and/or out of) the samples by the use of a 
precision current source. The open cell voltage has been measured 
as a function of the silver content by a high-impedance electro­
meter (galvanostatic intermittent titration techniquel. Typical 
current densities were in the region 0,0~ - 0,4 n~/cm-. The 
time necessary to achieve equilibrium after each titration step 
varied between 1 - 1Z hours. 

The binary system Ag-Te has been reinvestig~ted in accordance 
with the results of Valverde (1). In the present studv the 
solubility limit of silvet in pure Te has a value of about 
1 mole-:. In the ternarv system Ag-\b-Te constant cell voltages 
were measured within large three-phase areas consistin~ of 
AA~Te_, Te, and SbTeJ, as well as Ag 5 Te~,other Nb-Te-compounds, 
anil A~-l 9Te, respectivelv. The results showed no .;ompound 
formatioh_for hi~her Te-contents than ~bTe 1 ~t h00 K. The ~3nges 
ot compos1t1on as "el-l as thermod~·nam1c prcpertles \e.!:. >lor and 
lS~l obtained from the emf-data, w1ll be reported for various 
Sh-Te-compounds. 

tl) .\.\'alHrde, :. rhn. Chern. t\.F.) -n ila-o) 113-i:-
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APPLICATION OF FAST IONIC CONDUCTORS IN SOLID STATE 
GALVANIC CELLS FOR CAS SENSORS. 

C.RHtzel end W.Weppner 

Max-Planck-Institut fUr FestkHrperforschuna 
D-7000 Stuttaert 80, Fed. Rep. Cermeny 

The application of fe1t ionic conductor• for aeeeurina pertiel 
a~• •ressuree of the transfered ionic epeciee in the 
electrolyte , e.a .• the determination of oayaen activities 
with the help of dop~d zirconia ie vall established end 
commercialized. There; is, however, e lerae nuab~r of 
important species for vnich no eolid electrolyte ie available 
at the present time. Exemplee ere Cl , CO, co2 , NO and SO . 
-Cas sensitive thin film miaad conduclore vere eapfoyed f~r 
these cases, which relete the ectivitie~ of the aeseo~• 
species to the transfered ionic specie• in the feet eolid 
electrolyte eccordina to Duhem-Maraulee' equation. The 
meesurina ranae is between rooa taapereture end 473 ~. Theee 
ell solid state sensor• mey be ainiaturiaed end intearated 
into electronic circuita • 

Galvanic cella of the type 

reference 
electrode 

fast solid 
electrolyte 

a•• eeneitive aiaed 
conducto~r 

vere constructed. Preferably, 8-eluaine, Aa
4

Rbl
5 

or Aal vera 
used as solid electrolytee. The a•• senaitive aiaed 
conductors consist of AaCl (for Cl

2
-pertiel preeeu~re 

meeeurements),- AaN0 3 , Ne 2co 1 end othere. Thin fila AaCl one 
Aal, Aa4 Rbl or Aa-1-elualne. eubetrete ehove Nernetian 
behavior wi~h the correct chenae of potential vith the 
variation of the chlorine partial a•• preeeure. A eoaetiaea 
observed deviation fro• the absolute velue eccordina to 
Nernst's equation has been attributed to cheaic~l eeriatione 
of the reference electrode. Siailer eaperiaentel response• 
us ina- the other eubstretee ae_ aixed conductor• heve been 
ob~erved for the other a•• component•. 

The a~p(ied technique hae considerably eapended the 
application of solid stete aalvenic ~ells_ for aonitorina aae 
partial pressures of e variety of cheaicel epeciee. 
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ELECTROCHEMICAL BEHAVIOUR OF STABILIZED ZIRCONIA 
USING THICK FILMS TECHNOLOGY 

M.GOGE , K.HEGGESTAD , M.GOUET 
Laboratolre de theniOdyna.lque at tlectrochl•l• 
des mattrlaux 
Unlvarsltt Paris XII 
avenue du Gtntral de Gaulle - 94010 CRETEIL CEDEX­
FRANCE -

ABSTRACT : 

Thltk fll11s technology Is used to prepared tai'Mts 
set on a substr•te • 
The electrolyte ls a11da of platlm• and yttrla 
stabilized zirconia : two or three electrodes of 
platlnua are set by the .sa~~~ process as the 

electrolyte • 
These samples are Investigated by means of at and 
dt alettroth•ltal •thods between 200 and S00°C 
1nd In a range of oxygen partial pressure fna 
1o-4 to 1 atll • 

The currant - polarization turves are presented • 
Interfacial o2 /Pt/YSZ and bulk properties are 
observed by means of complex admittance diagrams 
obtained In e large range of frequencies 
10-2 to 10+6 Hz • 
All the results are discussed • They show that 
this kind of tells tan be used liS polarographic 
oxygen sensors In these ranges of temperature and 
oxygen partial pressure • 

I• ,.._. 
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~~ STUDY ON THE EFFECT o•· Stl.TCO~ UPI1ill :••t~: \r.T[VJTY 

COEFFICIENT OF NlORTP:·' ! 'l Ll<JIIID IHO~f ··II Til 'rHE 

SOLID ELgrTROLYTF. r•:<Y•~E~ 1'1':11. r•,r•t~T.QIIF: 

·msr. ·ring, !!£.! Shoukun, ttl\'lr: ~itwnnbi ;. 1111 ~:inqf'u 

Bei jinq University of I rnn and ·;tnt'l l'echnoloqy 
aeijinq, l'eople"s llepublu: ur •'toinct 

As a further investiqation on t.he thermodynamic: behaviour 
of Nb in liquid iron, solid elt:ctrolytc o"yqen cell technique 
was used to study the effect of •;i upon the activity coefficient 
of :-Jb in liquid iron at three temp .. ratures 1112'1, 19'il and 1H8ll<. 
In contrast to the previous researche5 on e~B and e;; reported 
elsewhere and with a view to preventinq the rL~uction of Nb02 
by ~i. liquid iron containing Nb and Si vas ~uilibrated with 
.:>i02 under purified .'\r atmosphere in quartz ct·ucible, the follow­
ing cell assembly being adopted• 

Hoi Ho,Ho02ttlr0z( HqO)II [Si] , •; i02I Ho•6r02 cermet .~:o 
The chemical reactions involved were• 

Ho02(s) • MO(s)•02 J 6r.0 •4'l0700-118.J2'1' .1 

0 2 • 2 0 J ~r.O•-H40'i0•J5.Sf•r ,J 

[Si) •2(0)• Si02(s) J .6. r;O•-'i'iOB20•l07.1Q1' ,J 

T:,e· error caused by the electronic con:lucti vi ty of th8 MqO-doped 
zirconia solid electrolyte tube was corrected vith the Schmalz· 
fried formula. i~ith the a 0 values experimentally ascertained, 
the interaction coefficients e~ at t~rce temperatures could be 
evaluated both on the same concentrat1on as well as the :.ame. 
activi~y basis. ·rhe corresponding valu•'s or e~ vera calculated 
with the conventional methOd, wit.h results qiven as belova 

K 3aae concentration method ,,ame activity method 
1823 1.38 l.U2 

1853 0,98 O.HH 

1983 0.12 o.~l 

Si 37763 . ;i l1151'i 
eNb • --T- :-19.3f> (r•O.•t•l'l' '\b ~ --'1'- -1·1.f0 (r•0."•7l 

Values of aNb • a~ for every t:xoer iment were found to <>e less 

than the equilibrium constant fm· Lile re<tction ~~bUz(sl•[:-Jol+2(1lj, 

so that no formation of :llbU2 was .Js,.,urecl, 

t~eferences 1 
(1) wEI Shoukun e.t al: !~are Hetals 1'':;~· .; •.l·•>il),.'lo. 1, 10. 
(2) .O::IiA."'G Shengbi .,t .111 ·\eta ;-:ct..dllur·IICdl :;inica !O (19114), \1·1''·• 
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IOI-SILECTIVI ILICTROCBEKIC1L SBKSORS BASED OB 
IOB-COIDOCTIIG CHALCOGI&IDB GLASSES 

tu. G. VlaaoY aDd I. A, BycbkoY 

Deparuaent of ChellliatrJ, Lemucrad 
UD1verait7, LeniAsrad 199164, USSR 

Silver ion conductiDC chalcogellide glaaaea are promiaiDC 
membrane materiala tor eolid-atata ion-eensitive electrodes 
- electrochamical se111ora tor aelectiYe determ!Dation of 
different io111 in liquid media. 

Senaora baaed on Ag-Aa-s aDd Ac-Aa-Se glaasea provide the 
direct potentiometric determ!Dation of silver ioDI ill atrouc 
acid aDd corroaive media, auch aa 6 K nitric acid. 

Silver ion oonductiDC ch&loogellide claaaea contain1uc lead 
iodide or aultide are h1sblJ ae111itiYe to lead 10111, 10-100 
Umea ·aora atable for actin oz.idiaiQI treatunt, aDd 10-20 
Umea more aelectin to cadllliua 10111 ill cOIIPUiaGD with 
cr,ratalliDa ion-aelective aeabranea. 

Copper ion-aelective electrodea baaed on copper-a11Yer­
-araenic-aehllium glaaaea are 10-)0 Uua more ae111iUYe 
ill atroae acid media. 

Cadmiua chalcogellide glaaa ae111ora are 10-)0 timea more 
selective to alkali aDd sou diYalent catio111 1 their acid 
atabilit7 aDd atabilit7 to oxidation beiQI higher aa wall. 

Different tJP•• ot ion-selective electrochelllical se111ora 
baaed on chaloocellide gla•••• are. deacribad and ion se1111Dc 
mechanism ia diacusaad on the baaia of inveatigation of 
aolid-atate properties of membranea. 

Pl/P-lS 
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COIUlELATION UTW!!N STRUCTUIE A11D TIWISPOI!T 
PROP!ITI!8 IN ION CONTAINING NITWDIIJ 

H. CH!IIADAIG!, A. GAIIDUI, J.P. LE NEST 

Ecole Pran~aiaa de Papataria (INPG), IP 65, 
38402 Saint Mercia d'Ktrea cadex, rraoce 

Varioua polyather-urathaoe natvorka containina aeveral alcali .. cal aalta 
have bean ahovn to exhibit hiah ionic conductivity above their 11111 tran­
sition temperatura (1). Thia.aituation raflacta the feet that traoaport . 
~ropartiaa are dependant on the .ability of chain ae ... nta. For inataoce 
dynaaic 1111chanical propartiea and ionic conductivity follow the .... te.­
oaratura dependance explained by free voluae variation• (2). llactrocha•i­
cal atudiea baaed on the dataraioatioo of the ionic traDDport nuablra and 
by tolta.paroaetry have confiraed tbe hiab anionic conductivity in aaree­
mant vith tho hiab local anionic .obibity already detected by apia-apia 
relaxation (t2) 1111aaura1111nta (3). The intaractione betttean the catioaa, 
aucb •• lithiua ione, and tbe oxyaen atoaa belonaina co ether bonda deaer­
ved a apacial atudy which aiaed at axplainiaa tbe uauauel hiab conductivi­
ty obaarved at coaataac ae ... ntal .ability at biab aalt coacentratioa. A 
detailed etudy of the alaaa traaaitioa c..,.rature of varioua natworkl 
poaaaaaina aacroaolacular chaine between croaaliakl of variable leftltb 
and of different litbiu• perchlorate content ahovl that the lone are raau­
larly diapaned ia the -rphoul Uteriel vitbout pblll lltrlptioa up tO 
relatively hiah aalt concaatratioo. lquilibriua ... lliaa .. eaur ... ata aup­
port the e11uaption that the aalt il ullller the fon of loa pafre or qiiMru­
polaa within I l1r11 lilt CODCIDtrltioa raaae• 

UPUIIIC&I· 

(I) A. ltiLLii; J.P. Ll IIIST, A. GAIIDINl, 8. i:Buoa. 
Kacroaolaculea, l! (1914), 63 all4 ref. therela 

(2) A. ULLIS, J.P •. Ll NEST, A. GAIIDUI~ 8. C~, J.P. CORD ADOAD. 
Solid State Ionic a, Ji (1914), 231 · 

(l) A. ltiLLIS, J.r. L! NEST, A. CAIDINl, 8. CIIIIAIWII, J.r. CO .. ADDAD 
Polya. lull.,! (1912), lSI 
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CONDUCTIVITY, OR, OSC, and NMR STUDIES OF POLY(VINYL ACETATE) COMPLEXEO 
WITH ALKALI METAL SALTS* 

M. C. Wintersaill, J. J. Fontanella •. J. P. Calame, M. K. Smith 
Physics Department 
U.S. Naval Academy 

Annapolis, Md 21402, USA 

S. G. Greenbaum 
Physics Department, 
Hunter College, CUNY 

New York, NY 

C. G. Andeen 
Physics Department, 

Case Western Reserve University 
Cleveland, Oh 44106, USA. 

Electrical conductivity, dielectric relaxation (OR), differential 
scanning calorimetry (OSC) and nuclear magnetic resonance (NMR) studies 
have been carried out on poly(vinyl acetate) (PVAc) complexed with a 
variety of lithium and sodium salts including perchlorates, triflates and 
iodides. The electrical conductivity and dielectric relaxation 
measurements were carried out using a fully automated complex impedance 
bridge operating at seventeen frequencies over the range 10-10

5 
Hz. The 

conduc~ivity varies with the concentration of the salt. For example, 
at 102 C the conductivity for 8:1 PVAc-lithium perchlorate is about 10-' 
(ohm-cm)- 1 wh11e that for 4:1 material 1s about 5 times greater. The 
variation of the conductivity with temperature is also described. The 
electrical relaxation spectrum for pure PVAc consists of four peaks. 
Significant differences are seen in the complexed material. For example, 
for 8:1 PVAc-lithium perchlorate most peaks are similar to those observed 
In pure PVAc while for 8:1 PVAc-sodium perchlorate, the spectrum is 
strongly affected. The spectra for PVAc-lithium iodide and PVAc-lithium 
triflate are extremely simple. The DSC studies were carried out using ·a 
DuPont 990 DSC and show three thermal features which are dependent.upon 
the salt and the thermal history of the samples. Finally, new NMR studies 
are presented. The results are considered in the light of previous work 
on PVAc complexed with lithium perchlorate (1) and a model similar to that 
for an ionic elastomer. 

1. M. C. Wintersgill, J. J. Fontanella, J. P. Calame, S. G. G~eenbaum, 
and C. G. Andean, J. Electrochem. Soc., l1lL 2208 (1984). 

*This work was supported in part by the Office of Naval Research. 
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POLYMER SOLID ELECTROLYTE PHOTOELECTROCHE~ICU CELLS 
WITH n-Si POLYPYRROLE PHOTOELECTRODES 

0. lnganas and T.A. Skotheia 

Brookhaven National Laboratory 
Derartnent of Applied Science 

Upton, )lew York ll973 

lie. have developed a new type of photoelectrochemical cell (PEC) based on 
rectifying junctions between serliconductor el~ctrodu and thin fllm poly.,.er 
•olid electrolytes. This holda out_the hope of being able to ranufacture all 
thin fil01 solid state PEC'a without the ael':lconductor surhca corrosion 
problens associated with liquid electrolyte PEC'a. 

Our present study has focuased on surface modification techniques for 
ir.~proving the rates of charge transfer between semiconductor electrodu and 
redox ion couples in polymer solld electrolytes. Specifically, we have shown 
that surface modi flea tlons of n-Si elec trodea with thin fllms of polypyrrole 
can dramatically reduce the lara• activatioa energy barrlar a~talnst efflcleat 
ch•rge ·tr•nafer betweeD bare aemtconductor electrodea aocl polymer aoltd 
electrolytes. 

The n-Si surface modifications we have atudled include the follovinJ: 
(i) bare n•Si (etched in HF only); (ll) n·Si coated with 200·400 A polypyr­
role. BF 4 ; (lll) n-Si coated with 10-20 A electron beam evaporated .Pt; (iv) 
n-Si coated with 10-20 A Pt followed by depolltlon of polypyrrole.BF4 ; (v) 
n-Si with 10-20 A Pt followed by deposition of polypyrrole.lodide. The n-Si 
was alway• etched in HF before the surface aodlficetion. The polypyrrole 
fllms were crown on the n·Si surface with tha technique af photoaaslated 
electrocheaical oxidation. 

A thin coatinJ of polypyrrole.IIF4 creatly i01provee the charge trensfer 
characteristics of the interface. 10-20 A of Pt lDproves the electronic 
coupling further between the.polypyrrole and the Si leading to "ora efficient 
hole scovengina. A Pt coetlng alone without polypyrrole produced · Sll!lhtly 
less efficieat charce tranofar. 

The most efficient lnterfaceo incorporate iodide ao the anion ln the poly· 
pyrrole, synthesized from 11eCN solution contalninr; utraethyhr.~noniu"' iodide. 
Ill th the polypyrrole.iodide coating the charge transfer charactcarhtlcs rela­
tive to bAre 1\•Si are ir.~provad by about three orders of N&nltude, reoulting 
In enero conversion efflelaneles iD the 3-4% ranae baaed on 100 mW/cra2 inci­
dent white llaht. 

The efficiency of the present interfaces an ltmltad by high 'aurhca 
recombination valoci tie a on the n-51 aurhce. Thlt lt ahova by the poor 
spectral reaponse ln the high photon energy region of the apectrum. 

Acknowledfer.~ent 
~ 

This work was supported· by the Divioion of Chemlcel Sciences, U.S. 
Departr.~ent of Energy, Vaohington, D.C., under Contract llo. DE-AC02-76CH00016. 
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ION CONDUCTION MECHANISM IN NETWORK POLYMERS FROM POLY(ETHYLENE OXIDE) 
AND POLY(PROPYLENE OXIDE) CONTAINING LITHIUM PERCHLORATE 

Hasayoahi Watanabe, Satoshi Nagano, Kohei Sanui, and Naoya Ogata 
DeparDaeDt of Chemistry, Sophia University, 7-1 Kioi-cho, Chiyoda-ku, 

Tokyo 102, Japan 

Ion conduction mechanism in network polymers from poly(ethylene oxide)(PEO) 
and poly(propylene oxide)(PPO) containing lithium perchlorate(LiClO.) was 
clarified in terms of carrier generation and transport processes. The net­
work polymers were prepared by a crosalinking reaction of triol-type PEO and 
PPO (number average mol.wt.•3000) with tolylene-2,4-diisocyanate. LiClO. 
was dissolved in the network polymers by an immersing method. The degree of 
crystallinity for the PEO networks was considerably lower than that of 
linear PEO. With increasing LiClO. concentration, the degree of crystal­
linity decreased still more, whereas the structure of the crystallites was 
similar to that of the salt-free.PEO. Melting points of the crystallites 
were at around 20 •c. The PEO complexes with the LiClO. concentrations 
higher than {LiClO.)/{EO unit)•0.05 were completely amorphous. In contrast', 
the PPO networks and the PPO-LiClO. complexee were completely amorphous, 
independent of the LiClO. concentrations. In the both complexes glass tran­
sition temperatu'res(Tg) increased with increasing the LiClO. concentrations. 
Ionic conductivity, estimated from complex impedance measurements, reached 
10-• Scm-• at 30 •c for the PEO complexes and at 70 •c for the PPO complexes. 
Arrhenius plots of the ionic conductivity for the partially crystalline PEO 
complexes deviated positively from a straight line above the melting points 
and obeyed a straight line function with larger temperature dependence below 
those temperatures. The amorphous PEO and PPO complexes deviated positively 
from the Arrheniua eq. in teras of the temperature dependence of conductivi­
ty. Ionic mobility of the both complexes in amorphoua atate(40-100 "C), 
measured by transient ionic current method, was changed from lo-•-lo-• em• 
v-•s-• in this temperature range, almost independent of·the polymer struc­
ture. The Nernst-Einstein eq. correlated the ionic mobility with the ionic 
diffusion coefficient. The Williama-Landel-Ferry eq. with C,•S-9 and Ca•30-
.70 held with a temperature dependence of the diffusion coefficient in the 
order of 1o-•-1o-• cm•a-•, when Tg was used as a reference temperature. The 
change in the number of carrier ions with temperature obeyed the Arrhenius 
eq. The degree of dissociation for 'tiClO. was more facilitated and the ac­
tivation energy for carrier generation was lower for the PEO complexes, in 
comparison with those of the PPO complexes. The activation energy inereased 
with increasing LiClO. concentrations in the both complexes. Thus, the 
carrier tranaport and generation· processea were explained by the free volume 
and Arrhaaiu. activation mechanisms, respectively. The temperature depen­
dence of 10Dic: conductivity -in amorphous and rubbery state could be express­
ed by tba following eq. 

a • e•o.N. _ {-( U/2£ + yVi* ) I 
kT exp kT Vf 

where e is elementary electric charge, N. and D. are constants, U is disso­
ciation energy for the ion pair, £ is relative dielectric constant, y is a 
numeric factor, Vi* is a critical volume required for ion migration, and Vf 
is a free volume. Higher ionic conductivity in the PEO complexes was mainly 
based on the larger number of ionic carriers and the lower activation energy 
for carrier generation. The large decrease in the conductivity below the 
melting points of crystallites in the PEO complexes may be attributed to the 
condensed LiClO. concentrations in the amorphous region, which increased the 
activation energy for carrier generation and-decreased the carrier mobility 
due to the increase in Tg. 

.. 
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THE KINETICS OF THE ELECTROCHEMICAL DOPING PROCESSES 

OF POLYACETYLEJI:E 

B.Scrosati 

Dipartimento di Chimica, University of Rome 'La Sapien&a', 

Piazzale A.Moro 5, 00185 Rome, Italy. 

and 

M.Lauari 

Dipartimento di Chimica Fisica Applicata! Polytechnic of Milan, 

Milan, Italy. 

Polyacetylene is a very interesting polymer which has been 

proposed as an improved electrode material in rechargeable 

lithium batteries(!). However, this use may be somewhat limited 

by the kinetics of the electrochemical doping processes (2) which 

are characterized by a slow diffusion of the dopant species 

throughout the bulk of the polymer(3). 

In this work we report a study of the electrochemical pro­

cesses at the polyacetylene-electrolyte interface, with parti­

cular concern to the reversibility of the charae-transfer reaction 

and to the diffusion of the dopant species. This study has been 

carried out by cyclic voltammetry and_ a.c. impedance measure­

ments. 

REFERENCES. 

1 )-D.Mac Innes, M.A. Druy, R .J.Nigrey, D.P. ~airns, A. G.Mac Diarmid and 

A.J.Heeger, J.Chem~Soc ., Cheai.Comm,·, 317 ( 1981). 

2)-G.C.Farrington,B.Scrosati,D.Frydrych and J.DeNuz&io, 

J.Electrochem.Soc ·•ill• 7 { 1984). 

3)-A.Padula,B.Scrosati,M.Schwan and U.Pedretti," 

J.Electrochem.Soc., ill• 2761 (1984). 
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STRUCTURE AND IONIC CONDUCTIVITY OF MIXED LEAD HALIDES 
PbCI2,Br2(l-x) 

M. Lumberas, J. Prot as •, S. Jebbari •, 
G. D. Dirksen•• and J. Schoonman• • 

Laboratoire de Genie Physique·CLOES 
Universite de Metz 
57045 Metz Cedex 

France 

•Laboratoire de Cristallographie 
Universite de Nancy I 

P.O. Box239 
54506 Vandoeuvre-les-Nancy 

France 

••solid State Department 
Utrecht University · 
P. 0. Box 80.000 
3508 T A Utrecht 
The Netherlands 

Lead chloride and lead bromide exhibit Schottky disorder and 
anion conductivity. They show complete mutual solid solubility. 
Mixed lead halide crystals have been grown by the Bridgeman 
technique in order to elucidate relations between structural and 
electrical properties. Microprobe analysis has been used to 
establish the anion ratio CI!Br. All solid solutions adopt the 
orthorhombic PbCI2 structure (Pnma). In this structure, two anion 
sites can be discerned. Preferential anion site occupancy has been 
observed for PbCI0_5Br,_5 and PbCl1_5Br0_5, while PbCIBr is 
completely ordered. 

The ionic conductivity of several compositions in the system 
PbCl2-PbBr2 has been studied by impedance spectroscopy as a 
function of composition and temperature. A simple equivalent 
circuit appears to fit all the data. Analysis of the bulk parameters 
reveals a maximum in the <1Hm (migration enthalpy) vs. x relation. 
The concomitant AH1. (formation enthalpy) vs. x relation reveals a 
decrease for x ranging from 0 to -0.5 and 1 to -0.5, with a 
pronounced maximum at x = 0.5 due to the complete ordering of the 
anion array. Isothermal conductivities decrease with x and reveal a 
minimum for x = 0.5. Usually, cation conducting Schottky or 
Frenkel-type solid solutions obtained by homovalent anion doping 
reveal substantial conductivity enhancements (e.g., K(CI,Br), 
Ag(CI,Br)). The present anion conducting Schottky-type solid 
solutions show the opposite behavior. This will be discussed in 
relation to ordering effects, along with homovalent dopant-induced 
lattice distortions on the number and mobility of the conducting 
defects. 

P7 iOC-9 

Diffuse Neutron Scattering Study of 
Antifluorite Type cu2_xse 

+ • • 
R. J. Cava , N. Hesse! Andersen , K. Cliusen , 

E. A. Rietman , and J. K. Kjems 

+AT&T Bell Laboratories 
Murray Hill, New Jersey' 0'7914 

U.S.A 

• Riso National Laboratory 
Riso, Denmark 

ABSTRACT 

We have synthesized single crystals of Cu Se and Cu se by 
Bridgeman growth from the melt. The basic str~cture of !~lse 
materials in their highly conducting 8 phase is that of the much 
studied fluorites except that the cations are the mobile species • 
Charge compensation in the non-stoichiometric easy occurs through 
the introduction of a mixture of cu2+ with the Cu +, unlike the 
case of the fluorites where nonstoichiometry in the mobile 
fluorine sublattice is accommodated by aliovalent dopant ions in 
the immobile cation sublattice. A highly cooperative motion is 
expected for Cu Se where for a normal antifluorite structure no 
vacant tetrahed£a1 sites are expected to occur without accompanying 
interstitial ions. We have investigated the diffuse scattering 
intensity in .the hol zone in the fast ion conducting phase for 
both cu1 Se and Cu Se. Maps of the diffuse scattering indicate_ 
a short-tinge ordering of the mobile ions which is significantly 
different from that in the fluorite structure compounds. The 
short-range order extends over several unit cells and the details 
of the ordering depend on the mobile ion stoichiometry. The 
diffuse scattering is quasielastic in nature and indicates that 
the short-range order is of dynamic origin. We have studied the 
energy widths of the principal diffuse scattering features as a 
function of position in reciprocal space and temperature • 

--
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DIFFUSION AND PRESSURE EFFECTS IN THE SUPERIONIC CONDUCTOR Ag 3SBr 

STUDIED BY NKR 

H. Huber, H. Mali, J. Roos, and D. Brinkmann 

Physik-Institut, University of Zurich, B001 Zurich, Switzerland 

S-Ag
3
SBr exhibits an ionic conductivity of about 0.002 (0 cm)-

1 
at room 

temperature (1). In order to obtain detailed information on the micro­

scopic processes involved in conduction, we have measured as a function of 

temperature the NHR relaxation times T
1 

and T
2 

of the mobile silver ions 
107Ag and 109Ag and the self-diffusion coefficient D of 109

Ag by employing 

the NHR pulsed magnetic gradient technique. . 

The value of D at room temperatur~ is 2.9·10-12 m
2
/s with an activation 

energy of 0. 19 eV. in. good agreement with conductivity data ( 1). Our re­

sults will be discussed in .te...U ol the· nulllber ·of mobile Ag ions and their 

hopping rates. 

The spin-l-attice-relaxation of .the Ag nuclei is caused by fluctuating 

magnetic. fields arising trom anisotropic chemical shifts when Ag ions 

diffuse among inequivalent sites. Between. 160 K and 550 K the T 
1 

data are 

analyzed 1n terms ot two C!lttunon processes: (i) hopping witll an activa­

tion energy of 0. 14 eV, (ii} vacancy induced diffusion with a 0.19 eV 

vacancy enthalpy of formation and a 0.13 eV energy of migration, the un­

deroccupancy of Ag sites being 1.2 %. at room temperature. 

By monitoring the 81 Br NHR signal as a function of pressure and tempera­

ture the boundaries of the high conducting S and the low conducting y 

phase in the temperature-pressure phase diagram were determined similar 

to our or«Vioua studies. in RbAg
4

I
5

. (2). 

Investigations of the influence of pressure on the relaxation times t
1 

and T2 are in progress. 

(1) C. Chiodelli, A. Hagistris, A. Schiraldi, Zeit.f.phys. Chemie 118 

(1979) 177. 

(2) H. Huber, H. Mali, J. Roo•, D. Brinkmann, Rev. Sci. Instruments 55 

(1984) 1325. 

P9/0C-ll 

INVESTIGATIONS ON THI'. FOt!.CF.S OF INERTIA OF TH£· MOUILF. IONS IN 

SOLID IONIC CON!>UCTORS - MF.ASURF.MF.NTS ON Rb.'\~ 4 1 5 

Manfted Betsch, Hans Rickert and Rainer Wagner 

University of Dortmund, Chair lor Physical ChPmistry I, £'.0. Box 500 500, 

0-4600 Oortmund 50 

The forces ol ineuia of electrons in metallic conductors were already mpasured 

by Tolman [l] in 1916. By decelerating a metallic conductor a voltage pul~ 

occurs between its two ends, which is proportional to thP ratio mas~/electrical 

chargp of the electrons. This ratio is lor example in thP casP of silVPr ions 

about 105 times greater than in the case of electrons. Therefore we haVP 

measured thP forces of inertia of ions on solid ion conductors. 

Alter having made investigations on a-Agl as a first model substance at a tem­

perature ol l70"C [2], we have investigated in further measurements the solid 

ion conductor RbAg4J5 at 2s•c and l20"C. 

In our experiments rods of RbA1
4

1
5 

with silver electrodPs ·at both ends wt>re de­

celerated by lenin& them drop from different hei1hts to a plastic material on 

the ground. In the moment of striking the 1round the forces or inertia ol the 

mobiiP silver ions caused voltage pulses, which were proportional to the velocity 

before striking and tO the len&th ol the RbA1415-rods but independent of the 

temperature which is in accordance to theoretical considerations. Using the mass 

and the electrical char1e of the silver ions the voha1e pulses could be calcu­

lated. Calculated and measured values Mere in qreement ;~~ithin the accuracy 

ol measurement ol I ~. 

As the voltage is built up very quickly it is practically an exact measure lor 

the acceleration at any time and therefore solid ion conductors may be of 

interest lor the construction ol accelerometers [ 3]. 

. . -

[l] R.C. Tolman, T.D. StP111art, Phys. Rev. !• 97 (1916) 

( 2] M. Betsch, H. Rickert and R. Wagner, Ber. Bunsenges. Phys. Chem., 

accepted lor publicatioi) 

(3] H. Rickert; Patent Ap!llication in Germany under number Nr. 3346447,2. at 

22.12.1984 and further ones in different countries 
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Bulk Interaction Between Agi and ~-re2 o3 in their Composite 
Electrolyte 

Chen Li-quan, Zhao Zong-yuan and Dai Sou-yu 
Inst~tute of Phys~cs, Chinese Academy of Sci~nces, P.O.BoK 
603, Beijing, China. 

(Abstract) 

We have found recently that not only the conductivity of 

3-Agi( c-Al
2
o

3
) composite electrolyte was increased substantially 

but also the a-phase to B -phase transition temperature was de­

~reased obviously by the existence of DSPP n -Al2 o 3 . It :neans 

~hat the bulk property of matrix phase 8-Agi was influenced by 

the DSPP ·-Al
2
o

3
. In this paper we will show that the bulk pro­

perty of DSPP ~- Fe
2 

o
3 

is also effected by the mother phase Agi 

~n Agl(>-Fe
2

o
3

) composite electrolyte. 

The low temperature conductivity and susceptibility of com-

90~ite electrolyte Agi(a-re
2
o

3
) have been investigated. It i5 

noticed that· the logo vs. 1/T curve have a truning-point. The 

~~:nperatures correspond to the turning-point are continuously 

dt!crease from 256K to 14 7K with the Agi content increasing from 

.J to 90m/~. The susceptibility measurement coincide quite well 

• ith the results of electrical experiments. 

The Moss bauer spectral studies of Agi ( 40m/o a-Fe 2 0 3 I have 

~en perfor~ed at different temperatures. Each spectral is com­

~~sed of three sub-spectra which corresponds to two interfacial 

s~ates between Agi and ~-Fe 2 o 3 and one bulk state in a-Fe 2o3 • 

'!':.e hyperf ine internal magnetic field( Hin) and quadrupole split­

ting (SQ) in ~-Fe2 o 3 has abrupt change at about l90K. 

Form above resul~s it seems clear that the Morin transition 

t'~perature ~-Fe 2o 3 is influenced by the existence of Agi. there­

•· :e the bulk properties of the two phases in composite elec­

trolyte are interacted each other. 

Pll/AC-22 

.o\N NMR STUDY OF Li ~ Ti 
3
07 

M. EL-GE:·tAL and R. DUP'U:E 

Physics Department, University of t~arwick, Coventry, U.K. 

In view of its potential for providin~ infonnation about acti\'ation 
energies, correlation times etc 1\~11! is often used as a tool to in,·estigatc 
fast ion conductors. In many cases however the bcha\'iour is anomalous in 
that the activation energy obtained from :>;~tR is much ll'SS than that frorn 
the conductivity and the attempt frequencies anomalously low. One e~amplc 
of such a ·system is Li,Ti

3
07 for which Hubcnnan and Boy~t' ohtaint>d an 

activation energr from· T1..0.2 e\', compared with 0.~5 e\ from o-, and 
an attempt frequency of --·hl07 II:. \'arious explanations "ere 
proposed for this behaviour including "the break-down of absolutc7rate 
theory", and ld ionic: motion. We have remeasured T and T, for Li in 
very pure highly stoichiometric: material and also i~ off stoichiometric 
material. We obtain a.T and T, more than an order of magnitude longer 
than observed by HubennaA and BIJyce over most of the temperature range and 
an activation energy for T 

2 
much closer to that measured 1 n conductivity 

studies. Small departures from stoichiometry rapidly reduce the relaxa­
tion times. The results will be discussed in terms of the presence of 
paramagnetic ions in this material. 
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IOIIIC CDIIIUCTIYITl Alii atYSTAL S'ftiiJC'IWB IF Li(l-x) Ti( 2-x)In•P 3012 
H. HA11DOUNE and D. TRAN QUI 
Laboratoire de Cristallographie, C.N.R.S., associ4 l l'U.S.H.G., 
166 X, 380~2 Grenoble Cedex (France) 

E.J .L. SCHOULER 
Laboratoire d'Energ4tique Electrochimique, ENSEEG, B.P. 75, 
380~2 Saint Hartin d'Heres Cedex (France) 

It has been reported that for moderate substitution of Ti~+ (x < o.~) 
by In3+ .in Li(l+x)Ti(2-x)InxP3012• RJC Nasicon like structure was fonned in 
this solid solution and high ionic conductivity was observed in these com­
pounds. Further substitution (x > 0.~) of trivalent In has distorded the 
rhombohedric lattice parameters leading presumably to lower monoclinic sym­
metry (1). 

Attempts to identify the presumed monoclinic phases by X-ray powder 
diffraction patterns were inconclusive. 

In order to overcome this difficulty we have tried and recently succeeded 
to growth single crystals of phases with x a 0.0, 0.6 and 2.0 and straight­
forwardly determined their space groups and lattice parameters. Using these 
parameters the X-ray .Powder diffraction diagrams of the whole system,;·x ranging 
from 0.0 to 2.0, a~ successfully indexed. 

In this paper we describe : 

- The experimental method used to ··growth the single crystals 

- The crystal s·tructure of two monoclinic phases : Li1.6Tit.~Ino.5P3012 
and monoclinic Li3In2P3012 

and present the results of : 

- Phase identification by.X-ray powder diffraction, space group and 
unit cell constants, for x a 0.0, 0.1, 0.2, 0.3, 0.~. 0.6, 1.0, 1.2, 1.~. 
1.5, 1.6, 1.8, 1.9 and 2.0. · 

- Conductivity measurements versus temperature (fro. room temperature 
to 5oo•c1. 

It is also showed in this study that the conductivity of these phases, 
at 300°C, increases drasticalll with In concentration to reach a maximum 
value as high as 2.lo-2 (Ocm)- for x a 0.3 and then decreases down to 
"' to-3 (Ocm)-1 for x = 1.0. 

Finally correlations between conductivity. behaviour of the 
Li(l+x)Ti(2-x)lnxP3012 phases versus x and their structure deviation from 
Nasicon type structure are discussed. 

(1) Li Shi-Chun and Lin Zu-Xiang, Solid State Ionics ! and 10 (1983) 835-838. 
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RELATION BEtwEEN ALICALI ION CONCENTRATION AND APPARENT GLASS BASICITY: 

ABSTRACT 

CONDUCTIVITY HAXIKUH IN CLASS 

Steva.w. Martin 
Department of Chellistry 

Purdue University 
West Lafayette, Indiana 47907 

Utilizing the vide glaaa-forllina ranaa of pseudo-binary ayatam 
xNazO(l-x)[Bz03•DAlz031 , to 72.S molZ Na2o, the dependance of the ionic con­
ductivity in alaaa on mobile ion fraction and apparent alaaa basicity bas 
been examined in detail. At very blab mobile ion fractions the increaaina 
basicity of the glass, discussed in terms of the amount of charge raaidina on 
anionic sites, plays an increasina role in incraasina the activation snarlY for 
ion miaration and also reducina the nUIIlber of "free'' mobile charas carriers. 
These combined effects are sean to produce clearly observable maximum in the 
conductivity/mobile ion fraction curves. For ayeta .. where lara• anions are 
introduced into the alaas, viz. x • I-, conductivity .-xlmum are not observed 
and these results are compared to the present observations. 
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ION CONDUCTING GLASSES IN THE NazD-¥2o3-sto2 AND Ll~-¥203-St02 SYSTEMS 

H. Grayson Alexander and Brian Riley 

Technology Development Dept. 
CombuStion Engineering, Inc. 

1000 Prospect Hill Rd. 
Windsor, CT 06095 

u.s.A. 

we have synthesized and measured the tonic conduct! vlty or glasses in 
the H2o-¥20rSi02 (H= Na, Lil systems. The Na glasses, ln part;cular, 
have potentral applications, such as electrolytes in Na/S cells. Glass 
samples were formed by melting together the component matert·als, then 
pour-quenching the melts onto a room temperat\l'e refractory brick. Na­
based oomposltlons consisted or 20 to 50 m/o Na~. 1_ to 20.mlo ¥:P1 and 
39 to 67 m/o Sio2• Li-based compos! tions consisted or 30 to ';O mlo 
Li 20, 5 to 20 mlo Y:Pl and 39 to 60 m/o 5102• Glass formation occurred 
ln both·the Na and~I systems ror composftlons 'with 10 or less mol 
percent Y~1• All glasses were clear. Those containing more than 30 
mlo H~ were light green, while others were colorless. _ . 

AC conduct! vlty (o) was measured with blocking electrodes at 10khz, 
between 25 and 40<1' c. For the Na ·glasses, o increased with increasing 
ratio or Nato Y, reaching a mulmum ror1 the composition 39.1 Na2o-
7.5 Y2o1 - 53.4 5102 (3.4 x 10-j ( ncml- at 300"Cl, _then decreased 
with ru~ther increase ln Na~O content. The activation energy, Ea• 
reached a minimum (0.58 eV) for the same composition. For_ the 1..1 
glasses·, o also increased with increasing ratio of L.i_l t~ Y, rea~lng 
a rtnal maximum ror 45 Li 20- 6 Y2o3 - 49 s1o2 (3.0 x ro- ( n cml- at 
300"C). Ea was also lowest (0.60 eVJ ror this composition. 

Prellminary results or tests or compatabllity with Na or Ll and Sat 
200 to 350"C are favorable. AlthOugh some discoloration or the glasses 
resulted rrom several days immersion in molten alkali metal or sulfur, 
observation by SEH and energy dispersion analysis showed that this was 
due to s~rface coating or alkali metal or sulfur on the sample and not 
to chemical reactions. 
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ABSTRACT 

INTERRELATION BETWEEN THE CLASS TRANSITION 

AND IONIC OONDUCTIVITY 

Steve W. Hartin 
Department of Chemiatry 

Purdue Univenity 
West Lafayette, Indiana 47907 

Recently ·the importance of the location of the alan tranaition relative 
to the workina tempeTature of the ionically conductina electrolyte baa been 
pointed out. Hence it waa abovn that for the widely different ayatema Aai + 
AaPO]. and NazO + Si02 that both have eaaentially the aame value of conductivity 
a~ their reapective alase tranaitions. To examine thia reletionabip between 
alaaa transition and workina temperature further, the ayatea LizO + PzOs baa 
been studied since our new meaauremanta ahov that thia ayatea exhibita, for con­
atant compoaition, a alasa tranaition vhicb can be varied ayate .. tically froa · 

170"C to 3so•c by thermal treataenta of the liquid. Initial rnulta indicate 
that the conductivity decreaaea vith decreaaina aleaa tranaition. Tbeae en­
tirely new and unaxpecte reaulta are diacuaaed in teras of the relationahipa 
berveen the location of the alaaa tranait1on and the lona ranae connective 
bondina in- the liquid. 
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