PROGRAM AND ABSTRACTS

International Conference

Fast lon: Transport ln Solids
Lake QGeneva, Wisconsin, U.S.A.
-May 21225, 1979

ORGANIZING COMMITTEE

Co-Chairmen: J. N. Mundy and P. Vashishta
Argonne National Laboratory

S. J. Allen, Bell Laboratories C. A. Melendres, Argonne National Laboratory
R. J. Friauf, University of Kansas J. R. O’Fallon, Argonne Universities Association
E. Gay, Argonne National Laboratory A. Rahman, Argonne National Laboratory
D. Lazarus, University of lllinois - D. H. Whitmore, Northwestern University

G. D. Mahan, Indiana University

" LOCAL ORGANIZATION

T. Brun G. Crabtree
L. Feijoo G. K. Shenoy

Sponsors: ARGONNE NATIONAL LABORATORY
UNITED STATES DEPARTMENT OF ENERGY

‘ ARGONNE UNIVERSITIES ASSOCIATION

UNIVERSITY OF CHICAGO

U of C-AUA-USDOE NATIONAL SCIENCE FOUNDATION




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or 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 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. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Q:iffﬁiiff‘AND ABSTRACT§}
for—the .

International Conference

o )

r_fAST ION TRANSPORT IN SOLIDSe-=

ELECTROLYTES AND ELECTRODES .

y 21 - 25, 1979
This report was
Prepared as ap
Ma ] > accoun|
Upnzr!l::resduhy the United States Government, ;le‘i)t; W;:k
ey notex nor the United States Deparlme:l: :
» nor m:y of their employees, nor any of !he?r
s, » or their emp),
any warranty, ex, Te: impli s apy s
liability or resp b : rr«:'rn Zi'f:‘ cusey, o ezl
or use i y ;
bl ;ug:::'solfd any inf on, appm;ux, product or
P s + O Tepresents thag jeg use
finge privately owned rights = Houkd vt

ABBEY HOTEL AND CONFERENCE CENTER

LAKE GENEVA, WISCONSIN

Conference Planning Mrs. Miriam Holden
' Office of Public Affairs

and Management:
Argonne National Laboratory

Mrs. Mary Ann Dillon
Miss. Karen Abbott

Argonne National Laboratory ‘
DISTRIBUTION 07 TrIS DOCUMENT I3 UVLLMIT:(zf

Conference Secretaries:



MONDAY, May 21, 1979

8:30 A.M. Welcome and Introduction to Conference

SESSION 1 8:45 A.M. Chairman: D. C. L. Price, Argonne National Laboratory

I-1 Overview of Basic and Applied Research on M. V. Nevitt
Battery Systems at Argonne Argonne National Laboratory
I-2 Role of Basic Research in our Energy Future J. S. Kane

U, S. Department of Energy

I-3 Layer and Tunnel Compounds—--Fast Ion Trans- M. S. Whittingham
port and Electrochemical Energy Storage EXXON

10:30 A.M. COFFEE
SESSION 2 11:00 A.M. Chairman: D. K. Stevens, U. S. Department of Energy

I-4 Lithium/Metal Sulfide Battery Development R. Steunenberg
Argonne National Laboratory

I-5 Sodium/Sulphur Traction Batteries - A Review - R. J. Bones
of Progress . and Problems in their Development AERE Harwell, United Kingdom '

12:30 P.M. LUNCH

SESSION 3 2:00 P.M. Chairman: P. A. Nelson, Argonne National Laboratory

I-6 Advanced Battery Program in . J. A. Asher
General Electric ' General Electric
I-7 Precision Analysis of the Li-TiS, A. H. Thompson
. Battery : EXXON
I-8 Evaluation of Properties Related to the " R. A. Huggins
Application of Fast Ionic Transport in Stanford Unjversity

S0lid Electrolytes and Mixed Conductors
3:30 P.M. COFFEE
SESSION 4 4:00 P.M. Chairman: N. Weber, Ford Laboratories

I-9 Ambient Temperature Solid State Batteries B. B. Owens
: Medtronic, Inc.

I-10 New Types of Solid Electrolyte Gas Sensors M. Kleitz }
- University of California

and Grenoble, France

I-11 Electrochromism of Anodic Iridium Oxide G. Beﬁi
Films (AIROFs) Bell Laboratories

6:00 P.M. DINNER

8:00 P.M. - 10:00 P.M. POSTER SESSION PA




TUESDAY, May 22, 1979

SESSION 5 9:00 A.M. Chairman: B. J. Wuenéch, MassachUSetts Inétitute of Téchnology

I-12 Ordering of the Conducting Ions R. Comes
in Silver R-Alumina University of Paris-Orsay, France
I-13 Neutron Diffraction Studies of Beta B. C. Tofield
Aluminas and other Ionic Conductors AERE Harwell, United Kingdom
A 1-14 Structure Investigations of Superionic F. Reidinger :
Conductors: Requirements, Results and Brookhaven National Laboratory

New Questions
10:30 A.M. COFFEE
SESSION 6 11:00 A.M. Chairman: J. P. Remeika, Bell Laboratories
I—15 Effect of Pressure and Composition J. A. Kafalas

on Fast Nat-Ton Transport in the Lincoln Laboratbry
.System Naj, Zro81,P3_ .04,

I-16 Neutron Diffraction of Doped Bi,O3. B. E. F. Fender |

and 11,510, and Related Studies Oxford University, United Kingdom
I-17 Factors Affecting Ion Mobility in J.. Rouxel

Substitution Intercalation Compounds University of Nantes, France

in Chalcogenide Hosts
12:30 P.M. LUNCH
‘SESSION 7 2:00 P.M. Chairman: W. Van Gool, State University-Utrecht, Netherlands

I-18 Poly-Ethers as Solid Electrolytes M. B. Armand

St. Martin d’Heres, France
I-19 Topochemical Reactions of Metal Oxides D. W. Murphy
with Lithium Bell Laboratories
I-20 High Alkali Ion Conductivity in . A. M. Glass

Rapidly Quenched Oxides Containing Bell Laboratories
No Network Formers ' :

3:30 P.M. - 5:30 P.M. POSTER SESSION PB

6:00 P.M. COCKTAILS

7:00 P.M. BANQUET




WEDNESDAY, May 23, 1979

SESSION 8 9:00 A.M. Chairman: J. Kennedy, University of California

I-21 Diffusion and Ionic Conductivity J. N. Mundy
* in Solid Electrolytes Argonne National Laboratory
I-22 Fasf Ion Conducting Gallates and L. M. Foster
Aluminates-Similarities and Dif- _ IBM
ferences
I-23 Studies of Ionic Motion in Mixed R. E. Walstedt

Na-Li B-Alumina , Bell Laboratories
10:30 A.M. COFFEE

SESSION.9 11:00 A.M. Chairman: H. Sato, Purdue University

I-24 TIomnic Transporf in Some Fluorite- J. Schoonman

Structured Solid Solutions State University—Utrecht Netherlands
I-25 New Solid Electrolytes with High 'P Hagennmuller

Ionic Conductivity Lab. Chimie du Solide du CNRS, France
I-26 Neutron Spectroscopy and Fast D. .Richter )

Hydrogen Diffusion in BCC Brookhaven Nat’l Lab. and KFA Julich

Transition Metals Germany

12:30 P.M. LUNCH

SESSION 10 2:00 P.M. Chairman: H. U. Beyeler, Brown Boveri, Switzerland

I-27 The Low-Energy Excitation Spectra A. C. Anderson

of Li, Na, K and Ag B-Alumina University of Illinois
I-28 Theory of Microwave Conductivity ' L. Pietronero ,

in Superionic Conductors Brown Boveri, Switzerland
I-29 Molecular Dynamics Studies of A. Rahman

Superionic Conductors Argonne National Laboratory

3:30 P.M. COFFEE |
SESSION 11 4:00 P.M. Chairman: K. Funke, University of Gottingen, West Germany

I-30 NMR Studies of Solid Electrolytes C. Berthier
and Solid Solution Electrodes University of Grenoble, France

I-31 Hydrodynamics of Superionic Conductors R. Zeyher
. : MPI Stuttgart, Germany

6:00 P.M DINNER

8:00 P.M. - 10:00 P.M. POSTER SESSION PC




THURSDAY, May 24, 1979

SESSION 12 9:00 A.M. Chairman: A. Lunden, Chalmers Technical University, Sweden

I-32 Int and T1Y Transport in Halide ~ D. F. Shriver
- Lattices Northwestern University
I-33 Recent Development in Solid Silver T. Takahashi ] ,
and Copper Ion Conductor Materials Nagoya University, Japan
I-34 Nature of Ionic Motions in Agl P. Vashishta
and Cul Argonne National Laboratory

10:30 A.M. COFFEE
SESSION 13 11:00 A.M. Chairman: B. Baranowski, Polish Academy - Warsaw, Poland

I-35 Raman, Tnfrared, Neutron Diffraction J. B. Bates :

and Ionic Conductivity Studies of - 0Oak Ridge NationallLaboratory
Beta''-Aluminas
I-36 EXAFS Investigation of Superionic J. B. Boyce
Conduction XEROX
I-37 The Role of Correlated Motion T. Geisel
in Superionic Conductors XEROX and University of Regensburg,
Germany-

12:30 P.M. LUNCH
SESSION 14 2:00 P.M. Chairman: D. H. Whitmore, Northwestern University

I-38 Low Frequency Light Secartering R. J. Nemanich

from the Cuprous Halides XEROX
I-39 High Pressure Studies of Fast Ion J. R. Ferraro
- - Conductors of the Mercury and , Argonne National Laboratory

" Silver Iodide Type

I-40 Dynamical and Critical Point M. B. Salamon
Properties of RbAg,Is  University of Illinois
I-41 Diffusion and Conductivity C. P. Flynn
in Superionic Conductors University of Illinois

5:00 P.M. BOAT TRIP

7:00 P.M. BAR-B-~



FRIDAY, May 25, 1979

SESSION 15 8:30 A.M. Chairman: W. L. Worrell, University of Pennsylvania
I-42 Effect of Additives and Moisture R. T. Johnson, Jr.

on the Ionic Conductivity of Sandia Laboratories

LigMO, (M=Al,Ga,Fe) '

I-43 Vitreous Solid Electrolytes B. Scrosati
University of Rome, Italy

I-44 Electrochemical Properties of U. v. Alpen
Some Solid Lithium Electrolytes MPI-Stuttgart, Germany

10:00 A.M. COFFEE

SESSION 16 10:30 A.M. Chairman: J. B. Wagner, Jr., Arizona State University

I-45 Structure and Ion Transport. in W. L. Roth

R" Alumina General Electric and Grenoble, France
I-46 Chemistry and Conductivity of G. C. Farrington

Protonic Beta Aluminas General Electric
I-47 Thermodynamic and Traﬁsport Properties B. C. H. Steele

of Selected Solid Solution Electrodes University of London, United Kingdom

12:00 A. M. LUNCH

2:00 P.M. BUSES TO AIRPORT




POSTER SESSION-PA 8:00 P.M. Monday, May 21, 1979 . :

PA-1

PA-2

PA-3

PA-4

PA-5

PA-6

PA-7

PA-8

PA-9

PA-10

PA-11

PA-12

PA-13

PA-14

 PA-15

PA-16

PA-17

PA~18

R. T. Dirstine and W. 0. Gentry, FABRICATION OF B"-A1,04
TUBES FROM CAST CERAMIC TAPE

G. Ro Miller, B. J. MCEntire, T. D. Hadnagy, R. S. Gordon an'd
A. V. Virkar, PROCESSING AND PROPERTIES OF SODIUM R"-ALUMINA AND
NASICON CERAMIC ELECTROLYTES

A. V . Virkar and G. R. Miller, DEGRADATION OF RAPID ION CONDUC-
TORS UNDER ELECTROLYTIC CONDITIONS

S. R. Tan and G. J. May, THE HEAT TREATMENT OF BETA-ALUMINA

H. Kuwamoto, Y. Hirotsu and H. Sato, SHORT PERIOD B-ALUMINA
TYPE COMPOUNDS

T. K. Hunt, N. Weber and T. Cole, SODIUM B";ALUMINA AT HIGH CURRENT
DENSITY

N. Weber, Terry Cole and T. K. Hunt, ELECTRICAL RESISTIVITY OF
BETA-ALUMINA SOLID ELECTROLYTES FROM 200 to}lOOO c

W. C. Dautremont-Smith, G. Beni and J. L. Shay, ALL SOLID STATE
ELECTROCHROMIC CELL BASED ON ANODIC IRIDIUM OXIDE FILMS (AIROFs)

C. E. Rice, IONIC CONDUCTION IN ELECTROCHROMIC ANODIC IRIDIUM
OXIDE FILMS

R. Aronsson, B. Heed, B. Jansson, A. Lunden, L. Nilsson, K. Schroeder,
and C. A. Sjoblom, RECENT STUDIES OF SULFATE-BASED SOLID ELECTROLYTES

B. B. Owens, D. F. Untereker and P. M. Skarstad, LOW TEMPERATURE
DEGRADATION IN THE SOLID STATE BATTERY Ag/RbAg415/I2

T. M. Gur and R. A. Huggins, DECOMPOSITION OF NITRIC OXIDE USING

'SOLID STATE ELECTROLYTE

T. M. Gur, I. D. Raistrick and R. A. Huggins, SOLID ELECTROLYTE/
POROUS ELECTRODE KINETICS '

W. Weppner and R. A. Huggins - THERMODYNAMIC PROPERTIES OF THE
SOLID ELECTROLYTE LiAlCl,

D. A. Stevenson, B. Heshmatpour and F. K. Moghadam, USE OF SOLID
OXIDE ELECTROLYTES FOR THE STUDY OF OXYGEN SOLUBILITY AND DIF-
FUSIVITY IN LIQUID METALS

L. D. Yushina, S. V. Karpachev, and W. I. Terekhov, NEW TYPE
OF CAPACITORS

S. S. Gishin - ABOUT SOME STUDIES IN ACCELERATED ELECTROFORMING
OF PLUMB ACCUMULATOR PLATES

S. Basu, and W. L. Worrell, CHEMICAL DIFFUSIVITY OF LITHIUM IN
Li,TaS, and Li TiS, AT 300




POSTER SESSION-PA: 8:00 P.M. Monday, May 21, 1979

PA-19

PA-20

PA-21

PA-22

PA-23

PA-24

PA~25

PA-26

PA-27

PA-28

PA-29

PA-30

PA-31

PA-32

PA-33

T. Palanisamy, R. L. Kerr and J. T. Maloy, SYNTHESIS, CHARAC-
TERIZATION AND UTILIZATION OF MSEr314012 COMPOUNDS AS
SOLID ELECTROLYTES IN ALKALI METAL-TiS, CELLS

W. van Gool and G. H. J. Broers, RECENT INVESTIGATIONS OF SOME
ION~-CONDUCTING OXIDES

M. Bayard, ANALYSIS OF THE ALTERNATING CURRENT PROPERTIES OF
LISICON CERAMICS

J. Grins and M. Nygren, T.. Wallin, COMPOSITIONAL DEPENDENCE
OF THE IONIC CONDUCTIVITY IN THE PYROCHLORE TYPE SYSTEMS
Me1+xTa1+xW1_x06,Me=Na, K, T1.

H. Y-P. Hong, CRYSTAL STRUCTURE AND IONIC CONDUCTIVITY OF A NEW
NEW SUPERIONIC CONDUCTOR, NayS8c,P40,,

J. M. Newsam, A. K. Cheetham and B. C. Tofield, STRUCTURAL RELA-
TIONSHIPS IN SOME SULPHATES AND ORTHOPHOSPHATES

D. Tranqui, J. J. Capponi, J. C. Joubert, R. D. Shannon and
C. K. Johnson, STRUCTURE ANALYSIS OF Na,Zr,Si30y, AT
300°C AND 600°C IN RELATION WITH THE IONIC CONDUCTIVITY

B. A. Boukamp, I. D. Raistrick and R. A.'Huggins, USE OF LOW FRE-
QUENCY AC MEASUREMENTS IN SOLID STATE ELECTROCHEMISTRY

R. J. Friauf, FOUR PROBE AC CONDUCTIVITY MEASUREMENTS FOR FAST
ION CONDUCTORS

M. Kleitz and J. H. Kennedy, RESOLUTION OF MULTICOMPONENT IMPEDANCE
DIAGRAMS

D. K. Cohen, S. O. Sari and K. D. Scherkoske, THE METAL SILVER-
LIQUID INTERFACE: OXIDE PROPERTIES FROM REFLECTANCE AND SCATTERED
LIGHT SPECTROSCOPY

H. H. Fujimoto and H. L. Tuller, MIXED IONIC AND ELECTRONIC TRANS-
PORT IN THORIA ELECTROLYTES

E. C. Subbarao and T. V. Ramakrishnan, IONIC CONDUCTIVITY OF HIGHLY
DEFECTIVE OXIDES

J. H. W. De Wit, T. Honders and G.H.J. Broers, THE RELATION BETWEEN
THE THERMOELECTRIC POWER AND THE FAST IONIC CONDUCTION IN

W. C. Bailey, A. R. Ochadlick, Jr., H. S. Story, and G. C. Farrington,
NMR STUDY OF SODIUM ION MOTION IN RB"-ALUMINA
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PA-34

PA-35

PA-36

PA-37

PA-38

PA-39

PA-40

PA-41

D. Brinkmann, M. Mali, J. Roos, H. S. Story and R. R. Dubin,
STUDY OF ANOMALOUS Na IN Na,O ENRICHED BETA-ALUMINA

M. Villa and J. L. Bjorkstam, Na?3 NMR AND TWO DIMENSIONAL
DIFFUSION IN R-ALUMINA ‘

C. E. Hayes and D. C. Ailion, NMR OBSERVATIONS OF Na IONIC DIF-
FUSION IN Na B"-ALUMINA AND NASICON

A. Highe, M. Polak and R. W. Vaughan, LOW TEMPERATURE STUDY OF
2352 SATELLITE SPECTRA IN R-ALUMINA '

G. E. Murch and R. J. Thorn, PHYSTCAL CORRELATION EFFECTS IN THE
LATTICE GAS :

H. Sato and R. Kikuchi, TEMPERATURE DEPENDENCE. OF HAVEN RATIO IN
FAST ION CONDUCTORS AND CORRELATION EFFECTS

J. C. Wang, J. B. Bates, T. Kaneda, H. Engstrom, D. F. Pickett, Jr.,
and S. Choi, MODEL STUDIES OF MIXED-ION BETA-ALUMINAS

D. Wolf, CORRELATION EFFECTS IN NON-STOICHIOMETRIC CRYSTALS:
APPLICATION TO R"-ALUMINA



POSTER SESSION-PB: 3:30 P.M. Tuesday, May 22, 1979

PB-1

PB-2

PB-3

PB-4

PB-5

PB-6

PB-7

PB-8

PB-9

PB-10

PB-11

PB-12

PB-13

PB-14

BP-15

PB-16

PB-17

C. A. Angell and L. Boehm, IONIC CONDUCTIVITY IN LITHIUM
OXIDE-FLUORIDE GLASSES

A. Avogadro, S. Manzini and M. Villa, 1B LINESHAPE AND
RELAXATION IN (AgI)y(Ag,0 B503)

K. Nassau and M. Grasso, ROLLER QUENCHING FOR PREPARING
HIGH CONDUCTIVITY GLASSES

D. S. Newman, D. Hazlett and K. Mucker, CROWN ETHER SOLID
ELECTROLYTES

R. R. Dubin,; J. B. Bates and T. Kaneda, CHARACTERIZATION
OF HEAT TREATMENT INDUCED CHANGES IN Li-Na BETA ALUMINA
SINGLE CRYSTALS

R.. Re Dubin, LITHIUM MOTION AND ACTIVATION IN Li-Na BETA

. ALUMINA SOLID ELECTROLYTES

S. I. Choi and F. Sonnichsen, DISTRIBITION OF IONS IN
MIXED R-ALUMINA

T. Kaneda, J. B. Bates, J. C. Wang and H. Engstrom, IONIC -
CONDUCTIVITY AND RAMAN SPECTRA OF Na-Li, K-Li, and K-Sn
BETA-ALUMINA l

U. von Alpen, M. F. Bell, R. Brautigam and H. Laig-Horstebrock,
SODIUM ION CONDUCTORS - NASICON AND Na-B-ALUMINA

C. K. Chiang, A. L. Dragoo and A. D. Franklin, SLOW TRANSIENT
C. B. Choudhary and E. C. Subbarao, ELECTRICAL‘CONDUCTION

IN THE CUBIC FLUORITE PHASE IN THE SYSTEM ZrO, = YO; g - Ta0y g
D. K. Hohnke, IONIC CONDUCTION IN DOPED ZIRCONIA

A. S. Nowick, Da Yu Wang, D. S. Park and J. Griffith, OXYGEN-
ION CONDUCTIVITY AND DEFECT STRUCTURE OF CeO, DOPED WITH
T.-van Dijk, K. J. de Vries and A. J. Burggraaf, ELECTRICAL
CONDUCTIVITY IN CERAMIC SOLID SOLUTIONS OF ZrO,-LnO; ¢

WITH Ln=Gd, Nd.

C. Levy, D. Schleich and O. Gorochov, EXPERIMENTAL STUDY
OF IONIC CONDUCTIVITY IN Cuj3VS, (SULVANITE)

J. A. Little and D. J. Fray, THE PHYSICAL AND CHEMICAL
PROPERTIES OF COPPER R-ALUMINA

M. Rosso, H. Arribart, B. Sapoval and N. LéNagard ‘GIANT

DECREASE OF Cu3VS, ELECTRONIC CONDUCTIVITY IN IONIC
SOLUTION
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PB-18 M. M. Thackeray,and J. Coetzer, THE ELECTRICAL CONDUCTIVITY
AND CRYSTAL STRUCTURES OF POLYAMINE IODIDE/SILVER IODIDE SOLID
ELECTROLYTES

PB-19 T. Wada and J. B. Wagner, Jr., TRANSIENT CURRENT IN THE CELL,
(O Cu |Cul| GRAPHITEQ®D

PB-20 T. Wada and J. B. Wagner, Jr., HOLE CURRENT-VOLTAGE CHARAC-
TERISTICS IN(D Cu |Cul| GRAPHITE@

PB-21 B. Baranowski and A. Lunden, VOLUME OF ACTIVATION FOR FAST
IONIC CONDUCTION - A PROPOSITION FOR SOLID AND MOLTEWN
SALTS

PB-22 A. Clearfield and P. Jirustithipong, KINETICS OF GAS-SOLID
AND SOLID-SOLID REACTIONS IN ZIRCONIUM PHOSPHATE

PB-23 E. Prasad, M. Sayer and J. Corey, DETERMINATION OF DIFFUSION
COEFFICIENT OF SOLID ELECTROLYTES FROM MEASUREMENTS ON
POLARIZATION CELLS

PB-24 S. R. Shatynski, CHEMICAL DIFFUSION IN MULTICOMPONENT
: SOLIDS

PB-25 A. R. Bishop, W. Dieterich and I. Peschel, INTERACTING
BROWNIAN PARTICLES IN A PERIODIC MEDIUM

PB-26 A. Bunde, STATICS AND LOCAL DYNAMICS OF SUPERIONIC
CONDUCTORS NEAR THE PHASE TRANSITION

PB-27 P. M.‘Richards, FREQUENCY DEPENDENCE OF HOPPING CON-
DUCTIVITY

PB-28 E. Siegel, ORIGIN OF THE TWO-LEVEL SYSTEM IN SUPERIONIC
CONDUCTORS

PB—29 D. C. Ailion and C. E. Hayes, EFFECTS OF ABSORBED
‘ WATER ON NMR LINESHAPE AND T; IN Na B"'-ALUMINA

PB-30 J. L. Bjorkstam and M. Villa, A1%27 NMR IN SINGLE
CRYSTALS OF B-ALUMINAS

PB-31 A. Highe and R. W. Vaughan, EVALUATION OF CATION DISTRI-
BUTION IN Li/Na B-ALUMINA FROM FIRST-ORDER QUADRUPOLAR
NMR SPECTRA

PB-32 K. L. Ngai, ac CONDUCTIVITY AND NMR RELAXATIONS IN
IONIC CONDUCTORS

PB-33 A. R. Ochadlick, Jr., W. Bailey, H. S. Story, G. C. Farrington
and J. Briant, PROTON MAGNETIC RESONANCE IN NH4 B
AND NH,-B"ALUMINA
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PB-34

PB-35

PB-36

PB-37

PB-38

PB-39

R. J. Cava, F. Reidinger and.B. J. Wuensch, CONDUCTIVITY
MECHANISMS IN THE SUPERIONIC PHASES OF Agl AND Ag,S AS
DETERMINED BY NEUTRON DIFFRACTION

Y. Chabre, P. Segransan, C. Berthier, and G. Ouvrard, NMR
NMR AND NEUTRON DIFFRACTION STUDIES OF MIXED CONDUCTORS
Li, MPXg

M. H. Dickens, W. Hayes, M. T. Hutchings and C. Smith, ANION
DISORDER IN TWO FLUORITES AT HIGH TEMPERATURES AS DETERMINED
BY NEUTRON DIFFRACTION.

M. H. Dickens, W. Hayes, M. T. Hutcﬁings, J. Kjems and
C. Smith, INVESTIGATION OF ANION MOTION IN FLUORITES AT HIGH
TEMPERATURES USING NEUTRON QUASI-ELASTIC SCATTERING

W. F. Kuhs, and G. Heger, NEUTRON DIFFRACTION STUDY OF CUgPSgBr
AT 293 K AND 473 K ‘ '

S. M. Shapiro and M. B. Salamon, SINGLE PARTICLE EXCITATIONS IN
RbAg,Is
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PC-1

PC-2

PC-3

PC-4

PC-5
PC-6
PC-7

PC-8

PC-9

PC-10

PC-11

PC-12

.PC-13

PC-14

PC-15

PC-16

A. V. Chadwick, D. S. Hope, G. Jaroszkiewicz and J. H. Strange
NMR AND CONDUCTIVITY STUDIES OF IONIC TRANSPORT IN LaFg

G. Couturier, Y. Danto, J. Pistre, J. Salardenne, C. Lucat,
J. M. Reau, J. Portier and S. Vilminot, THE ANIONIC CONDUCTOR
PbSnF,: STUDY OF THIN FILMS AND CERAMICS

J. M. Oberschmidt and D. Lazarus, ACTIVATION VOLUMES OF SUPER-
IONIC CONDUCTORS WITH THE FLUORITE STRUCTURE

D. 0. Pederson, J. A. Brewer, G. T. Chew, R. B. Foster, and
S. R. Montgomery, ULTRASONICS IN IONIC CONDUCTING FLUORIDE
FLUORITES

D. Gourier and B. Sapoval, AMMONIUM IONS ARE "ROLLING" IN BETA
ALUMINA

H. Arribart, J. F. Gouyet and B. Sapoval, ORDER-DISORDER TRANSI-
TION BETWEEN OFF-CENTER POSITIONS IN THE MIXED CONDUCTOR Cu3VS,

H. Arribart and B. Sapoval, CHEMICAL ORIGIN OF THE MOBILE IONS AND
NUCLEAR RELAXATION IN Cuj3VS$,

D. S. Rimai and R. J. Sladek, PRESSURE DEPENDENCES OF THE ELASTIC
CONSTANTS OF CUBIC PbF, AT 296 K and TEMPERATURE DEPENDENCES
OF THE SPECIFIC HEAT OF CUBIC AND ORTHORHOMBIC PbF,

R. D. Hogg, S. P. Vernon and V. Jaccarino, MAGNETIC TAGGING OF ION

DIFFUSION IN PbF,

G. Burns, LATTICE DYNAMICS OF BINARY SUPERIONIC CONDUCTORS

S. W. de Leeuw and J. W. Perram, MOTION OF CHARGE CARRYING IONS
IN SODIUM R-ALUMINA

M. Dixon and M. J. Gillan, FAST ION TRANSPORT IN SrCQZ
T. M. Hayes and J. B. Boyce, ION FLOW IN A SUPERIONIC CONDUCTOR
W. Schommers, STRUCTURAL AND DYNAMICAL BEHAVIOR OF 0~Agl

P.W.M. Jacobs, J. Corish, B. A. Devlin and C.R.A. Catlow, IONIC
TRANSPORT IN SILVER HALIDES

J. A. Cowen, C. L. Foiles and D. L. Edmunds, THERMOPOWER MEASURE-
MENTS IN RbAgAI5 FILMS
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OVERVIEW OF BASIC AND APPLIED RESEARCH ON BATTERY SYSTEMS AT ARGONNE

M. V. Nevitt, Argonne National Laboratory, 9700 S. Cass Avenue,'

Argonne, Illinois 60439, USA

This paper will point up the need for a basic understanding of the ion-

'transport and relatéd effects that are observed under the unique physical and

© electrochemical conditions occurring in high-temperature, high-performance

batteries. Such effects include those that are typical of transport in bulk
materials such as liquid and solid electrolytes and the less well understood
effects observed in migration in and across the inﬁerfacial zones existing
around electrodes. The basic and applied studies at Argoﬁne National Labora-
tory, centered in part around the developﬁent of a Li(alloy)/iron sulfide
battery system for energy storage, will be briefly described as an example of
the way that such an understanding is being sought'by coordinated interdisci-

plinary research.

" Work péfformed under the auspices of the U. S. Department of Energy.
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ROLE OF BASIC RESEARCH IN OUR ENERGY FUTURE

. James S. Kane, Associate Director for Basic Energy Sciences
- Office of Energy Research

The United States finds itself in an energy situation that consists of two
'independent, but edually grave components,

Stated very briefly, problem number one is the increasing price of readi-
ly available (at least prior to the revolution in Iran) energy. This is causing
severe economic difficulties with Americans, who refuse to live within their
energy means, and to the developing world, whiéh has insufficient means to live
within, | |

The second problem is ome of very difficult time constants. The supply 6f
cheap and convenient fuels we now rely 6n is finite, and we face the very real
and difficult problem of bringing on the new sources in time to permit a smooth
transition from current depleting sources. Our energy system is huge, expensive
and pervasive. To change it from its current reliance on gas and petroleum to the
new sources will require enormous effort, and a corresponding long lead time.

All new sources of energy will be very expensive, in comparison with today's
‘energy costs. All have very difficult technical problems. Along with this need
for new sources of supply, there is the need to totally reconfigure the ways in
which Americans use energy. America developed when ehergy wasAcheap; it. is not
surprising that we -consume ineffiéiently. Yet redesigning the end-use.part of
the energy system is also a process of long time constants.

" The sum of all these requirements 1s nuthing lcoe than a total restructur=
ing of our energy system, and in some ways, our lives. To do this 1u time, and
at an ultimate cost, both economic and environmental, that we can afford will A
challenge all pérts of our society, including the scientific enterprisé.

The role of basic research is to examine carefully the scientific oppor-
tunities related‘po the impediments to new sources, the difficulties with pre-
sent ones, and inefficiencies in the ways we consume. In this talk I will re-
"view some of the more critical research needs in tﬁe different areas of techno-

logy, and illustrate benefits such research could bring.



LAYER AND TUNNEL COMPQUNDS - FAST ION TRANSPORT
AND ELECTROCHEMICAL ENERGY STORAGE . -

M. Stanley Wh1tt1ngham Corporate Research, Exxon Résearch and
Eng1neer1ng Company, P.0. Box 45, L1nden N.Jd. 07036

E]ectrochem1ca1 systems are needed for the revers1b1e storage of elec- .

trical energy to be used in utility load leveling, electric vehicle propu1s1on,

solar electric storage, and electronic devices. The key components in
batteriés that require fast ion transport fn‘the solid staté are the electro-

' lyte and the electronegative electrode, the cathode. Characterization of
these components requires é knowledge of their structure,. thermodynamics and_
ion kinetics. : . |

The key characteristics of solid electrolytes and cathodes will be dis-

cussed in relation to those of the layered compounds beta alumina and titanium .

disulfide. These will then be extended to tunnel structures such as found
amongst the transition metal oxides and sulfides. ‘Among the areas to be dis-
cussed are the effect of ionic radius and structure on ionic mobility,
diffusion mechanism, topochemical and reversible cathode reactions, and the

. importance of thermodynamics to both components.
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LITHIUM/METAL SULFIDE BATTERY DEVELOPMENT

R. K. Steunenberg, Chemical Engineering Division, Argonne National

Laboratory, Argonne, Illinois 60439

Lithium/metal sulfide batteries are being developed by Argonne National

'Laboratory and industrial contractors for electric-vehicle propulsion and for

$tationary—cnérgy-storagﬂ'appiications such as load.leveling° The battery
cells consist of lithium-aluminum or lithium-silicon negative electrodes, iron
sulfide (FeS'or FeSz)'positivé electrodes, and molten LiCl-KCl electrolyte.

The cells are enclosed in a thermally insulated jacket to maintain an operating

. temperature of 400-500°C. A 40-kW-hr electric-vehicle battery consisting of

120 Li-Al/FeS cells is currently being fabricated énd is scheduled for labora-

'tdry and in-vehicle testing in 1979.
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SODIUM/SULPHUR TRACTION BATTERIES - A REVIEW
OF PROGRESS AND PROBLEMS IN THEIR DEVELOPMENT

R. M. Dell and R. J. Bones
U.K. Atomic Energy Authority, Harwell, Oxfordshire.

Sodium/sulphur batteries based on beta alumina as solid electrolyte have
been under intensive development for thirteen years. In Europe the emphasis
has been on traction batteries for road vehicles and railway applications.
This paper presents an overview of recent progress, particularly in the U.K.,
and attempts to set this in the framework of problems remaining to be solved.

Recent developments in cell design and constructidn are reviewed first,
followed by a consideration of each of the major components in turn.’ The
impbrtance of materials science and technology in determining the electrical
performance and durability of célls is emphasised. Causes of cell »
detépioration and failure in use are discussed. The overall objective of
producing a cell of high energy density and low cost, which is reliable and
maintains its capacity for a long life, and which is guaranteed safe in use is
seen to be a formidable technical challenge. An inter-disciplinary team
approach has resulted in cell designs which are well on the way to meeting
this specification, although much detailed work remains to be done before
success is assured. |

Several battery experiments of increasing scale, up to 10 kWh, have be:n
conducted to obtain information on the electrical behaviour of series/parallel
arrays of cells. Safe operation of these batteries has been achieved by
incorporating appropriate safety design features.into the cells. .Further
devélopment work on batteries will require the provisiOu ol large numbers of
éells, and pilof plant productidn facilities for these are now being -

installed.
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ADVANCED BATTERY PROGRAM IN GENERAL ELECTRIC
J. A. Asher, Corporate Research and Development, General Electric Company

Schenectady, New York 12301

Since 1973,tsodium—sulfur battery development at GE, with_co-sponsor=
ship by the Electric Power Research Institute (EPRI), has been directed at the
application of load leveling for utility service. The sodium-sulfur battery

concept is highly attractive in this application in that non-critical materials
are used and, by comparison to the lead acid battery, is five-fold more compact.
At the heart of the cell is a beta-alumina solid electrolyte which acts as a
barrier to the molten sodium and sulfur and only permits the passage of sodium
ions during cell operation. To provide the desired high efficiency (75%), the
cell operates at between 300 and 350°C. This required high temperature cell
environment contributes to the many challenges facing the development of this
advanced battery concept.

‘Between 1973 and 1977, work at GE was focused on developing the critical.
elements of the cell on a small, prototype scale. These critical elements in-
cluded the (1) ceramic electrolyte, (2) corrosion resistant container coatings,
(3) seals (interior and exterior), and (4) sulfur electrode designs. Hundreds
of small cells (16 AH) have been tested for life and performance in the develop-
ment of these cell elements. Typical life of these small cells now exceed 700
cycles. The primary failure mode has been the mechanical exterior seal which
has recently been replaced by a novel thermocompression bond with long-life
potential.

The success of small laboratory cells has provided the confidence for
scaling up the cell to a commercial prototype size (full size). This full-size
cell has been designed with a ten-fold increase in capacity to 160 AH. The
critical scale-up development is now complete. Electrical performance testing
of full-size cells began in January of 1979, following a six-month period of
safety evaluation testing. To date, these cells have performed satisfactorily
meeting the design depth of discharge (80% of theoretical).

In parallel with this effort, a system design has been undertaken for
packaging cell groups. The result of this work has been the development of a
100 Kwh liquid~cooled module. Such a module contains 360 cells in .electrical
parallel-series caonnection, The liquid-cooled cathode busbar acts to provide
both the cell heat transfer and current collection. A sub-module, called a
bundle, consisting of 20 full-size cells in parallel, will be under test by
June as a major demonstration of this advanced battery concept.

Details of the cell scale-up and testing are the subject of this paper.
The solid ceramic electrolyte development will be given special emphasis.
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PRECISION ANALYSIS OF THE L1'/T1'S2 BATTERY

A. H. Thompson, Exxon Research and Engineering Co., P. 0. Box 45,
Linden, NJ, 07036, USA '

Detailed measurements on the Li/TiS2 battery ;oup1e have revealed
I ‘ subtleties on the voltage composition relation that are related to the
structural ordering of lithium ions intercalated into Tisz.] .The impact of
these results on our understanding of intercalation chemistry and on battery
operatibn will be discussed. Recent measurements on other cathode materials
will be compared to TiS,. ‘

Ta. H. Thompson, Phys. Rev. Lett., 40, 1511 (1978).
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EVALUATION OF PROPERTIES RELATED TO THE APPLICATION OF FAST IONI1C
TRANSPORT IN SOLID ELECTROLYTES AND MIXED CONDUCTORS

‘ Robert A. Huggins
Department of Materials Science and Engineering -

Stanford University,'Sténford, California 94305

Recent work on materials exhibiting fast ionic transport has led to the
possibility of a wide range of practical applications. These fall into two
general classes. In one of these, the critical feature is the selective
transport of ilonlc sjpecies in solids which are essentially electronic
insulators, so they can be used as solid electrolytes. In the other the
existence of mixed conduction, with both rapid ionic transport and appre- ‘
ciable electronic conductivity, is important.

~ In solid electrolytes, initial attention is generally focused upon the
questionsof the ﬁagnitude of the ionic conductivity and the ionic transference
number. However, their practical utilization is often seriously limited by
other factors. Important among these are the restricted ranges of chemical
potentials over which they are thermodynamically stable and over which they
conduct electric charge primarily by ionic transport. Techniques will be dis~
'cussed whereby these features can be evaluated.

. The practical utilization of mixed conductors often also involves the
evaluation of the ranges of chemical potential and composltion over which spec1-
fic phases can exist. Especially interesting for some applications are
materials which undergo insertion reactions in which appreciable concentrations
of certain relatlively mobile ionic species can be accommodated within essen-
tially static hust cryotal lattices. In this case one of the other important
parameters, which controls the rate of the insértion process, is the chemical
diffusion coefficient. It has recently been demonstrated that several tech-
niques involving the use of galvanic cells can bc employed to evaluate chemical
diffusion in in;efmetallic compounds and other'miied conductors, such as
ternary oxides and chalcogenides. These will be discussed, and it will be
shown that, when used in conjunction with COulometric titration, such tech-
niques can also provide high compositional resolution in phases with narrow

composition ranges.



AMBIENT TEMPERATURE SOLID ASTATE BATTEMES
B. B. Owens and P. M. Skarstad, Medtronic, Inc., 3055 Old Highway Eight,
Minneapolis, Minnesota 55418 UéA

Conceptually, ambient temperature solid electfolytes would pe;mit the
design of batteries cxhibitiné enhanced opefating chafacteristiCS over a
wide temperature range and minimal parasitic losses;

Most of the development effort has been expended on primary batteries
based upon the Ag/I2 and Li/I2 couples. However, a major limitation'has
been the inherent restriction to very low power orzenergy densities. Cel}s
utilizinglthg solid electrolyte RbAg,I¢ (O=O.289-lcm'l) have curreét capabil-
ities in the mA/cm2 range and enetgy densitiés limifed to <O.1Wh/cm3 by the
decomposition EMF and the use of silver anodes.

Li cells b&sed upon Lil or'LiI(A1203) exhibit é marked increase in energy
density at very low power levels, and are expected to deliver 0.8Wh/cc in
cardiac pacemakers. The requirement of 80uUW averagé power drain for five
to ten years, under isothermal (37°C) conditions has been effectively met ’
by solid state batteries. Further improvements in this area of battery
technology will result from solid electrolyte materials that simultaneously

exhibit fast ion conductiVity, high decompositibn poteﬁtials and compatibility

with rechargeable -electrode materials.
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NEW TYPES OF SOLIDE ELECTROLYTE GAS SENSORS

M. Kleitz*, A. Pelloux, Ecole d° Electrochimie -~ Grenoble, Fraﬁce
M. Gauthier, Institut de Recherche de 1°Hydro Quebec -~ Montreal,

Quebec, Canada

The current status of the conventional sensors is reviewed. The
yarious types of reference electrode and typical applications are described.

Two mnew possiﬁilities were investigated. One involved a contact be-
tween two solid electrolytes either identical or different in composition.
Such a contact can eliminate the most detrimental effect of the in;ernéi |
electronic short circuit. It can also make the sensor more specific for
' comble‘x gl,as; analysis. | ' ‘

- The second 1s based on the utilization of a suppurted electiolyte.

Experimental results obtained with SrC, - based solid solutions illus-
trate this possibility and shows that working temperéture»of the oxygeﬁ

gauge can be significantly lowered in this way.

*
Presently at the University of California, Santa Barbara.
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ELECTROCHROMISM OF ANODIC IRIDIUM OXIDE FIIMS (AIROFs)
G. Beni and J. L. Shay, Bell Laboratories, Holmdel, N. J., USA

Wé review ﬁhe preparation and propefties of a new electrochfomic
material, an.anodically-grown Iridium Oxide film (ATIROF) and discuss the
mechanism of its_eiectrochrémic process. The AIROFs' main charécteristics_
are: fast coloring aﬁd.bleaching times; good contrast in reflection and
transmission; goodlqpen circuit memory and stability; long lifetimes in
.operation; low.switching voltage and powér consumption; no major sideA
reacfions; operability at room temperature; insensitivity to temperature
fluctuations, and relatively sharp threshold. .

We describe the major recent developments in ATROFs' elecfrochromism,
i.e. 1) a heat treatment which impro?es respdnse times and greatly - |
improves stability; 2)Athe observation that the maximum coloration and the
speed of response are independent of pH, i.e.vessentially the same for
acidic, neﬁtfal, or alkaline electrolytes, 3) a transmission ceil in which
the AIROF is grown on a semi-transparent conducting substrate, and L) all
solid state electrochromic cells based on solid electrolytes.

We also describe the observation of a new eiectrochromic isotherm in
ATROFs, and show that'there are two distinct electrochromic processes with
different isotherms. Both isotherms are dominated by internal éntropy
changes of non-interacting particles and are quantitatively different from

those of proton injection processes in WO, electrochromics. These results

3 .
indicate that AIROFs are ideal entropy batteries and that processes other
than simple proton injection can charge (color) and discharge (bleach)

them.
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ORDERING OF THE CONDUCTING IONS TIN SILVER B ALUMlNA
- J. P, Boilot, G. Collln, Ph. Colomban, R. Comes
Laboralulre de Physique des Solides associ® au CNRS
‘Université Paris-Sud - B@timent 510
91405 ORSAY (France)
X-ray scattering investigations of silver B alumina (11 A1203 - x.Ag20~
with 0.3 < x < 1) reveals at low temperature an ordering of the conducting ions
~which is markedly stoichiometry dependent. While the high temperature conduct-
ing state of the conducfing ions can be shown to be always characterized by a
2D quasi—liquid order, at low temperature a progressive quasi cr&stalling order . {
is found to build up. For the nonstoichiometric crystals, this order is a short l
range superstructure. TFor stoichiometric crystals (x = 1) on contrary, a simi-
lar type ot dfdering 1s fouud but is long range, and a clear phase transition
is obserﬁed between the high temperature conducting state and the low tempera-

ture nonconducting phase. , ' l
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NEUTRON DIFFRACTION STUDIES OF BETA ALUMINAS AKD OTHER IONIC CONDUCTORS
B.C. Tofield, Materials Development Division, AERE Harwell. OX11l ORA

J.M. Newsam, Chemical Crystallography Lab, Parks Road, Oxfbrd, England

We have been interested to understand structural features influencing
. fast ion conductivity in-oxyacid salts and in beta aluminas. Of particuiar
l interest have been beta aluminas substituted with hydrogen, which are stable
. to water loss to quite high pemperaturés, and are promising prototype 3 i
i ‘ materials for proton conducting electrolytes in atom monitors or electrical |
| ~ power devices.
~The chemistry of beta alumina with sodium substituted by protons in

different ways, as documented in the literature, is confusing aﬁd complicated.

Various materials have been studied using neutron and x-ray diffraction as

partAof an attempt to understand this chemistry.. Anhydrous polycrystalline

deuterium beta aluminas prepared from silver precursors have a D-0(5) bond

at low temperature, the normal site occupied by cations being empty, and

a stoichiometric composition, DAl,.O There are, however, structural

11717°
variations from material to material, and with tempcrature.

Ammonium beta alumina single crystalo, prepared by exchange for sodium
in ammonium nitrate, have been studied at room temperature by x-ray and
neutron diffraction, and, after high temperature treatment to remove ammonia,

' : by neutron diffraction. Preliminary refinements show NH4+ ions to be centred
at the Beevers—Ross position with the proton positions revealed. Additiona:
scattering intensity near mid-oxygen sites may indicate the presence of
water as well as NH4+ in the mirror plane. After treatment at 600°C or
zbove, but without exposure to moisture, a different material is obtained

to that prepared by direct hydrogenation of silver beta alumina.
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STRUCTURE:- INVESTIGATIONS OF SUPERIONIC CONDUCTORS:
, REQUIREMENTS, RESULTS AND NEW QUESTIONS.
F. Reidinger, Department of Energy and Envirohment, 8l5 Brookhaven National
Laboratory, Upton NY 11973, '

Disorder on the sublattice of mobile ions can be caused by defects in
the framework structure, as in the B-aluminas, by a thermally induced transi-
tion, e.g. the fluorites, or is inherent in the particular structure, as in
«-AgI. Structural studies of representative compounds will be discussed, with
emphasis on characteristic features and implications for models predicted

from theory or derived from less direct exﬁerimental techniques. The topics

“include: 1) The relaliuvin between opincl and B-alumina, highlighted by the

recognition that both 1.22Na20'11A1203 and Na1.66Mg.66A110.33017 a?e stabi-
lized by the expulsion of 2/3 of a positive charge from a spinel block.

ii) Comments on coordination and bonding characteristics, in particular the
similarity between the Strock model for «-Agl and the superionic fluorite

phase. iii) Relations between pair potential, site potential, probability

" density and diffusion mechanism as found in «-AgI and the isostructural v,

Nb and Ta hydfidés. These compounds permit the independent measurement-6f
ffequencies and corresponding mean square displacements of oscillators in the -
classical and quantum limit respectively. There is strong evidence that thé
equipartition theorem may be valid even for the latter, in contradiction to
the universally accepted model, ’

Repeatedly,'the danger of substituting 'reasonableness® for experimental
facts will be demonstrated, but above all, the need for closer cooperation

between scientists using different techniques will become apparent.
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EFFECT OF PRESSURE AND COMPOSITION ON FAST Na'-ION
TRANSPORT IN THE SYSTEM Na., , Zr Si P, O, ,*
TlxTT27x 3-x 12
J. A. Kafalas and R. ]J. Cava, ¥ Lincoln Laboratory, Massachusetts Institute of
Technology, Lexington, Massachusetts 02173

Very high Na+- ion conductivities have been observed in the system

- Na l+xZ1-.ZSIXP3-X012. For example, the conductivity of NASICON (Na32r2P8120 12) is

0.4 -1 cm” 1at 300°C, equaling the value for high-grade Na-B-alumina ceramics.

In addition, longevity tests have shown that NASICON e:dlibits considerable stabiiity in

the presence of molten Na and Na,_S . The materials in the Na | Zxr,Si P, O _ -
2°x Hx"7727x 3-x 12

system are solid solutions varying continuously in composition over the range

0 = x = 3, with a structure consisting of a three-dimensional network of 5iO, and/ox

4
PO, tetrahedra corner-shared with ZxO, octahedra. The mobile Na+ ions partially

4 6
occupy the three-dimensionally connected interstitial space formed by the alternatingly
linked tetrahedra and octahedra. We have measured the effect of hydrostatic pressure
(to 7 kbar) and composition on ionic conductivity for a series of ceramic specimens with
densities exceeding 95% of theorctical.: The conductivity decreases with presslurve,A
- with a depehdencé corresponding fo a positive activation volume. This volume decreases
as x increases, indicating an increase in bottleneck size with increasing x. This
change is consistent with the effect of composition on conductivity, which exhibits a

broad maximum for x of 1.8 to 2.4, increasing slightly as x increases over this ra'n'gc.

'although the concentration of vacant Na+ positions decreases by 50%.

*This work was sponsored by the Department of ‘Energy. .
TPresent address: National Bureau of Standards, Gaithersburg, MD 20760.
l]. B. Goodenough, H. Y-P. Hong, and J. A. Kafalas, Mater. Res. Bull. 11, 203 (1976).
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NEUTRON DIFFRACTION OF DOPED 31203 and L14 Si0, AND RELATED
STUDIES

B.E.F. Fender, Inorganic Chemistry Laboratofy, University of Oxford.

. Powder neutron diffraction studies provide an important-first step in
the determinafion of the'structﬁre of many fast ion conductors. The
; _ adﬁantages'and disadvantagés of powder techniques for ;he'structural investi-
- gation of these materials is discussed with particular reference to'results
| obtained for Sr0 doped Bi,0, and for Li, P Si, 0, and Li, , S Si, 0,. The
impact of some of the future developments in both neutron single crystal and.

powder techniques for the study of disordered solids is assessed.
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FACTORS AFFECTING ION MOBILITY IN SUBSTITUTION - INTERCALATION COM-
POUNDS IN CHALCOGENIDE HOSTS

+

J.‘Rouxel, Laboratoire de Chimie des Solides’ﬂ Faculté des Sciences,
2, rue de la Houssiniére, 44072 Nantes Cédex, France.

The AxMS intercalation compounds of alkali metals in lamellar dichalco-

2
genides are generally both electronic and ionic conductors. The ionic conduc-
tivity is related to the diffusion of the Na+ ions between theAslabs of the
host. At the same time intercalation in semi-conducting chalcogenides (erz,
HfS2 for example) induces an electronic contribution which results from the
ionization of the A atoms, each of them being supposed to give one electron

to the conduction band. '

It is possible to suppress this induced electronic contribution by per-
forming simultaneously a substitution in the slab and an-intercalation between
them. The AXM'iIIMfosz derivatives (M' = In, Y ..., MIV = Zr, Hf, Sn ...,

0 <x 1) are valuable ionic conductors. They provide good models for studying
ionic mobility in a true two-dimensional space according to the various struc-
tural types, the values of x, the nature of the M' and M cations. An experimen-
tal study has been carried out according tn these factors.

In a given series of compounds the activation energy strongly depends on
the ratio of the occupied and available sites in the Van der Waals gap. Con-
cerning the covalency of the host structure it is found that the greater the
fractional -ionicity of the M-S and M'-S bonds, the higher the activation ener-
gy. For the alkali metal ions trigonal prismatic sites are also more favora-
ble than octahedral sites for ionic mobility. The relationship hetween these

factors are discussed and . interpretations are proposed.

*® Associated to CNRS (L.A. N° 279).




POLY-ETHERS AS SOLID ELECTROLYTES

M.B. Armand, J.M. Chabagno, M.J. Duclot

Laboratoire d'Energétique Electrochimique - ENSEE Grenoble

B.P. 44 Domaine Universitaire - 38401 Saint Martin d'Héres{

France

We have investigated the complexes formed by poly (ethylene oxide)
(PEQ) and poly(propylene oxide) (PPO) and alkali metal salts as cation

transducers.

PEO- has strong solvating properties and gives adducts with selected
salts of the five alkali-metals, however, with the lighter elements (Li,Na),
the complexes formued are crystallineg the polymaric solid electrolytes thus

formed are tough materials, with thermoplastic properties.

PPO, on the other hand, has excellent elastomeric propertigs, with
a low Tg (-60°C) the low crystallinity due to the steric hindrance of the
pendant methyl group, for material obtained by noﬁ-stereospecific polyﬁerisa—
tion procedures. With less pronounced solvating properties, PPO forms
complexes.bnly with Li and Na salts of the strongést acids (HSO3CF3,HC104).
The adducts retain the elastomeric properties of the salt-free polymer with

cven improved tensile strengh,

The conductivity of these solid electrolytes is strongly dependant
on salt concentration (0O/M ratio). Optimization of composition leads to
materials with the desired mechanical properties and conductivities

> 10-5 (Slcm)—}.at low temperature (40°C).



TOPOCHEMICAL REACTIONS OF METAL OXIDES WITH LITHIUM

D. W. Murphy, P. A. Christian, J. N. Carides, and F. J. Di Salvo,

Bell Telephone Laboratories, Murray Hill, New Jersey, U.S.A.

Two large ciasses of transition metal oxides with framework struc-
tures have been found to reversibly incorporate lithium at room
temperature. One class consists of the rutile related dioxides, MO2.

In order for lithium incorporation to proceed .at moderate rétes the

rutile must have a relatively large unit cell and metallic conductivity.

The other class consists of compounds having perovskite related

lattices with vacant A sites, such as ReO_ and the shear related

3

vanadium oxides V,,0 V6Ol3’ and VO2(B). The prototype ReO3 reversibly‘

s
accommodates 2.3 iizhium ions per perovskite cavity. For the
vanadium oxides, the V2O5 lattice can accommodate only one lithium
ion per cavity before irreversible structural changes occur, whereas
the V6Ol3 and VO2(B) lattices can incorporate approximately foqr.
lithium ions per cavity without irreversible structural changes.
3 13" The |
cells Li/Li /V6O13 have excellent rechargeability in the voltage range’
of 2.8-2.2 volts. The theoretical energy density is 800 Whr/Kg.

For V6Ol3 this results in an overall stoichiometry of Li8V6O

The chemical preparation and characterization of the various new
tefnary oxides will be discussed. All the ternary oxides of interest
are unstable at elevated temperatures ranging from 80°C (for LiWOQ)

to' 300°C (for Livzos) .



HIGH ALKALL ION CONDUCTIVITY IN RAPIDLY QUENCHED OXIDES CONTAINING NO

= NETWORK FORMERS

- A. M. Glass and K. Néssau, Bell Laboratories, Holmdel and Murray Hill, N.J.

Non-crystalline solids would appear to be wéll suited for abplications as
solid electrolytes. The materials are characterizedAby the high degree of struc-
tural disorder required for fast ion transport and they can be prepared wi;h a
high density of mobile ion speciés. In addition they have isotropic ionic con-
ductivity and a lower electronic conductivity than their crystalline counter-
parts.

We have prepared a large variety of new oxide glasses containing no net-

work formiﬁg'additives, by twin-roller quenchipg.' The majority of glasses do

not devitrify below 400°C. In all the cases we have studied, the glasses ex-

hibit ionie conductivities considerably greater than crystalline materials of the

same composition.,” Room temperature Ilithium ion conductivities up to 15=5_ELA=IMM

cm-l have been meésured in Niobate and Tantalate glésses, which have crystalliine
conductivities below 10-20 ohmq% cm-l;WE will repoft a systematic study sf over
100 glass compositions in which we have observed the effects of cation radius,
fractional alkali ion content of the glass and mixed alkali effects. We will
alsoc report preliminary measurements on the more conductive glasses prepared by

sputtering techniques.,



DIFFUSION AND IONIC CONDUCTIVITY IN SOLID ELECTROLYTES*

~ John N. Mundy

Materials Science Division

Argonne National Laboratory

Argonne, Illinois 60439 USA
In ionic solids, the most usual experimental method of determining
the correlation factor (f) has Been a comparison of tracer diffusion
and ionic conductivity. Theoretical values of F have been determined
for many lattice geometries and jump processes and compared with
measured values of f as a means of determining the atomic jump process.
This paper considers the problems of applying this technique to solid
electrolytes where the concentration of defects responsible for diffusion
is comparable to the concentration of the mobile ioms. The present level
of theoretical understanding will be outlined and the difficulties of
applying the more co@mon experimental techniques for the study of ¥

to solid electrolytes will be discussed.

*Work supported by the U.S. Department of Energy



FAST ION CONDUCTING GALLATES AND ALUMINATES-~-
SIMILARITIES AND DIFFERENCES

-~ L, M, Foster, Thomas J, Watson Research Center, IBM, Yorktown Heights, N. Y.

The gallium analogs of B and B"~alumina exist and are themselves excel-
lent fast fon conductors. Study of both of these systems tégether provides a
ﬁeans of investigating the effeet of certain property changes on the perform-
ance of the materials, The principal difference between the gallates and al-
uminates are the higher sodium contents of the former, and the different way
in which the charge of the excess sodium is compensated. Moreover, B'-Na- |
gallate can be grown as a pure monocrystal, whereas B"-A1203 must be stabili-
zed with Mg or Li. A typical composition for B-Na-gallate is N820-6.9Ga203.
and for B" Na,0+5,9Ga504. About 102 of the sodium in B-gallate and 147 in

f" 18 non=mobile and is thought to substitute for Ga in the spinel block.
Evidence is presented that this substitution provides the charge compensation

for the excess interstitial sodium in the conduction plane,
DC conductivities at 300°C of 1,02 (ohm~cm)~! for B"-Na-gallate, and
.37 aﬁd .215 (ohm-o::m)'1 for P-Na~gallate and B-A1203. respectively, have
been measured. However, the conductivity is found to be very composition de-
pendent with up to 8-fold variation observed with ébouf 5% change in sodium
"content, This dependence is not predicted by present diffusion theories.
The identity and concentration of the actual charge carriers will be discus-

. sed, )
. Both gallates and aluminates exhibit the "mixed alkali effect", a

strong maximum in activation energy for conduction when two different alkali

ions are present. The effect is most pronounced in B-gallate.



. 3

\ | S | 13

STUDIES OF IONIC MOTION IN MIXED Na-Li B-ALUMINA

R. E. Walstedt, R. S. Berg and J. P. Remeika, Bell Laborato:ies; Murray
Hill, N. J. 07974 )
R. Dupree, University of Warwick, Coventry, England CV4 7AL

The motion of diffusing ions in B~alumina crystals containing mixtures® -
of'Na+ and Li+ has been investigated by means of 7Li and 23Na NMR studies as
well as by acoustic loss measurements. Samples were preﬁared by.exchanging

" flux-grown Na B-alumina crystals in melts of LiN03, with the main investif
.. gations focussed on a composition of 70% Li, 30% Na and on fully exchanged
Li B-alumina. Studies of the nuclear spin-lattice relaxation rate Il show
(a) the presence of Na+ ions in the conduction plane has a strong effect on
the diffusion properties of the Li+ ions, (b) the Na+ ions are less strongly
affected by the Li+, thus are not "stationary" as found in ceramic material
of similar composition by Farrington and Roth*, and‘(c) further strong

changes in the 7Li T, and quadrupole splitting are effected by heat treatment

to 700°C for 1/2 houi. These observations are supported by acoustic loss
spectra. - ‘

Acoustic loss measurements on Na B-alumina also lead to a rather direct
deduction of activation energy and prefactor for Na+ ion motion, giving
results for the attempt frequency in agreement with infrared spectroscopic
values.. Thus the prefactor anomaly noted earlierT will need to be resolved

by a modified interpretation of the NMR results.+

« . .
W. Roth and G. C. Farrington, Science 196, 1332 (1977).

tR. E. Walstedt, R. Dupree, J. P, Remeika and A. Rodriguez, Phys. Rev. B 15,
3442 (1977).
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IONIC TRANSPORT IN SOME FLUORITE!STRUCTURED SOLID SOLUTIONS
J. Schoonman, Solid State Department, Physics Laboratory, State University,
P.0. Box 80.000, 3508 TA Utrecht, The Netherlands - '

The alkaline earth fluorides and cubic lead fluoride (MF ) form extended
fluorite-structured solid solutions with.trivalent (MeF ) and tetravalent
(MEF ) metal fluorides. The 1sothermal ionic conductlvity of the anion-excess
solid solutions Ml Me F2+x and Ml Me F2+2 1ncreas§s more rapidly than
linearly with solute content over wide ranges of x.”’ . A review is presented
of recent results of this unusual compositional dependence of ionicjcondpct-
ivity. The discﬁssion will be focussed on the mechanism of conduction by
fluoride ions. The solutes form defect clusters, and it will be shown that the
supérlinear increase of the ionic conductivity can be accounted for by a small
frocﬁion of highly mobile fluoride interstitials. The Enhanced Ionic Motion-
model is based on interactions between the interstitials and the defect

L 2
clusters.

"At high temperatures these fluorites go through a diffuse transition,
which is characterized by the occurrence of a negative deviation from the
Arrhenius relation. It will be shown that the concept of a molten anion sub-
lattice beypnd this transition is not appropriate. Large defect mobilities,
rather than a large extent of disorder, produce ionic conductivities of the
ordef of molten salts. At the transition temperatures the anion vacancy
mobilliLy 1s the oame in these fluorites.

l}J. M. Réau, J. Portier; Fluorine Ion Conductors. In "Solid Electrolytes .

" Eds. P. Hagenmuller, W. van Gool, Academic Press 1978, 313-333,

2 K.E.D. Wapenaar, J., Schoonman; J. Electrochem. Soc. 126 667 (1979).



NEW SOLID ELECTROLYTES WITH HIGH IONIC CONDUCTIVITY*

Paul Hagenmuller

Alain Levasseur,

Claude Lﬁcat,

Jean-Maurice Réau

and Gérard Villeneuve . :
Laboratoire de Chimie du Solide du CNRS, 351, cours de la

Libération, 33405 Talence Cedex, France

Two types of materials have been investigated
1) Ternary fluorides with cations of high polarizability and
structure derived from the CaFZ—type.

The best material so far studied is PbSnF4 , which has a

1o=lcm™! at 150°C and an activation

conductivity close to 10
energy of 0.14eV above 80°C. The presence of cation lone pairs
seems to incréése strongly the mobility of the F ions.

2) Lithium glasses with composition 8203 - xLiZO - yLiX, where

39—'1cm“l at 150°C are

X is a halogen. Conductivities up to 10
obtained. They are‘diSCuSSea as a function 6f short range ordering

" The main techniques used are X-ray and neutron diffraction,
complex impedance measurements, NMR studies on IQF{ 7Li'and 1'lB,

IR and Raman spectroscopies.

*Supported by DRET..
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_ NEUTRON SPECTROSCOPY OF FAST HYDROGEN DIFFUSION IN BCC TRANSITION

- METALS* )

D.,Richtert Brookhaven National Laboratory, Upton, NY 11973

Quasielastic neutron scattering reveals microscopic details of both the "
time “and space development of the H-diffusion process on an atomic scale.

: Affer outlining the method on the example of Pde,new results on the jump
geometry in bcc metals are surveyed. In particular, the anomalous diffusion
behavior of H in Nb, Ta, and V at elevated temperafure is emphasized, where
correlated jump processes are impo:tént. The influence of impurities on.the
H-diffusion process is demonstréted by experiments perférmed on'Nbe doped
with nitrogen impurities, which act as Ltapping centers.for the diffusing
hydrogen. The results are discussed in terms of a two-state random walk
model which includes multiple trapping and detrapping processes. The .con-
centration and temperatufe dependence of the capture and escape rates of

traps are obtained.

* Research supported by the Division of Basic Energy Sciences, Department
of Energy, under Contract No. EY-76-C-02-0016.
t+ On leave from IFF-KFA-JUlich, JUlich, West Germany.




THE LOW-ENERGY EXCITATION
*
SPECTRA OF Li, Na, K and Ag B-ALUMINA

A. C. Anderson, Dept. of Physics and Materials Research Laboratory,

University of Illinois at Urbana-Champaign, Urbana, IL 61801

Low-temperature measurements have disclosed that M-f alumina con-
tains a broad spectrum of localized excitations ranging in energy from

1 to 30 cm_1 and having a density of, roughly, 0.1/

at least 0.03 cm™
unit cell. It has been determined that the M ions are involved, and
hence the excitations are constrained to the>conducting.p1anes. Atomic
motion assoqiated with an excitation occufs onlylin a direcfion perpen-
dicular to the crystalline c-axis with the exception of Li 8-alumina,
in which motion also occurs parallel to the c-axis. ‘The excitations
appear to be similar to those found in amorphous materials, and thus
may originate in the disorder characteristic of the conducting planes

in B-alumina. The excitations probably arise from configurational

changes accomodated by quantum-mechanical tunneling of M ions.

. , _ . .
Supported by U. S. Department of Energy under contract EY-76-C-02-1198.
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THEORY OF MICROWAVE CONDUCTIVITY IN SUPERIONIC CONDUCTORS

L. Pietronero, S. Strdssler and H.R. Zeller

VBrown Bovéri Research Center, CH-5405 Baden, Switzerland

We study. the frequency dependent conductivity o(w) for w
comparable to the jump rate_Po. The most general model based on
pure hopping diffusion predicts a o(w) that monotonically in-
creases from o(o) to an asymptotic value g (). This behavior

is consistent with experiments for B—Alzo but qualitatively

at odds for Ag+ and Cu+}conductors. We coisider therefore. the
effgcﬁs of the dynamical processes that are beyona the simple
'hoppihé model. They are:
(a) Non thermalization of the reaction coordinate after
a jump has occurred.
(b) Coupling of the jump rate T' to an external variable
such as a long lived, low frequency lattice mode.
The first of these mechanisms can give rise in principle
to quasi free propagation of the reaction coordinate
(soliton motion). But for most cases the large damping should
prevent this situation to occurr. ' '
The second mechanism canproduce structure in
o(w) of the form observed in Ag+ and Cu® conductors and ie
supported by the experimental observations of low trequency

long lived local modes.




MOLECULAR DYNAMICS STUDIES OF SUPERIONIC CONDUCTORS™
A. Rahman, Argonne National Laboratory, Argonne, Illinois 60439

Over the last fiftegn years computer modeling of liquids and solids
has become a useful methbd‘of.undefstanding the structural and dynamical
correlations in these systems. This presentation will focus on some of the
chatctéristics of the method itself with examples taken in part from the
study of liquid Lennard-Jones and alkaii metals; recent work on homogenéous
nucleation in monatomic liquids will be presented. This work shows that in
monatomic liquids the interaction potential plays a key-role in determining
certain structural properties of the system; for example a Lennard-Jones
system nucleates a close packed structure while an alkali metal potential
nucleates a bcc packing.

In the study of.ionic systems like CaF, the Coulomb interaction together
with the short range repulsion is enough to produce a satisfactory model for
the motion of F~ ions in CaF, at ~'1600 K, i.e., near its melting point.

A detailed analysis of this motion shows that F~ ions reside at their

fluorite sites for about 6 x 1012 s and that the diffusion is mainly

a consequence of F~ jumps in the 100 direction in the lattice. The motion

~can be analysed in terms of the generation and annihilation of anti-Frenkel

pairs.

*WOrk performed under the auspices of the U.S. Department of Enérgy.
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NMR STUDIES OF SOLID ELECTROLYTES AND SOLID SOLUTiON ELECTRODES
. .+
C. Berthier, Laboratoire de Spectrométrie Physique

U.S.M.G., B.P. 53X, Grenoble-cédex, France

The contribution of NMR to a'bettér pnderstanding of super-
ionic conductors is reviewed. Applications of the technique such as
determination of activation energies of mobile ions{'jump frequencies,
self diffusion coefficients or sité symmetry from quadrupolar coupling
will be considered.

Particular attentibn will be paid to the specific problems widely
encountered in the interpretation of NMR data in superionic conductors:
influence of local motions on nuclear relakatioh times, existence of
several types of nucleli haviny strongly different mobilities while

"belonging to the same chemical spec;és, apparent activation energy of the
same order of magni;ude as the measurement tempéeratures, anomalous pre-
factors of the jump'frequenciés and effect of the.dimensionality on the
pair correlation function. "

Most of the illustrations will be taken from data on lamellar mixed
conductors in which NMR allows a microscopic study of ion dynamics and of

" the modifications to the electronic properties of the host matrix.

+ -
Laboratoire associé au C.N.R.S.
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HYDRODYNAMICS OF SUPERIONIC CONDUCTORS
v Roland Zeyher
Max-Planck-Institut fiir Festkdrperforschung, 7 Stuttgart-80,FRG

We present a rigorous hydrodynamic thedry for the collective ex-—
citations in superionic conductors at low frequencies and long wave-
lengths. The quantities appearing in the theory are static susceptibi-
lities such as isothermal and adiabatic elastic constants, specific
heat etc. and transport coefficients such as viscosity, electric and
heét conductivities and the thermopower. Explicit expressions for the
dispersion and the damping of the modes and for the density correla-
tion afe worked out for high-symmetry directions and numerically eva-
luated for o-AgI. In particular we show that there are two non-propaga-—
ting modes. One is due to energy fluctuations and gives rise to a small
" central component (width ~k2, constant intensity) in scattering spectra.
The other one is due to the collective diffusion of pérticles and cau-
ses a broad central component (width constant for E#o} intensity ~§2) |
in scattering spectra. Extrapolating the theory to larger wafe vectors
- we offer a new quantitative explanation for recent neutron scattering
spectra in a-AgIl. We compare the present approach also with older and
less complete hydrodynamic theories. and comment on the range of validi-

ty of the hydrodynamic description.




v,
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VIn+ AND Tl+ TRANSPORT IN HALIDE LATTICES

D. F. Shriver, D. H. Whitmore, M. Ratner, R. Ammlung and J. McOmber

Materials Research Center, Northwestern University, Evanston, IL, USA

Raman line broadening, which is sensitive to the onset of ion disorder,'
was employed to screen potential heavy metal halide conductors. Ionic
conductivity was found to predominate in the high temperature ﬁhases of

1 1 4 1
InZZnIA, T122n14, TIZZnBra, InZCdI6’ AgZZnI4 and AgZCdBrA. Comparison of
order-disorder transition temperatures, conductivities, and activation

10 2

: + +
energies for ion transport demonstrate that the d”s” ions, In and Tl , are

10

less mobile than the d ions Cu+ and Ag+, in similar compounds. The origin

‘of the high mobility for'd10 ions is attributed to their ready quadrupolar
polarizability which is compatible with simple crystal structures and ready

passage through 3-fold halide bottlenecks.2 By contrast dlos2 ions are more
susrept.ible to dipolar polarization which leads to complex structures and
higher activation energies for passage through 3=-fold or 4-fold halide arrays.
These ideas are compatible with structural data and with Hartree-Fock LCAOMO

calculations.,

1. R. L. Ammlung, D. F. Shriver, M. Kamimoto and D. H. Whitmore, J. Solid
. State Chem., 21, 185 (1977). '
2. W. G.-Kleppmahn and H. Bilz, Commun. Phys., 1, 105 (1976).



RECENT DEVELOPMENT IN SOLID SILVER AND COPPER
ION CONDUCTOR MATERIALS

T. Takahashi, Nagoya University, Nagoya 464, Japah

Solid silver and copper ion conductors are of importance as
jon conducting materials capable of using practicaliy at roon
temperature. ‘ A

Solid silver ion conductors have mainly,been developed by .
introducing a certain inorganic or organic ion into the lattice
of silver iodide. .Recent efforts on high conductivity silver
ion conductors seem to have been‘concentrated on the physical
investigation to clarify their conduction mechanisms and on the
search for developing their practical applications. In order
to explain high silver ion conductivities of these conductors,
various ion hopping models have been proﬁosed;'and tﬁese solid
‘silver ion conductors have beén applied to the electrolyte for
solid state batteries, electrochemical functional elements and
electrochromic displays. ) ‘

Solid copper ion conductors have also been synthesizgd by
"incorporating some inorganic or organic ions into the 1lattice
of copper (1) haiides. "Recent investigations oh‘high conductivi-
ty solid copper ion éonductofs have yet been at an early stage'
in the'development.' Quite recently, copper (I) rubidium chloro-
iodide has béen~found'to have a copper ion conductivity of 0.34
9 lem-1 at,25°C'WHich ié the highest ionic conductivity ever
found in the s3o0lid state at room temperatufe and its practical

application is expected to be promising.
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NATURE OF IONIC MOTION IN AgI and Cul®

P. Vashishta and A. Rahman, Argonne National Laboratory,
Argonne, Illinois 60439

' Using a potential scheme based on simple motions of ionic size (and
with crystél struéture,lcdhesiVe energy and bulk modulous as input for
determihing the potential function), the nature of ionic motions has been
studied with the molecular dynamics technique. The results for the temper-
ature dependence of the diffusions constant of Agt and of the mean square
displacement of I~ agrees well with the experiment. The Ag+ motion occurs
between the tetrahedral sites of the I~ (bcc) lattice along rather nafrqw
cﬁannels:h .

Dynamics of ;hé ionic motioﬁs has also been studied in Y and o phases.
of Cul by molecular dynamics techniqﬁe using the same potentiallfunction
.scheme as was used for AgI. It is found that at 700 K the cu’ ions undergo
an order-disorder transformation leading to a specific heat anomaly. The
riature of the first order transition, the pair correlation functions below.
and gbove the transitions and cut density map in the unit cell will be

presented.

'+ P. Vashishta and A. Rahman, Phys. Rev. Lett. 40, 1337 (1978)

*Wbrk suppbrted by the U.S. Department of Enérgy;



RAMAN, INFRARED, NEUTRON DIFFRACTION AND IONIC CONDUCTIVITY STUDIES
. OF BETA"-ALUMINAS* -

J. B. Bates, T. Kaneda,* W. E. Brundage, J. C. Wang, G. M. Brown,**
and H. Engstrom : :
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, TN

LargéAsing1e crystals of sodidm beta"-alumina were grown by slow
evaporation of Nas0 at 1700°C from a mixture of NapCO3, MgO, and A1,04
contained in a covered platinum crucible. A chemical analysis for
Na, Mg, and Al gave the composition 0.8 Nap0 - 0.6 Mg0 - 5 Alp03. From
the neutron structure determination of a Ags" single crystal, the com-
position was found to be 0.78 Agp0 + 0.66 Mg0 + 5 Alp03. Polarized Raman

and infrared measurements were made on the Nag" single crystals and on

" single crystals of Li, K, Rb, and Ags" prepared by ion exchange of Nag".

The low frequency Raman épectra of Na, K, Rb, and Ags" contained four or

‘more bands due to vibrations df'the mobile cations. These results were

analyzed by assuming the spectra to be due to the normal modes of a defect
cluster consisting of a cation vacancy surrounded by three cations. From
model calculations, the Raman band of Nag" at 33 em-1 is assigned to the

attempt mode for diffusion of Na* jons. lonic conductivity measurements

of Nag" were made using a pulsed technique. The graph of log oT vs 1/T

was linear and gave an activation energy for Nat ion conduction of 0.18.eV.

*Research sponsored by the Division of Materials Sciences, U. S.-
Department of Energy under contract W-7405-eng-26 with Union Carbide
Corporation, :

+Guest scientist on leave from Fuji Photo Film Co., Tokyo, Japan.

++Chemistry Division, ORNL.
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EXAFS INVESTIGATION OF SUPERIONIC
CONDUCTION

J. B. Boyce and T. M. Hayes, Xerox- Palo Alto Research Center, Palo Alto,
California 94304

" In the absence of any detailed knowledge of the paths taken by the conducting
ions, models for superionic conduction have been based on either hypothetical conduction

" paths or general considerations like residence and hopping times. In the superionic phase,

elementary considerations of mass and temperature suggest that.the mobile ions spend a
significant fraction of time in flight from one location to another. Therefore, structural
studies can yield substantial information not only on the sites that are occupied, but also
on the flight path from one sitc to another. The extended X-ray absorption fine structure
(EXAFS) is particularly well suited to determining the conduction path since it reveals the
location of the mobile ions relative to the immobile jon lattice. Since EXAFS arises from
the scattering by the near neighbors of the excited atom species only, a given
measurement involves only a subset of the three or more pair correlation functions probed
in a single diffraction measurcment.

An excluded volume model is applied to interpret the EXAFS structural data on
Agl and the cuprous halides. This model approximates the cation-anion pair potential by
a softened hard-sphere repulsion.  Such a potential yields cation-anion pair corrélation
functions which are in excellent quantitative agreement with the pair correlations derived
from the EXAFS measurements. In addition, this model yields information on the ionic
conduction path. In BCC «-Agl the Ag ions move among the equivalent tetrahedral site:
passing through the shared tetrahedral faces. In FCC «-Cul the Cu ions move through
alternating tetrahedral and octahedral sites passing through the shared faces. At low
temperature, the opening in the tetrahedral faces in these materials is small, confining the
ions to these sites and yielding low ionic conductivity. In the superionic phase, these
openings are large enough to allow the mobile ions to pass readily through the faces and
yield the large ionic conductivity.




THE ROLE OF (L'ORRELATED.MOTION
IN SUPERIONIC CONDUCTORS

T. Geisel, Xerox Palo Alto Rescarch Center, Palo Alto, California 94304
and Fachbercich Physik, Universitit Regensburg, 8400 Regensburg, Germany.

A central question in the physics of superionic conductors is which factors lead to
an optimized ionic conductivity. Among these, the role of correlations has been
investipated mainly in discrete (hopping and lattice gas) models. Qualitatively new results
are expected and found when the continuous motion between the sites is taken into
account. This is because the success of a motion over a potential barrier is controlled by
the interactions at the barrier rather than by the interactions at the sites.

The role of correlated motion was investigated in general in a continous model
which treats the ions as Brownian particles! with interactions of the Frenkel-Kontorova |
‘type.  The conductivity is enhanced or inhibited by the correlations depending on the
concentration of mobile ions. Enhancement is found when the correlations compete with |
the restoring forces of the cage potential. The dependence of the conductivity on the
interaction strength and corrclation length is reported. '

The relevance of the theory for concrete superionic conductors is discussed. 'The
possibility of soliton-like motion can be ruled out for the conductors known so far from a
consideration of microscopic parameters. The most direct application of the model is for
one-dimensional conductors where it predicts a maximum of the conductivity for a
concentration of ~0.7 ions per potential well. The model parameters can be determined
from diffuse X-ray scattering.  The role of correlated motion, enhancement of th.
conductivity and correlation lengths are thus analyzed quantitatively for K-Hollandite.

IT. Geisel, in Physics of Superionic Conduclors, ed. M. B Salamon (Springer, Berlin,
Heidelberg, New York), Chapt. 8, to be published. '




LOW FREQUENCY LIGHT SCATTERING FROM THE CUPROUS HALIDES |

R. J. Nemanich, Richard M. Martin and J. C. Mikkelsen, Ir.
Xerox Palo Alto Research Center, Palo Alto, California 94304

The light scattering spectra of liquids cxhibit scattering intensity centered at zero frequency shift
which is duc to the diffusive motions of the molccules. Similarly, the light scattering spectra of solids
which have high ionic mobilitics may be cxpected o yleld low frequency quasi-clastic scattering due to
the ionic motions, The low frequency (~2 to ~50 cm™!) light scattering spectra of the cuprous halides
Cul, Culdr and CuCl in the highly conducting solid and melt phases have been measured. Tn cach case
the spectra can be described by two depolarized T.orentzian components centered at zero frequency.
The width of the narrow component varies from ~2 to 8 eml while that of the -broader, feature is
between 25 and 50 cm’l. The: narrow component is interpreted in terms of the fluctuations of th¢ local
atomic configurations of thc mobile ions. Analogies are made between the spectra reported here and
those due to density fluctuations, collision induced scattering and rotational fluctuations of anisotropic

. molecules in continuous or liquid systems. It is found that thc low frequency scattering can be

described by corrclated configurations that include more than one mobile ion. Specifically it is shown
that the interactions of the mobile ions can lcad to distortions that can account for the depolarized
character of the low frequency scattering. Specific configurations of the mobile ions are diScussed, and
the width of the narrow spectral component can be rclated to the diffusion constant and the ionic
conductivity. ' '
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HIGH PRESSURE STUDIES OF FAST ION CONDUCTORS
~ OF THE MERCURY AND SILVER IODIDE TYPE*
John R. Ferraro and Priscilla LaBonville Walling, Argonne National
| Laboratory, Chemistry Division, Argonne, Il1linois
D. F. Shriver and Janice I. McOmber, Northwestern University,

Department of Chemistry and Materials Center, Evanston, I1linois
| D. R. Greig, Lake Forest College, Chemistry Department, |
Lake Forest, I1linois |

High pressure effects on the Raman spectra of AnggI4 and CqugI4 will
be reported and compared with high temperature studies. Temperature and
pressure effects will be related to the observed phase changes, and to the
changes in electrical conductivity. The response of the lTow-frequency
vibrations to high pressure indicate the importance of pressure measurements
‘as a probe in determining anharmonicity in fast ion conductors. ‘

Pre]iminary investigations on new fast jon conductors of the pyridinium
pentasilver-hexaiodide type will be presented. Effects of pyridine ring '
substituents on the conductivity will be cited. Possible synthetic direc-
tions to obtain new improved fast ion conductors of this type will be
discussed.

*Work performed under the auspices of the Office of Basic Energy Sciences.
of the U. S. Department of Energy.
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DYNAMICAL AND CRITICAL POINT PROPERTIES OF RbAg4IS*
M. B. Salamon, University of Illinois, Urbana, IL 61801

The results of a comprehensive study of the critical point properties of
RbAg4I5 near the 208K phase transition will be presented. .Specific heat data,

ionic conductivity, and birefringence measurements have been combined to

Aproduce a complete set of exponents: a = 0.14+0.02, B = 0.35+0.02, and

y = 1.25%0.1. These satisfy the scaling law o + 28 + vy = 2, within experi-
mental error. The last of these exponents was obtained by a new method invol-
ving the critical depolarization of light by fluctuations in the isotrdpy of
the index of refraction. The Ising-like nature of these exponents, and the
linear coupling between strain and the order pérameter, has led us to propose
a Jaln-Teller-like model for the transition, invelving the coupling of site
occupancies through lattice distortions. The ionic conductivity in the criti-
cal region has been demonstrated to be closely telated touv the specific heat

in RbAg415 and its K and NH4 isotypes. This demonstrates the importance of
short-range correlations in determining the ionic conductivity. A detailed
neutron scattering study has revealed the presence of a pervasive, low energy
excitation mode in both superionic phases. The mode is propagating at 125K
with an energy of 2 meV, and very little dispersion. It appears at all pos-
itions in the zone with nearly equal intensity. At higher'temperatures, the
mode broadens gradually. Acoustic phonons can be observed at low k-values;
however, these disappear as their energies approach the 2 meV band. Above

2 meV, no phonon modes were ubserved despitc the fact that aver 100 optical
modes should be present. These results are taken as turther evidence of

strong coupling between lattice modes and mobhile ions. -

*Work supported in part by NSF DMR 77-2399 (Illinois) and DOE Contract No.
EY-76-C-02-0016 (Brookhaven National Laboratory).
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DIFFUSION AND CONDUCTIVITY IN SUPERIONIC CONDUCTORS

C. P. Flynn, Department of Physics and Materials Research Laboratory,

University of Illinois at Urbana-Champaign, USA

This paper concerns the effects of disorder on mobility aﬁd structure in
solid electrolytes and other dense inhomogeneous systems. An importént quan-
tity is the range, 2V, through which interactions among the mobile particles
spread the one particle energies about their average value. Depending on the

. gize of V/KBT, the assembly exhibits the structural properties of glass-like

behavior, order-disorder transformations as in hydrides and RbAgAIS,'liquid—

like blocked mobility (AgI), thermally activated defect structure, etc.

In a general treatment of the diffusion dynamics, using classical
statistical mechanics, it is found that a second parameter of this type also
plays a cenfral role in the mobility process. It measures fhe sprcad of
saddlepoint potentials caused by interactions among the mobile parﬁicles.

For thié reason, blocking models of the diffusion, which negleét the effect
of diéorder on the dynamics, omit one of the main mechanisms by which disorder
modifies the mobility. An’accuraté conhectién betwéen thermél and diffusion

proprerties in RbAg415 is obtained from the present theory.

Supported by the National Science Foundation under the University of'Illinois

MRL Grant DMR-77-23999.
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EFFECT OF ADDITIVES AND MOISTURE ON THE IONIC CONDUCTIVITY OF L15M04
(M = A1, Ga, Fe)** :

R. T. Johnson Jr. and R. M. Biefeld, Sandia Laboratories, Albuquerque,
New Mexico, 87185, U.S.A.* | |

The ionic conductivity of polycrystalline L1'5M04 (M = A1, Ga, Fe)
materials can be significantly affected by the environment as well as by addi-
tives. Effects associated with L12804 additions, moisture and the carrier gas
(air, 02, and Ar) have been examined. The intrinsic materia]s in the dry state
have similar conductivity characteristics. The conductivity is thermally

activéted (activation energies of 0.5 to 1.0 eV) with values ranging from 10'4

to 10'3 (Q-Cm)-I at 500°C. The lack of 0, in the environment appears to increase
the activation energy, suggesting that the 02 partial pressure may affect the
defect and/or impurity characteristics. LiOH is formed within the material
(surface and grain boundary regions) upon exposure to moisture, and produces

" a dramatic increase in the conductivity by several orders of magnitude above
n400°C. The conductivity at 500°C depends upon the water vapor pressure and

can be reproducibly altered by cycling between wet (containing LiOH) and dry

(no LiOH) states. The addition of L1,50, to L15A104 increases the total con-
ductivity in the dry state (by a factor of 10-100), while decreasing the elec-
“tronic contribution to the conductivity. Upon exposure to moisture the trans-
action to the high conductivity state is shifted to a lower temperature (v350°C)
due to formation of a L1ZSO -Li0OH eutectic. The L1'5A104 + LiZSO4 materials in

the dry state are stable in 11qu1d 11th1um This combined with their ionic

-1

conductivity at high temperature (107 (Q cm) at 600°C} may make them usefu]

as solid electrolytes for high temperature batteries.

**This work supported hy the ). S. Department of Energy under contract no,
- DE-AC04-76-DP00789. ' .
*A U. S. DOE Facility.
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VITREQUS SOLID ELECTROLYTES

M. Lazzari, Centro Studio Processi Elettrodici del C.N.R.,
Polytechnlc of Milan, Milan, Ttaly.
B. Scrosatl, Istituto di Chimica Fisica, University of Rome,
Rome, Italy, \
C.A. Vincent, Department of Cheﬁistry, University of St. Andrews,
| St. Andrews,'Scotland.
A new class of glasses, which have high ionic conductance (v 1§ m—1
at 25 oC), have been prepared by quenching melts composed of mixtures of

silver iodide and a silver oxosalt. Such materials may occupy an

interesting position between crystalline solid electrolytes and molten

.salts. In addition, useful comparisons can be made between their

electrical properties and those of more conventional glasses.

In spite of the thermodynamic instability of vitreous phases, many

of these glasses are stable in practice, over extended periods in ambient '

conditions. This property, together with the advantages of their glassy
nature (e.g. their ability to be formed into films by splat teéhniques)
makes them suitable for consideration for practical applications.

In this paper attention is focussed principally on glasses
originally obtained and characterised in our laboratorles These
include materials prepared from mixtures of AgIl and Ag3Aso4, AgZCrZO7
or Ag2M°207 After a brief review of their physico-chemical properties,
features of the conduction mechanism are discussed and some comparisons

are made with the electrical behaviour of other glasses. Finally

electrochemical studies of a number of cells are described.

*
Supported by the scientific cooperation programme of the Science

Research Council (U.K.) and the National Council of Research (Italy).
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ELECTROCHEMICAL PROPERTIES OF SOME SOLID LITHIUM ELECTROLYTES

U. v.Alpen and M.F. Bell, Max-Planck-Institut fir Festkorperforschung,
D-7000 Stuttgart 80

In this paper some of our studies on solid lithium electrolytes are re-
viewed. The embhasis has been toward studying solid lithium systems which could
be used in power sources. The Tithium ion conductors of interest are presented
cover1ng three main topics:

i) the crystallographic structure including the possible defect mechan1sm
responsible for the ionic conduct1on
11) the temperature dependence of the ionic conduct1v1ty for the determ1nat1on
of the ion conduction and ‘
iii) the chemiéa] and electrochemical stability of the system at high Tithium
activities to check the potential app]icaiion with 1ithium electrodes.

The solid lithium jon conductors of current interest are discussed with re--
ference to their crystal structure. Thus the Lil system representative of the
rock salt structure wi]ilbe compared with L19N2C13, with the antif]uorite
structure, Li14Zn(Ge04)4, rgpresenting the "Lisicon" structures and Na-Li-B-

alumina and L13N, materials having layered structures. Finally the potential

‘application of these electrolytes in power sources will be discussed.
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STRUCTURE AND ION TRANSPORT IN B'" ALUMINA |
W.L. Roth*, M. Anne and D. Tran Qui, Laboratoire de Cristallographie, °
C.N.R.S., 166 X, 38042 Grenoble Cedex (France) - :
A. Heidemann, Institut Laue-Langevin, 156 X, 38042 Grenoble Cedex (F)
Research has been undertaken at the Laboratoire de Cristallographie
(C.N.R.S.) and at thc Institut-Laue-Langevin to determine the structural
basis for superionic conductivity in the rhombohedral B''-alumina structure.
- Quasi-elastic neutron scattering and DZO-HZO exchange have been used to
study proton diffusion and bonding in H30+—B” alumina. The local arrangements
of the conduction ions in Né+-8" alumina and H30+-B" alumina are being inves-
tigated by X-ray and neutron diffraction and diffuse X-ray scattering at low

temperature.

*On leave from General Electric Corporate Research and Development,

Schenectady, N.Y., U.S.A.
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" CHEMISTRY AND CONDUCTIVITY OF
PROTONIC BETA ALUMINAS

Gregory C. Farrington & Jaéﬁdéline L. Briant
General Electric Corporate Research & Development
PO Box 8, Schenectady, NY 12301

We have measured the thermal stability (25-900°C) and ionic conductivity
(25-250°C) of single crystals of NH4+ beta alumina (.I5(NH,),0" 1ALO ) and
NH +/H(H 0N * beta" alumina (((0.83-y)NH 4 +YH(H,0),),0°0. 33Mg0‘ 5Al 03) The
samples were prepared by ion exchange of the sodium isomorphs in ammonium
nitrate at 200°C. Sodium beta alumina was obtained from the Union Carbide
. Corporation and sodium beta" alumina crystals (typically 6mm x 4mm x Z\hm) were
grown at 1700°C from a melt containing NaZO, MgO, énd 1‘\1203 _
Ion exchange of sodium beta alumina crystals (I0mm x 3mm x 0.5mm) results:
in 'complete réplacemént of the sodium ions by'ammbnium ions in about 14 days.
Similar sodium beta" alumina crystals exchange in 8-10 days but form a composition
in which only 50-80% of the substituting ions are NH 4 . The balance is presumably
H(H,0), *.
| NHQ beta alumina loses NH3 between 350—425°C to form H* beta alumina.
i ' It completely decomposes above 750°C. NH[‘J'/H(HZO)X+ beta" alumina loses NH,; .
| and H20 from 225-350°C. It undergoes partial, irreversible decomposition at 450-
‘ 3 500°C followed by complete decomposition above 750°C.
| . Conductivity was measured using two probe, complex ac analysis. NH#+ beta
alumina yielded poorly resolved complex admittance plots. An estimate of its.
conductivity is 10 =3 (ohm cin)” Lat 250%. NH, *IHH 0) beta" alumina produced
good admlttance plots. Its conductivity varies w1th comp051tion but is about 1x10” -4
(ohm cm) at 25°C. The charge carrying spec1es in each compound is not known.

Wide line NMR measurements on smgle crystals have provided 1n51ght into

the nature of ionic motion and bonding in each composition.
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Thermodynamic and Transport Properties of Selected

Solid Solution Electrodes
* .
G.J. Dudley , K.Y. Cheung, S. Lloyd-Williams and B.C.H. Steele

Wolfson Unit for Solid State Ionics, Imperial College
London, U.K.

To facilitate the design and optimisation of batteries in-
corporating solid solution electrodes it is desirable to know how
the following properties of the mobile species (j) very with com-
position and temperature, Aaj, Aﬁj, Agj, CGe, ¢i, T)}, D*j, AEJ..
We have already reported (1,2) how these data may be conveniently
measured using an automated solid state eight point conductivity
and titration apparatus. More recent measurements on cuxMOGSS-g'
LixMOGSS—g’ and LixTiSZ, will be discussed with particular re-
levance to simple statistical models used to predict the varia-
tion of the partial thermodynamic quantities with composition.

" In the case of the Chevrel phase, CuxMOGS these models have

8-g
also been used to interpret the ionic conductivity behaviour in

terms of the distribution of copper ions over the available sites.

. The preceding data has also been used to predict overpoten-
tial behaviqur in solid state cells so that typical 1-V charac-

teristics can be calculated and compared to experimental values:

(1) G.J. Dudley and B.C.H. Steele, J. Solid State Chem, 21, 1,
1977 ' ‘

(2) G.J. Dudley and B.C.H. Steele, J. Electrochem. Soc. 125,
1994, 1978.

. .
. Berec Advanced Projects Group, Abingdon, Oxon.
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FABRICATION OF B'"-Al,05 TUBES FROM CAST
CERAMIC TAPE*

R. T. Dirstine and W. O. Gentry
Globe-Union Inc.
Milwaukee, Wisconsin, U.S.A.

Most conceptionsvof the sodium/sulfur batteries that may eventually
see commerciai use in electric vehicles or stationary energy storage applica-
tions show in each cell a tube—shapéd sodium ion-conducting ceramic electrolyte.
Presentiy‘such tubes are fabricated by one of sevefal batch ceramic processes
based on}electrophoresis aﬁd“iéostatic pressing. fhese methods of production
cause the electrolyte compbnent to be inherently . costly. .Theée processes are
additionally limited in their ability to produce thin-walled tubes, which
limitatisﬁ is reflected in higher internal resistance and feduced performance
of the battery.

A novel alternative approach is here proposed for fabricating thin
wall (~0.3 mm) B'"-Al_O., tubes from cast ceramic tape. The fabrication pro-

273

cess and characteristics of the fired tubes are described.

*Supported by The Department of Energy under Contract #EM-78-C-01-5161
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PROCESSING AND PROPERTIES OF SODIUM
ﬁ"-ALUMINA AND NASICON CERAMIC ELECTROLYTES

G. R. Miller, B. J. McEntire, T. D. Hadnagy and
R. S. Gordon, Ceramatec, Inc. Salt Lake City, USA

and . ,
A. V. Virkar, University of Utah, Salt Lake City, USA

The  sodium superioni; conductors sodium B"-alumina and NASICON (of formula
Na3 2'2P5i2°1z) have been processed as po]ycryéta11ine forms under varying
-processing conditions. Several properties have been measured and include
' massAdehsity, sodium ion electrical resistivity, thermal expansion coeffi-
cient, fracture strength, microstructural character, long and short term
stability to Tiquid sodium and water.

Advantéges and disadvantages of several procéSsing methods and an
initial comparison oflthe.chemibal and physical characteristics of the
sodium B"-alumina and NASICON are made. Special emphasis is directed toward

~chemical and electrolytic stability in some chemical_environments,

*Supported by the U.S. Department of Energy



DEGRADATION OF RAPID ION CONDUCTORS UNDER ELECTROLYTIC CONDITIONS

Anil V. Virkar and Gerald R. Miller

University of Utah, Salt Lake City, Utah 84112

Strength degradation of sodium 8“-alumina is examihed as a function of

grain size and temperature. Sodium - B" - sodium cells have been construc-
ted and operated at current densities up to 4.5 amps/cm2 without immediate
failure. Critical current densities over which degradation occurs are
examined in light of the theoretical model presented previously. The role

of impurities as well as wetting characteristics of gB"-alumina by sod1um are
discussed 1nvlight of the proposed model. imp]ications regarding cell design
are presénted. Finally, recommendations are made with regards to the use of

other rapid ion conducters in similar systems.

*Supported by the Department of Energy
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THE HEAT TREATMENT OF BETA-ALUMINA

S.R. Tan and G.J. May, Chloride Silent Power Limited,
Davy Road, Astmoor, Runcorn, Cheshire, U.K. WA7 1PZ

At a relatively early stage in the developing of‘sintering process

for B;A1203 tubes it was found that post-sintering heat treatment at a
.temperature lower than the sintering temperature gave an increase in ionic
conductivity. This was achieved without any reduction in strength and
resulted in improved performance in sodium-sulphur cells.

The present wdrkuis'concerned with a detailed study of the effects of
heat treatment on three B-Aly03 compositions. The improvement in iosnic
conductivity was correlated wifh an increase in volume fraction of the
more conductive B“ phase and changes in the microstructure. The lieat
treatment temperature/time is limited by the onset of discontinuous
grain growth which weakens the ceramic. There were significant differences
in the grain size distributions of heat treated samples depending upon
ceramic composition.. The ionic conductivity of maferial with a lower
soda and dopant level. is less affected by heat treatment and this
composition also proved to be less susceptible to secondary grain growth.
The secondary grains in this material were acicular, whereas in the’
materials with higher soda and dopant levels the grains tended to be
more equiaxed. The reasons for these diffgrences in behaViouf are .
discussed and the ways in which heat treatment can be used to improve

the properties of beta-alumina in sodium-sulphur patteries are considered.
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SHORT PERIOD B-ALUMINA TYPE COMPOUNDS*
H. Kuwamoto, Y. Hirotsu** and H. Sato '
School of Materials Engineering, Purdue University, W. Lafayette, |
Indiana 47907 ,

Microsyntactic Intergrowth observed in Mg-doped B-alumina 1ndfcates a
possible existence of a series of B-alumina type compounds of various periods!
[with inter-conduction layer distance of 6.5A°, 11A° (B-alumina) 15.5A°
(B'''-alumina), 20A°, etc.]. Crystal chemical concept of microsyntactic inter-
growth of B-alumina type compounds has since been confirmed,? although com-
pounds with inter-conduction 1ayer distance other than that of 11A° and
15.5A° do not seem to exist in equiTibrium in the composition range of the
specimens used. Since, in such compounds, the ionic conductivity should be
proporaticnal to the density of conduction layers, we tried to synthesize
short period compounds (6.5A° inter-conduction layer distance) in an effort
of searching for new materials with superior conductivity. Such compounds are
located at the composition around Nao_9 Ti].1 Fe 04, and one of these has been -
identified. "This has an orthorhombic symmetry and deviates somewhat from
B-alumina structure, but has fundamental characteristics of short period
g-alumina. This compound is found to be a "superionic" conductor and the
activation energy of ionic conduction is around 0.1 eV.

*Supported in part by NSF DMR 7502959 _
**Present address: Tokyo Institute of Technology, Oh-okayama, Tokyo, Japan
'H. Sato and Y. Hirotsu, Mat. Res. Bull, 11 1307 (1976) ' _
2H. Sato, Y. Hirotsu and.H; Kuwamoto, Proc. Modulated Structures Seminar, 1979
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SODIUM B"-ALUMINA AT HIGH CURRENT DENSITY
T. K. Hunt, N. Weber and T. Cole

Engineering and Research Staff,'Ford Motor'Company, P. 0. Box 2053;
Dearborn, Michigan 48121

Ceramic B"-alumina electrolytes operated in Na-S or Na-Na cells ,
exhibit an appérent critical current density in the range of 0.5 to 1 A/cm2
above which rapid degradation and failure of the electrolyte occurs.
Considerable work has been directed toward understanding this phenomenon
.which limits the useful rafes at which Na—S battery cells can be recharged.
In thé course of our experiments on Sodium Heat Engine systems, at T700-
1000°C, we routinely draw sodium ion currents of 1-2 A/cm2 to sample elec-
trodes on B"-alumina. We have conducted specific tests in which ionic
current densities up to 15 A/cm? were passed by B"-alumina of 1 mm wall
thickness with no apparent change in the current-voltage relation. -In
contrast to the usual situation in Na-Na cells or in the recharging of
Na-3 cells, the Sodium Heat Engine conditions never involve the presence
of a liquid sodium phase at the exit surface of the ceramic.

Our results demonstrate that for ionic current densities an order of
magnitude greéter than the "critical", no intrinsic instability of B"-
alumina occurs. Thése results are consistent with tﬁe degradation‘

mechanisms previously proposed by Richman and Ten'nenhOuse.l

1R, H. Richuan-and G. J. Tennenhouse, J. Am. Ceram. Soc. 58, 63 (1975).
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ELECTRICAL RESISTIVITY OF BETA-ALUMINA SOLID ELECTROLYTES
FROM 200 TO 1000 C '

Neill Weber, Terry Cole and T. K. Hunt
Engineering ané Research Staff
Ford Motor Company
P.0. Box 2053, Dearborn, MI 48121

The resistivities of dense polycrystalline samples of B-alumina,

B"-alumina and mixed B, 8"-alumina have been measured by DC techniques

. over the temperature range of 200 to 1000 C. Porous molybdenum contacts

in a sodium-vapor atmosphere served as reversible electrodes. The

' resistivity of commefcia]llithia stabilized B"-alumina was found to obey

the empirical relation p = T[ a exp(b/T) + c exp(d/T)], with a = 5.05

4 1 1

x 1074 ohm em K™, ¢ = 1.75 x 1077 ohm em K™, b = 1430 K and ¢ = 4965 K.

At high temperatures the apparent activation energy is 2.84 Kcal while at low

temperatures the apparent activation energy is 9.87 Kcal. .




B ALL SOﬁID STATE ELECTROCHROMIC CELL
BASED ON ANODIC IRIDIUM OXIDE FIIMS (AIROFs)

W. C. Dautremont-Smith, G. Beni, and J. L. Shdy, Bell Laboratories,
Holmdel, N. J., USA ‘

We report on the fabrication and electrochromic properties of a neﬁ
all solid-state electrochromic cell based on ATROFs. The cell consists
of a symmetric cell AIROF/solid electrolyte/ATROF. Preliminary devices
show good contrast with response times < 0.5 sec. for driving voltages
< 1V. Other cells using the ATROF/solid electrolyte half cell, but with

other mixed conductars as cannter electrode, -alse will be discussed.
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IONIC CONDUCTION IN ELECTROCHROMIC ANODIC IRIDIUM OXIDE FILMS

C. E. Rice, Bell Telephone Laboratories, Holmdel, N.J., U.S.A.;

Display devices based on solid electrochromic materials derive their
operation from a reversible color chunge caused by a change of valence in the
material due to electron transport,Aacchpanied by ionic transport within the
solid to maintain overall charge balance. For example, it is generally

accepted that electrocoloration.of WO, films occurs‘by simultaneous injection

3
of electrons from the back electrode and protons or other small cations from
the electrolyte solution.

A new elecfrochromic material, the anodic iridium oxide film or AIROF,V
has been found to color and bleach iﬁ aqueous solutions cohsiderably faster

| : than WO3 filins.l A proton-electron injéﬁtion'mechanism has also been proposed

t.o account for AIROF electrochromism.l However, tests‘of ATROF electrode

performahce in nonaqueous acid electrolytes show that no color change can be

induced in these media despite the presence of ample free protons, césting

doubt on a proton mechanism. Recent experimental«results bearing on the

1. S. Gottesfeld, J. D. E. McIntyre, G. Beni and J. L. Shay, Appl{.Phys.

Lett. 33, 208 (1978).

_ |

nature of ionic conduction and electrochromism in the AIROF will be discussed.
|

|

|
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RECENT STUDIES OF SULFATE-BASED SOLID ELECTROLYTES

R. Aronsson, B. Heed, B. -Jansson, A. Lundén, L. Nilsson, K. Schroeder
and C.-A. Sj6blom, Department of Physics, Chalmérs University of Techno-
logy, S-412 96 Gothenburg, Sweden. '

Between 575° and 860°C Lizsoh has a fcc phase, which according to our
neutron and X-ray diffraction studies is a rotator phase. From space con-
siderations it follows that the rotation of the sulfate ions is strongly
coupled, and that the size of the cation positions is hot constant. This
rotation of the sulfate ions explains why all mono- and divalent cations are
mobile in sulfate-based solid electrolytes. '

" The latent heat of the phase transition is 23 kJ/mol for pure fcc
Lizﬁnh,‘and it is of the same order-for binary and ternary mixtures with
other sulfates. Thus, sulfate mixtures might be used for storage of thermal
energy in the range 100 - 800°c. -

Plastic deformation of fecec LiQSOh has been studied above 781°C. Thixo-
tropic behaviour was observed with a relaxation time of 8.4 nh at 781°C.

The refractive index of Lizsoh has been determined veryAaccuretely
over a temperature range including the fcc phase as well as the melt.

A number of cells with sulfate-based electfblytes have been tested.



. LOW TEMPERATURE DEGRADATION IN THE SOLID STATE

BATTERY Ag/RbAg,Is/I;

B. B. Owens, D. F. Untereker and P. M. Skarstad, Energy Technology, a

Division of Medtronic, Inc., 3055 01d Highway 8, Minneapolis, MN 55418, USA

 Solid state cells of the type Ag/RbAg4 5/QI5 or Qlg, where Q+

represents the tetramethylammonlum ion, were stored for five years at 710C
239C and -15°C. The set stored at -15°C showed significant increases in
resistance when the RbAg4ISFelectrolyte was formulated with small amounts '
of both powdered silver and RbyAgIy (Set A); this suggests.that-some of
the RbAg,Isg disproportionated into the more resistive Agl and RbjyAgIj
phases. In contrast cellg which lacked RbjAgIj iﬁ the electrolyte (Set B)
did not increase in resistance. Apﬁarently the presence of both product
phases in Ehe electrolyté of Set A is important in nucleating the thermo-
dynamically favored low temperéturé decomposition of RbAgyls.

ﬁicrocélorimetric measurements at 37°C Qere mgde on ceils from Set A.
‘Thoée stored at temperatures 6f»71° or 23° exhibited exothermic outputs
of 0.2_to 0.5 ywatt, ﬁhereaé batteries stored at -15°C had endothermic

outputs of -6 pwatt, consistent with reversal of the decomposition feaction._
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DECOMPOSITION OF NITRIC OXIDE USING SOLID STATE‘ELECTROLYTE'

T. M. Gur, Middle East Technical University, Ankara, Turkey
R. A. Huggins, Stanford University, Stanford, CA 94305 USA

Decoimposition of NO has been studied on an électrochemigally reduced
surface of scandia-doped zirconia. Experiments conducted at 900°C with
mixtures of 2.9 m/o and 5.1 m/o NO in He showed that extremely high
decomposition rates can be obtained for NO upon zirconia under sufficiently
reducing conditions. ‘These rates are more than 6 orders of magnitude larger

than those found fbr zirconia under normal conditions, and 3 orders of magni-

tude greater than those for supported Pt catalysts. This unusually high re- .

action rate is evidently due to the presence of a very high concentration of
both electrons and oxygen vacanciles in the surface region of the electro-

chemically reduced zirconia. A simple electrochemicél cell which eliminates
the need for large electrode areas and leak-tight two-compartment geometries

which can be used for such purposes has been demonstrated.
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SOLID ELECTROLYTE/POROUS ELECTRODE KINETICS

T. M. Gur, Middle East Technical University, Ankara, Turkey
I. D. Raistrick and R. A. Huggins, Stanford University, Stanford, CA
94305 USA '

As an example of a solid electrolyte/porous electrode system, carefully
prepared porous Pt/8 m/o Sc203.ZrO2 interfaces have Been studied by both AC
admittance and 4-probe DC polarization techniques between 600° and 900°C. The
4 electrical response of the interface between 40 Hz and 20 kHz in air ambient |
was analyzed by use of complex plane techniques.. An equivalent circuit composed !
of a pure interface resistance in parallel arrangement with an interface im-~ |

* - -
pedance Zi = A0 - FJA W o fit the experimental data well. The impedance

_ 1 2
parameters A1 and A2 exhibited an activation ‘enthalpy half of that for ionic

conduction.

Steady-state DC polarization studies carried out in an oxygen partial
pressure range of 1 to 10_6 atm showed two current plateaus. Limiting currents
at high ionic fluxes were due‘to slow diffusion of molecular oxygen in the gas
phase. Porous Pt electrodes were practically nonblocking at intermediate
fluxes and sufficiently high oxygen pressures due to fast interface kinetics.
A thermally activated diffusional process, independent of oxygen partial

pressure,.was found important at low overvoltages, and was attributed to slow
diffusion of electrons from the Pt electrode to the electrochemical reaction
site. The disappearance of these low overvoltage current plateaus above 700°C
was correlated with the transfofmation of the Pt surface structure from a

"reconstructed" to a "restored" state.




THERMODYNAMIC PROPERTIES OF THE SOLID ELECTROLYTE LiAlCl4

W. Weppner and R. A. Huggins

Max-Planck-Institut f. Féstkorperforschung, Stuttgart, Germany, and
Department of Materials Science, Stanford University, Stanford, CA 94305

Lithium aluminum chloride (LiAlCl4) has shown fast transport of‘lithium
ions in both solid and molten states (mp. 146 C), with a negligible electronic
contribution (1). Preparation and handling are simple, making this material a.
potential candidate for technological applications in galvanic cells.

To select proper electrode materials one needs to know the thermodynamlc
range of lithium activity compatible with the electrolyte. Solid\state eleCf '
trochemical measurcments have been used to obtain this information for
LiAlCla. It was employed as an electrolyte in the cell

Al,LiAl / LiAlCl / Al A1C13
and as an electrode in ‘a second type of experiment using cells of the type

- Al,LiAl / L148104 - 40 m/o Li3 / Li1 A1C14
in which the lithium content was varied over the range of existence.

This compound is thermodynamically stable at lithium activities between

10 ~28.4 and 10 ~73.7 af 25°C. The phase width is as small as 10 -4 m/o. The

standard Gibbs free energy of formation of LiA1C1l, is -1.051 MJ/mole at 25°C.

4

‘The effective electronic mass, the band gap, and the intrinsic ‘disorder ﬁay

also be estimated from the results.

It 1s concluded that the range of lithium activity over which LiAlCl4
is stable precludes its use in rechargeable cells with elemental 1ithium
electrodes. It might be used in cells involving electrodes operating at

sufficiently low 1ithium activities, or in other applications, such as

electrochromic displays or memory elements.

(1) W. Weppner and R. A. Huggins, J. Electrochem. Soc., 124, 35 (1977).
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USE OF SOLID OXIDE ELECTROLYTES FOR THE STUDY OF OXYGEN
 SOLUBILITY AND DIFFUSIVITY IN LIQUID METALS*

D. A. Stevenson, B.-HeshmatpOur, and F. K. Moghadan
Department of Materials Sciencé; Stanford; California 94305, USA

Solid electrolytes have been applied extensivé}y for the study of the
thermodynamics of solid and liquid systems and for fhe trénsport of specific
species using several electrochemical techniques ——‘potentiostatic current
measurements and coulometric-potentiometric titrations -- for determining some
fundamental properties of liquid metal-oxygen systems, particularly for
systems with limited oxygen.solubility and relatively low saturation oxygen

activity. The properties of interest include: The diffusion coefficient of

" oxygen, D(0), in pure liquid metals and in liquid metals alloys; the thermo-

dynamic activity of oxygen as a function of oxygen composition; the solubi-

lity and maximum solubility of oxygen in liquid metals; the Gibbs free

_ energy -of formation of respective oxidés; the thermodynamics of binary liquid

_metals solutions; and solute interactions in liquid metal solutions. Typical

liquid metals include Ga, In, Sb and Bi. A brief sﬁrvey of typical results
will be given.A Major emphacie, however, will bevde&nted to a discussion of
experimental problems and sources of error that arise from the electrolyte

and electrode degradation.

* ‘ .
Supported by'the United States Department of Energy Contract EY-76-S-03-0326
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NEW TYPE OF CAPACITORS

L. D. Yushina, S. V. Karpachev, W. I. Terekhov, Institute of Electro-
chemistry of the Urals Scientific Centre of the USSR Academy of Sciences,
Sverdlovsk 620066, Ul. S.Kovalevskaja,20. USSR. '

On the basis of the investigations made a new type of capacitor with
a larger capacitance and using a solid electrolyte has been designed. One of
the capacitor electrodes is able to accumulate charges in the bulk, which
enables to obtain specific capacitance reaching 80F/cm3 (at 25°C). Great
characteristic parameters of the device make the possibilities of mini-
aturization much wider. _

The capacitor shows the stability of capacitance values within a
wide temperature.range (0 - +85°C). FElectronic resistance of the system
reaches 107 ohms, so the charge retains for a long perliod of time.

Capacitors CBC may be charged by pulse currents as well, the capacitance
Qalue being not dependent on the pulse frequency of the current supplied.

This type of capacitors may find a wide application in various radio-

electronic devices.



ABOUT SOME STUDIES ON ACCELERATED ELECTROFORMING
OF PLUMB ACCUMULATOR PLATES |
S. S. Gishin, Higher Institute of Mechanical and Electrical Engineering

"V. I. Lenin" - Sofia, Bulgaria

The use of current with different waveform in electroforming of plumb

|
|
\
|
accumulator active mass, leads to a considerable change of Ehe electrochemical l
system parameters. Via the recurrent alteration of current polarity, the

active internal resistance of the system varies considerably which accelerates ’
the ion transfer in the electrolyte and the forming mass, and correspondingly

the electrochemical process for obtaining spongy plumb and plumb Jioxide on the

The scientific results as obtained are highly valuable for the practice

‘ electrodes is intensified many times.
|
} and find application in the production of plumb accumulators and armoured

batteries in our country.
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CHEMICAL DIFFUSIVITY OF LITHIUM IN LixTaS2 AND Li~xTiS2 AT 30°C*

Samar Basu** and Wayne L. Worrell

University of Pennsylvania, Philadelphia, Pa., 19104, USA.

The layered group IV and V transition ﬁetal dichalcogenides have re-
' ceived considerable attention as potential cathodes in secondary lithium
“batteries. The practical application of these meterials strengly depends on
the diffusivity of lithium in the two dimensional van der Waals gap; the
magnitude of the lithium diffusivity controls the current density in the

cathode.

The chemical diffusivity of lithium in LixTaS2 and LixTiS2 (0 <x<1)
was determined at 30°C by a current-pulse relaxation technique in an electro-

chemical cell:

Li/Li’ (Licto,

These measurements were made using polycrystalllne electrodes in which

in propylene carbonate)/Li MS (M= Ta & Ti).. (A)

chemically prepared intercalated disulfides (~325 mesh) were 1sostat1ca11y
pressed to form cathodes of 7 mm dia. lithium was injected into or removed
from the cathdde,by constant current-pulses (vl mA) for short times (3-13
secs). The chemical diffusivity of lithium was calculated from the decay
rate of the tran31ent voltage. The chemical diffusivity of lithium in

Li TlSziS 5x10 -9 cm /sec over the entire composition range. The chemical
diffusivity of lithium in Li TaS2 is composition dependent ‘and the average

value is 1.8X1U0 8.cm /se¢ in the composition trange of 0.25 < x < 0.75 at 30°C.

%
Supported by the Office of Energy Research, Department of Energy, under
contract No. EG~77-S5-02-4356.

& . .
Present address: Bell Laboratories, Mu¥tay Hill, N.J., 07974, USA.
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SYNTHESIS, CHARACTERIZATION AND UTILIZATION OF M ErSi
COMPOUNDS AS SOLID ELECTROLYTES IN ALKALI METAL—TlS C%Lig*

T. Palanisamy, School of Engineering, University of Dayton, Dayton OH

Ls5h69 USA

'R. L. Kerr, Air Force Aero Propulsion Laboratory, Wright-Patterson Air |
Force Base, Dayton OH L5433 USA A A

J. T. Maloy, Department of.Chemistry, Seton Hail University, South

Orange NJ 07079 USA

‘High sodium ion conductivity has been reported for trivalent metal
silicates such as Na5GdSihO12 (1) and NaBYSihOlE (2). Forty seven percent of
the sgdium ions in the latter are shown to be mobile in its framework struc-
ture which permits.three dimensional conductivity. Although other sodium
lanthanide silicates are suggested to be similar (1) no detailed conductivity
studies are presently available. .

We have synthe51zed the erbium analog and employed in the high temper—
ature sceondary cell Na/NaSEr81h012/T182. The electrochemlcal behavior of
this cell is reported as a function of temperature.(time, and charging vol-
tage at various resistive loads. Because of the ease of Li intercalation in
TiS2 this research has also been directed towards the development of a solid
lithium ion conductor by successive replacement of the sodium in the compound
with lithium for use in the corresponding Li/TiS2 cell. The synthesis of
two of these compqunds, Li2Na3ErSih012 and LiSErSih012’ has been acconplished.

X-ray diffraction data of these compounds indicate that they have similar,

but individually unique structures.
¥*Supported by the U.S. Air Force Aero Propulsion Laboratory
1. R. D. Shannon, H. Y. Chen, and T. Berzins, Mat. Res. Bull. 12, 969(1977).

2. H. Y-P. Hong, J. A. Kafalas, and M. Bayard., Mat. Res. Bull. 13, 757(1978).
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RECENT INVESTIGATIONS OF SOME ION-CONDUCTING OXIDES

W. van Gool and G. H. J. Broers,
Dept. of Inorganic Chemistry, State University, Utrecht,vNetherlands.

The application of solid electrolytes in energy-conversion and energy-
storage s&stems is described. Some fundamental aspects of fast ion conductors
are summarized. The principles ere illustrated with recent research results
uéing 6-B1203! Ag, V205 and La-Co based peroyskites,as solid electrolytes.

Structural and thermodynamic data of Bis03 will be presented. Present
research is directed to improving the stability of the material against re-
ducing atmospheres and to enlarging the stability range of the good ion-
.conductlng 6-phase to lower temperatures. A
Ag,V,05 is a mixed conductor with remarkable thermodynamlc properties,
showing an increased stability (versus Ag and V,0g5) at higher temperatures.
The low Ag*-mobility prevents its use as a solid electrode material.

' Investigations of La-Co based perovskites has led to an electrochemical
method to determine very small diffusion coefficients of oxygen ion vacancies
in eleetronically conducting oxides. Faverable oxygen evolution characteris-
t1cs have been observed for several of these perovskltes when used as

electrode mater1a1 in the electroly51s of water.
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ANALYSIS OF THE ALTERNATING CURRENT PROPERTIES
OF LISICON CERAMICS*

M. Bayard, * Lincoln Laboratory, Massachusetts Institute of Technology,
Lexington, Massachusetts 02173
The ionic conductivity of polycrystalline ceramic pellets of LISICON

(Li, Zn(GeO 4) 4) has been determined over the temperature range from 298 to 573 K by

14
complex impedance measurements at frequencies from 5 Hz to 108 MHz. For temper-
atures up to 480 K the grain and intergrain contributions to the ceramic conductivity have
been separated and their activation energies (0. 89 and 0. 76 eV, respectively) have been
determined. The measured ceramic conductivity decreases markedly with increasing
time of exposure to air at room temperature. This change can be attributed to the
mdisture sensitivity of the intergrain regions, since the grain contribution to the con-
ductivity does not vary significantly with exposure time, The highest measured ceramic
conductivity at SOOOC, which was determined immediately after 'sintering, is

- -1 1
0.1 07 em , in good agreement with the value reported by Hong and nearly an order

of magnitude higher than that reported by von Alpen et al. 2

*This work was sponsored by the Department of Energy.n

fPresent address: GTE Laboratories, Waltham, MA 02154.

_ 1H. Y-P. Hong, Mater. Res. Bull. 13, 117 (1978). 4

‘ .2U._fr. Alpen, M. F. Bell, W. Wichelhaus, K. Y. Cheung, and G.. J. Dudley, to be
published. ' -
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COMPOSITIONAL DEPENDENCE OF THE IONIC CONDUCTIVITY IN THE PYROCHLORE

TYPE SYSTEMS Mei+xTal+xwl-x06’ Me=Na, K, T1.

J.Grins and M.Nygren, Inorganic Chemistry, Arrhenius Laboratory,
University of Stockholm, $-106 91 Stockholm, Sweden.

T.Wallin, Inorganic Chemistry, Royal Institute of Technology,
S-100 4k Stockholm 70, Sweden. '

The ionic conductivity of the pyrochlore type system Me]+ l+x ] N 6
(0 < x < 1, Me= Na, K and.T1) has been determined at elevated temperatures
by means of computer controlled impedance measurements. The compositional
dependence of the ionic conductivity at 675 K is given below, Values for
activation eneray and the preexpenential factor in‘the Arrhenius equation
for the three systems will be presented. It has been possibie1 to relate
the In(oT) values for 0 < x < 1 In the T1 system to the occupancy factors
for the T1' ions at the crystallographic sites (16d) and (8b). Corresponding
correlation for the Na and K systems will be discussed.
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AIJ.Grins, M.Nygren and T.Wallin, submitted for publication.



CRYSTAL STRUCTURE AND IONIC CONDUCTIVTY

OF A NEW SUPERIONIC CONDUCTOR, NaSSCZPSOlZ*

H. Y-P. Hong, Lincoln Laboratory, Massachusetts Institute of Technology,

Lexington, Massachusetts 02173

A new solid electrolyte, NagScyP3019, a structural analog of NASICON
'_(Na3ZrZSizPO 12), has been synthesized by solid state reaction and by a flux method.
The ionic resistivity of a cold-pressed and sintered pellet with only 75% of theoretical
density was determined to be 12 Qcm at SOOOC, with an activation energy of 0. 25 eV.
While single crystals of NASICON have never been obtained, single crystals of

Na3Sc2P3O 12 Were grown from an excess of NayPyO7 as-a flux. A cube-shaped crystal
was selected for single-crystal x-ray diffraction analysis. The structure is monoclinic
with space group CZ/c‘ and cell parameters a = 15.461, b = 8.913, ¢ = 9. 016 i and

B = 124.80°, The basic structural feature is a rigid tﬁreé- dimensional nefwork formed
by ScOg octahedra and POy tetrahedra. Each octahedron is connected to six tetrahedra,
"while each tetrahedron is connected to four octéhedra. The Na* ions are randomly dis-
tributed at three different sites. The temperature coefficients of those positions ‘are ab-

normally high, consistent with the high mobility of the Na% ions.

*This work was sponsored by the Department bf Energy.
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STRUCTURAL RELATIONSHIPS IN SOME SULPHATES AND ORTHOPHOSPHATES

M. Newsam, A.K. Cheetham, Chemical Crystallography Lab, Oxford, England

B.C. Tofield, Materials Development Division, AERE, Harwell OX11l ORA

Almost all oxy-acid salts with tetrahedral anions have well-ordered
structures at low temperatures, but several transform to high-temperature
modifications in which the anions are highly disordered. Appreciable

cationic mobility is observed in some of these'phases, eg. Na3PO4, Ag3PO4,

'Ag2804. We have examined several.systems‘using single crystal x-ray and.

powder neutron diffraction (PND) techniques.

Ag3P04 (P43n, a=6.0095(6)R, Z=2) has well ordered POAB— groups at room
temperature but slightly disordergd Ag. Na3PO4 is tetragonal at room
temperature,-Pz21m, a=10.7742;_c§6.816x, 2=8, Both transform to cubic FCC

In -K—Na3P0 4 two

phases at high temperature with highly disordered PO4 .
Sodlu@ sites are d1§t1ngulshed, but in the solid solution Na3(1_x)AleEXP04,
where the cubic phase is stabilised to.lower temperatures, for x=0.2
vacancies are present on only one sodium site. :

Like Ag,PO, , monoclinic Ag,S0, (C2/c, a=5.818(2)&, b=12.702(3) &,
¢= 5.893(1)'8, 8:119.55(1)0, Z=4) hasslightly unusual Ag positions at room
temperature. The high temperature phase is hexagonal, P63/mmc, similar to

that of B—K2804. PND results for these two systems are compared.



STRUCTURE ANALYSIS OF Na,Zr,Si, 0 AT 300°C AND 600°C IN RELATION WITH

| 4°72%73712
THE IONIC CONDUCTIVITY.

D.Tranqui, J.J.Capponi, J.C.Joubert, Lab. Cristallographie, CNRS,Grenoble,
FRANCE
R.D.Shannon, C.K.Johnson, Du Pont de Nemours Company-Wilmington,DE 19898.

Compouhds of the series Na4 Zr2813 ]2 are well known geod ionic conduc-

tors for 0.1<x<1 while the end member Na42r2813012 is only a rather moderately

good conductor. Yet, because single crystals of the end member were easily

gféwn by hydrothermal synthesis, we decided to investigate his structure at
300°C and 600°C in order ‘to determine the structural aspects whichcan explain
the large increase of the conductivity of this material versus the temperathre
Intensity data for a spherical crystal of NaAZr2813O were collected on a Phi-
lips four—cirele diffractometer using AgKa radiation. The crystal was heated
using a hot air device designed by Capponi and Argoud. Both 300°C and 600°C
structure refinements were carried out in space group R3C. In order to study
the distribution of Na(l) and Na(2) about their respective sites, Fourier maps
were calculated at room temperature and 300°C. At 300°C, no significant defor-
mation of Na(l) electron density was observed nor were any residual peaks ob-
served in the regions between Na(l) and Na(2) sites. However an unusual defor-
mation: of the Na(2) electron density was observed and well definite peaks bet-
ween Na(2) sites could be seen which did not exist at room temperature. As t.'e
major thermal ellipsoid of Na(2)turns toward the Na(2)-Na(2)direction,and as the
minimum opening radia between these two sites increases from 1.15 to 22 A
one must consider that pathway as more and more favorable for the displacement

+
0! Na cations (RNa = 1,15 A) when the temperature increases. The results ob-

tained from the.data collected at 600°C lead to the same conclusion.
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USE OF L0W4FREQUENCY AC MEASUREMENTS IN SOLID STATE ELECTROCHEMISTRY

B. A. Boukamp, I. D. Raistrick and R. A. Huggins

Department of Materials Science, Stanford University
A new technique is described which allows the accurate measurement of

the electrical impedance of an electrochemical system at very low frequencies.

The sinusoidal excitation signal and the response of the sample are com-
pared over a single period, using a small on-line cémputer, by means of an
algorithm based on the first term of the Fourier transformed signals. The
relationships between the amplitudes and phases of the excitation and response

are then calculated and displayed as a complex impedance.

Combined with more conventional high frequénc¢y measurements, this
technique has given a total available frequency range of from 1MHz dowm to
5 x 10'-4 Hz. This expanded capability greatly simplifies the ahalysis of the
frequency dispersion of the impedance; the low frequency information being

particularly desirable for the study of interface phenomena.

Examples of the application of this technique include studies of the
ionically blocking electrode/solid electrolyte interface (e.g. Au/PbFz) [1]
the-qgaSi—reversible interface (e.g. Li/Li3N) and a study of the kinetics of
the electrochemical injection of lithium into thin tungsten trioxide films.
In this last example, in addition to giving information about the kinetics
of the interface charge tranéfer reaction, solution of the diffusion equa-
tions for the appropriate finite boundary conditions correctly predicted the
form of the impedance at very low frequencies, and allowed the determination’
of the chemical diffusion coefficient of lithium and the thermodynamic
enhancement factor as a function of lithium activity in Lin03.
[1] C. Ho, Y-W. Hu, I. D. Raistrick and R. A. Huggins, J. Electroanal.

Chem. 77, 319 (1977).
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FOUR PROBE AC CONDUCTIVITY MEASUREMENTS FOR FAST ION CONDUCTORS*

R. J. Friauf, Physics Dept., University of Kansas, Lawrence, KS 66045

Argonne National Laboratory, Argonne, IL 60439, U.S.A.

Tonic conductivity measurements afe usually carried out with audio
frequency ac in orxder to avoid polarization effects caused by partial block-
ing of the ions at ‘the electrodes. A capacitance bridge with decade resistors
is convenient for this purpose, but the usual 2 or 3 terminal measurements do
not allow for lead wire corrections, which cannot be neglected for sample
resistances as low as a few ohms. ‘

Hence a &4 probe technique has been developed for use with a shielded
tranéformer arm capacitance bridge. The principle is similar to the dc
Mueller method for a platinum resistance thermometer: two balances are made,
with the bridge connections reversed for the standard and sample resistances.
The average of the two reédings gives the sample resistance with all lead re-
sistances completely eliminated, and the differeﬁce zives the lead resistance
correction for future reference. Thus the method retains all of the advan-
tages of shielded bridge techniques while at the same time automatically cor-

recting for lead resistances.

The method has been used for measurements at high femperatures on AzCl
‘and AgBr,l where the conductivity for AgBr rises to 1 Q—lcm_l,near the melt-
ing point! It should prove valuable for other fast ion conductors with com-
parably large conductivities, and experiments are in progress in connection

with low temperature diffusion measurements on Ag-beta-alumina.
*Work supported in part by the U.S. Department of Energy

1R. J. Friauf, J. Physique 38, 1077 (1977); K. J. Kao and R. J. Friauf, to be

published.
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RESOLUTION OF MULTICOMPONENT IMPEDANCE DIAGRAMS*

Michel Kleitzl and John H. Kennedy

Department of Chemistry; University of California, Santé Barbara, CA

Complex impedance (or admittance) diagrams usually exhibit more than
one semicircle, and resolution Qf‘these‘semicirclés is needed to determine
the electrochemical parameters of the cell under investigation. Semicircles
with relaxation frequenciées differing by less than a factor of 100 overlap .
significantly, and when this factor drops below 10 the resulting diagram
may appear to the eye to be a single semicircle. Similar oveflapping may

Abe observed between éemicircles‘and Warburg-like straight lines.

: A éimple method, practicable with small desktop computerS'has been
.defeloped to confirm the existence of two components, to separate them
accﬁr&tely; and to determine their characteristic parémeters: real
ihtercepts (Zi)’ relaxation frequencies (W) and depression parameters (o).

The calculation is based on a determination of the curvature-center
locus. Then, a fnu/v = f (&1W) diagram over an appropriately selected
fiequency range is utilized leading to a first approximation to one of the
components. The difference between the experimental and the first
approximation is'calculated, and the second component is thereby estimated.
The calculation is iterated until the intermediate Z value is stable within
a8 few percent. _Two procedures are described tq reduce the number of

1terations required after the initial curve fitting.

¥Supported by the National Science Foundation. ,
lOn leave from E. N. S. d'Electrochimie et d'Electrométallurgie de Grenoble,

Domaine Universitaire, 38401 St. Martin d'Héres, France.
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. Gy
THE METAL SILVER-LIQUID INTERFACE; OXIDE PROPLRTIES FROM

REFLECTANCE AND SCATTERED LIGHT SPECTROSCOPY*

D. K. Cohen, S. 0. Sari, and K. D. Scherkoske
Optical Sciences Center, University of Arizona, Tucson, AZ 85721

Electrochemically oxidized silver foils have been examincd using a reflec-
tance and scattered light spectroscopy (termed RASCAL spectroscopy). The
reflectance of both quasi-equilibrated silver oxide at an aqueous’ patassium
hydroxide-metal interface and of oxide residue on metal in air have heen
examined in the 1 to 5 ey photon energy range. The effect on the metal refleg-
tivity due to unintentjonal inhomogeneous oxide formation is discussed. An
oxide coverage will reduce the metal reflectance most strongly in the frse-
electron energy region near the screened plasma frequency and has bgen observed
to broaden the surface plasma resonance of the underlayer.

In contrast, the contribution to the reflectance of an 1ntent10na11y
formed oxide overlayer may be separated from that of the silver. Under the
assumption that the scattering contribution of the oxide-covered metal cgn be
made small, the differential reflectance between oxidized and clean metal foils
may be used to determine the approx1mate optical constants of the overlayer.

These parameters have peen determined in our range of experimental data by

using a modified form of Kramers-Kronig analysis.

Scattering contributions due to inhomogenequs oxide residues are shaown,
Information thus obtained may be used to estimate the distribution of ox1qe
nodule sizes at the metal boundary Such experiments have been compgred to
direct electron microscopy of the residues on the same surfaces.

*Supported by the U.S. Department of Energy under Contract No. EG-77-S-02-4381,
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MIXED IONIC AND ELECTRONIC TRANSPORT IN THORIA ELECTROLYTES*

H. H. Fujimoto and H. L. Tuller, Department of Materials Science and

Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139

Thoria (Thoz) is one of a number of oxides which exhibits fast oxyqen
ion transport at elevated temperatures when doped with di or tri valent
cations (notably Y203). Though both pure and doped thoria are ch;racterized
by a predominantly p-type electronic conductivity at P, 's > Y10 "atm, ioaic
conduction is found to predominate at reduced pressureszmaking thoria the
material of chqice for oxygen sensors operating under.highly reducing condi-
tions.

To obtain adequaté luformation ooncerning ionic and electronic genera-
tion and transpdrt (of which little exists for the latter) in thoria electro-
lytes and to test the hypotheéis that variable valent impurities limit the
applicability of such probes, a series of electrical conductivity and ionic

transpdrt meacsurements have been performed on thoria doped with varying

amounts of substitutional cerium. Increasing levels of cerium lead to increas-.. '

ingly larger "n-type" contributions at reduced P02‘s ultimately leading to the
disappearance of the "ionic plateau”. Our analysis of these and related data
indicate that in contrast to conventional wisdom, the Po2 dependent conduction
at reduced pressures is predominantly ionic rather than electronic. Values
for parameters controlling defect generation and transport are reported for

the first time.

* Supported by Department of Energy under grant EG77-S-02-4436.
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IbNIC CONDUCTIVITY OF HIGHLY DEFECTIVE OXIDES

E. C. Subbarao and T. V. Ramakrishnan,t

Indian Institute of Technology, Kanpur 208016, India

The variation of conductivity of highly defective oxide
solid solutions (e.g. those of Th O, and Zr 0, with Ca 0 and Y01 .5)
with additive concentration shows a peak at about -12-18% of the dopant
(concentration c). We suggest here a simple explanation which concen-
trates on the environment of a diffusing oxygen vacancy Va. For
example, if Va has as its nearest neighbour one or more ca2t ions
(probability (1-pj(c))) , it will be bound or at least be strongly
impeded in its diffuéion. Similarly because of strong vacancy repulsion
we include only those configurations (probability pp(c) ) in which two
vacanciesvare not nearest neighbours. The pfobabilities pl(c) and
p2(c) are computed in the simplest independent site statistical approxi-
m§tiqn. We find that Ceff.: ¢ pp(c) pp(c) has a peak at ~13% for
‘the M0y - M"0; 5 system and at ~16% for the MOy - M"0; g system, in
agreement with experiment. The general shape of o(c) vs. ¢ is also in

agreement with experiment, though the falloff for large c is steeper

than calculated. A number of refinements are discussed.

+Present'a&dress: Department of Physics, Princeton University
Princeton, N.J. 08540



PA-32

THE RELATION BETWEEN THE THERMOELECTRIC POWER AND THE FAST
IONIC CONDUCTION IN 6-Bij03.

J.H.W, de Wit, T. Honders and G.H.J. Broers,

Department of Inorganic Chemistry, State University Utrecht,

Croesestraat 77A, 3522 AD Utrecht, The Netherlands.

The high temperature S-phase of Biy03 can be considered as a highly
defective fluorite phase, with an existence range between 729 and 824 degrees

1 Oxygen ions

C. This phase shows fast iomic conduction of the order 1 @ lem™
are the mobile charge carriers. (transport number & 1), According to literature
the existence range of the &-phase can be extended to lower temperatures e.g.lA
by addition uf rare earth oxides. However these 'S-phase materials' exhibit
very poor ionic conduction at thegse lower temperatures. . '

The thermoelectric power is shown to be a very cengitive tnnl for study-

ing the transport properties of these materials. When measured as a function

of temperature and partial oxygen pressure it gives direct information on the

electrode reversibility and the transported entropy. Furthermore it is very
sensitive to an electronic contribution to the conductivity:and can therefore
be used to check the ionic character,

A combination of the experimental data concerning the thermoelectric

_power and theoretical considerations on the partial entropy of the oxygen ions
in S-Bi203 gives a very low value for the heat of transport. It is shown that

' the reported agreement between values of the heat of tramsport and :he aéti— :

vation energy for the electrical conduction in various fast ionic conductors
is not firmly sustained by theory. Moreover this very low value might very

well be characteristic for fast ionic conductors.
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NMR STUDY OF SODIUM ION
MOTION IN R" ALUMINA

W. C. Bailey, A. R. Ochadlick, Jr.*, and H. S. Story, State
University of New York at Albany. Albany, NY,. .~ USA
G. C. Farrington, Geéneral Electrlc Research and Development Center,

Schenectady, NY, USA

The temperature dependences of the nuclear quédrupole coupling constant,
eZqQ/h, and the asymmetry parameter, n, have been measured for 23Na in single -
crystal MgQ stabilized B'-alumina. ‘
Over the range of temperature studied, the rotation pattern data are
consistent with a model which invokes rapid sodium ion motion among trigonélly
related sites in the conduction plane.
The coupling constant is 3.4 MHz ($2%) over the-temperatufe range, while -
the asymmetry parameter varies nearly linearly from 0.47 at 295K to 0.85 at
219K. ' |
The results of this work arc qualitatively similar to those found by

Chung et al.l TFor 23Na in B-alumina.

* Permanent address: Naval Air Development Center, Warminster, PA.

I I. Chung, H. Story, and W. Roth, J. Chem. Phys. 63, 4903 (1975).




STUDY OF ANOMALOUS Na N Na2 ENRICHED BETA- —ALUMINA

D. Brinkmann, M. Mali, and J. Roos
Physik-Institut, Un1vers1ty of Zlrich, Ziirich, Switzerland

H.S. Story
State Unlver51ty of New York at Albany, Albany, New York
R.R. Dubin

' General Electric Corporate Research and Development Schenectady, New York

Pulsed and CW NMR techniques were used to investigate the 23Na motion
and relaxation behavior of the anomalous Na typically foundl in Na20 enriched
Na beta-alumlnas (lNa 0* 5.72Al ) The resul*s show that the spin lattice re-
| laxatlon time (T ) for the anomalous Na is about 100 tlmes longer than the Tl
assoc1ated with the normal Na. Tl = 20 ms at 300 K with an activation cnergy o
of 0.13 eV. The observed linewidth (T 2 % 35 us) of the anomalous Na does not
| seem to undergo motlonal narrowing between room temperature and 75 C Spin
echo experiments show that the line is 1nh0m0geneously'broadened,at room tem-

perature (T, ~ 600 us). Coarse grained single crystal powders of Na beta-

2

alumina (lNa 0 9A1203) exhibited both anomalous and normal Na responses after

attempts to promote vapor phase Na20 enrichment. In addition to introducing
the anomalous Na response this treatment also increased the magnitude of the

coupling constant of the normal Na to values consistent with Na?o enrichment.

Our conclu51on is that the anomalous Na must be incorporated w1th1n the beta-

alumina structure.

1 R.R. Dubin, H.S. Story, R.W. Powers, .and W.C. Bailey, Mat. Res. Bull.,
Vol. 1h, 1979.




| Na23 NMR AND TWO-DIMENSIONAL DIFFUSION IN @-ALUMINA

Villa, Instituto di Fisica ed Unita GNSM di Pavia, Pavia, Italy.

(ST«

L. Bjorkstam, University of Washington, Seattle, Washington, USA

We discuss the NMR data of Na23 in B-alumina with a formalism which
takes into account the two-dimensional (2D) character of the system.
Since the electric field gradient (e.f.g.) at the Na23 position has the
symmetry created by a planaf distribution of charges, the e.f.g. tensor
ién‘be written in terms of A = Zj ej/r§ and B = Zj ej exp(2i¢j)/r§. (Here
r.(r.,¢j) is the planar vector connecting the nucleus with the charge ej.)
The correlation functions <A(t)A(0)> and <B(t)B(0)> and their spectral
.densities are evaluated: 1) by assuming that sodium moves in the plane
following a 2D-diffusion equation and 2) by neglecting the terms involving
correlation between different charges. The most interesting feature of
this 2D-model is that at long times one has: <A(t)A(0)> cct—l. This fact
is directly confirmed by the chahges in width of a satellite line with
temperature. Moreover, the model gives an accuraté description of the
observedl temperature aﬁd frequency dependence of the transition
probabilities. The reasons for this agreement and the information given

by NMR on the sodium motion in B-alumina are discussed.

“Supported in part by Fondazione Della Riccia, Firenze, Italy, and by NASA.

1 N .
R. E. Walstedt, R. Dupree, J. P. Remeika, and A. Rodriquez, Phys, Rev. Bl5,

3442 (1977).
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NMR OBSERVATIONS OF Na IONIC DIFFUSION IN Na B"-ALUMINA AND NASICON*

Cecil E. Hayes and David C. Ailion
Department ofAPhysics, University of Utah, Salt Lake City, Utah 84112

We measured the temperature dependence of the nuclear relaxation time
T, at 24 MHz for 23Na in dry powdered Na B"-alumina and in polycrystalline
Na3Zr,PSi,0;, (NASICON). Both materials show a strongly asymmetric minimum
in a plot of Ty vs. 1/T.. We determined the activation energies from the T, data
and obtained, for temperatures below the T; minima, activation energies which’
are about one third of those derived from data above the minima. The possi-
bility that this asymmetry arises from cross relaxation effects between energy
levels split by the quadrupolar interact{on will be discussed. In particular,
we found that modifying the pulée sequence used to measure T; can ingrease the
~ slope of the low temperature T; data for Na g"-alumina.

For both Na B"-alumina and NASICON, the activation energy Ea<determined
from the high temperature side of the T; minimum tends to be slightly higher
than published values derived from ionic conductivity. Since wor~1 at the T,
minimum, we can estimate the jump time r=-njexp(Ea/kT)and the attempt fre-
quency v0==r61 using the high temperature value of E_. We tound vo~1013sec’1
for NASICON and v0~101“ilsec‘1 for Na g"-alumina. This latter value is higher
than vo~10115ec'1 found by Walstedt et al for Na 8-a1umina}

Above the T; minimum in Na B8"-alumina our observed lineshape corresponds
to a second nrder quadrupolar broadened powder pattern of the central transi-
tion.arising from field-gradients not averaged out by the motion. Below the”
T, minima, we observed dipolar and quadrupolar defect broadening superposed
on the lineshapes. B

*This work was supported by NI'S grant #DMR 7A-18966.
'R.E. Walstedt, R. Dupree, J.n Remeika & A. Rodriquez, Phys. Rev. BI5, 3442 (1977).
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LOW TEMPERATURE STUDY OF Na SATELLITE SPECTRA IN $-ALUMINA

A. Highe, M. Polak, and R. W. Vaughan, California Institute of Technology,

Division of Chemistry & Chemical Engineering, Pasadena, California 91125

Details of the sodium ion motion (site exchange processes) in B-alumina
have been obtained from anaiysis of first—order quadrupolar 3/2Na NMR spectra.
Quadrupolar interactions were studied as a function of crystal orientation and
température using a recently developed‘double resonance t;echnique1 ‘which
proQides a sénsitive, although indirect; means to obtain such first-order
spectra. The experimentally determined elec;rﬁc field gradients have been
compared with point charge calculations to aid in identification of the sodium
sites, and temperature-dependent éhanges in the multiplet structure of the

first-order sodium spectralhave allowed characterization of the multiple-site

sodium exchange processes present.

M. Polak and R. W. Vaughan, J. Chem. Phys. 69, 3232 (1978).
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PHYSICAL CORRELATION E;FFECTS IN THE LATTICE GAS*
G. E. Murch and R. J. Thorn
Chemlstry D1v151on Argonne Nat10na1 Laboratory, -
Argonne, Illinois 60439 QSA

The lattice gas has long be‘en of interest in oonnection with the modeling
of eolidifioation, _adsorption, the behavior of int,erstitial solid solutions and '
now, more receitly, superion'io. conductivity. Although the lattice gas' is very
simple in concept, the rigorous physios has proved like the analogous Ieing
magnet, to be quite difficult of access. Computer simulation has played a key
role in our understanding of the properhes of the lattice gas. Recently,
usmg computer simulation methods, the present authors revealed that for the
a _priori site equivalent lattice gas, the usual Nernst-Einstein equation must be
modified by the factor (f c /ft) , where fc is the phjrsical correlation factor and
ft is the tracer correlation factor.

In this paper we make use of the Onsager formalism of 1rrever31ble
thermodynamms to show that (f /f ) not only modifies the Nernst- Einstein
equation it also modifies the Darken equat1on This is a very interesting and
illuminating result which underscores the importance and fundamental nature
of £ c- Since we have previously developed simulation methods to oal‘culate‘
(1) the tracer diffusivity, (2) the drift mobility, (3) the chemical potential
and, very recently, (4) the chemical diffusivity, we also present results of

an "experimental" verification of the modified Darken equation.

*Work performed under the auspices of the Office of Basic Energy Sciences of v

the U. S. Department of Energy.



TEMPERATURE DEPENDENCE OF HAVEN RATIO IN
FAST ION CONDUCTORS AND CORRELATION EFFECTS*

H. Sato and R. Kikuchi**
School of Materials Engineering, Purdue Unjversity, W. Lafayette,
Indiana 47907 |

A recent measurement of the Haven ratio HR of B-alumina! shows a strong
temperature dependence which cannot be explained in terms of random walk con-
cept of jonic diffusion and conduction. On the other hand, an almost quantita-
tive explanation of this effect can be given by a many body diffusion theory
developed by ‘the present authors? utilizing a very éimp]e model of B-alumina.
The temperature dependence of the Haven ratio in this case is due to a strong
temperature dependence of the correlation effect of both the diffusion and the
" conduction as a result of the change of population of conducting ions among
several kinds of available lattice sites by temperature and to a difference in
the statistical nature of diffusion and conduction. Here the "correlation
factor" is defined as the efficiency of the motion of jons with respect to
that of random walk process. (In the Timit of Tow vacancy concentration, the
“correlation factor" of isotope diffusion thus defined is reduced to the well
known cofre]ation factor for the self diffusion). Since the correlation effect
depends on the detailed nature of the geometry of the path of ions as well as
the time sequence of motion of jons, the correlation effect is very sensitive
to the structural changes such as the introduction-of impurities, order-dis-
order transiton phenomena, and also to the frequency of conductivity measure-
ments. Importance of the "correlation effect” in elucidating the conduction

mechanism of fast ijonic conductors is thus emphasized.

*Supported by NSF DMR 7621497

**Permanent address: Hughes Research Laboratories

1J. N. Mundy, Twenty-sixth Midwest Solid State Conference, Oct. 1978
24. Sato and R. Kikuchi, J. Chem. Phys. 55 677 (1971)
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MODEL STUDIES OF MIXED-ION BETA-ALUMINAS™

J. C. Wang, J. B. Bates, T. Kaneda,* and H. Engstrom
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, TN

D. F. Pickett, Jr., Hughes Aircraft Co., Los Angeles, CA

S. Choi, Department of Physics and Astronomy, University of North
Carolina, Chapel Hill, NC

Recent results of NMR, Raman séattering, IR; diffusion and conduc-
tivity measurements on mixed-ion beta—q]uminas reported in the literature
have revealed several important phenomena in these systems. These include
the preferential occupancy of particular kinds of sites for some ions and
anomalies in conductivity due to ion mixing and to the presence of Ho0 in
the conducting plane. We have'attempted to understand these phenomena with
model calculations similar to those reported praviously.! By including
Coulomb, short-range repulsive, and polarization energy terms, the poten-
tial energies of various ion arrangements were ca1cu1ated‘to determine the
~most stable configuration and the activation energies of diffusion. Our
results for various monovalent and divalent cations as well as for water
molecules in Li, Na, and K beta-aluminas have shown that the preferential
occupancy of ion sites may be explained by potential energy considerations,
and the anomalies in conductivity may be attributed to the effects of V
-corre}ativé motions of various ion pairs on the activation energies and to
the blocking of conduction paths by impurity ions or water molecules.

*Research sponsored by the Division of Materials Sciences, U. S, Department
of Cnergy under contract W-7405-eng-26 with Union Carbide Corporation.

*Guest scientist on leave from Fuji Photo Film Co., Tokyo, Japan.
1. c. Wang, M. Gaffari, and Sang-il Choi, J. Chem. Phys. 63, 772 (1975).
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CORRELATION EFFECTS IN NON-STOICHIOMETRIC CRYSTALS:
APPLICATION TO B'"-ALUMINA*

Dieter Wolf, Argonne National Laboratory, Argonne, IL 60439
The correlated diffusive motion of atoms due to the presence of a
large concentration of vacancies in non-stoichiometric crystals is inves-
; tigated in terms of the encounter model. Within the framework of this model
l the correlation factor f is found to be equal to the ratio of the mean
square displacement, <d2>enc’ of the tracer in an encounter with a given
'vacancy and the mean number of correlated tracer jumps per encounter, Zenc'
Both <d2>enc and Zenc have been determined as_functiops of CV by
l means of a computer simulation program for a vacancy diffusion mechanism
of the Na' ions in sodium B"-alumina. The concentration dependence of the
correlation factor thus obtained is compared with the Monte Carlo computer
simulation results of Mﬁrch and Thorn1 and with the theory of Sato and '
Kikuchi.2 ~ ,
For polycrystalline B'-alumina samples the ratio of the radio-tracer
and charge diffusion coefficients (sn called "Haven ratio") is dctermined
and compared with the experimental results of Ormrod and Kirk{3 Possible

reasons for the very low values of H, extracted from the experiments are

R
discussed.
*
: l Work supported by the U.S. Department of Energy.
1G. E. Murch and R. J. Thorn, Phil. Mag. 36, 529 (1977).

”
“H. Sato and R. Kikuchi, J. Chem. Phys. 55, 677 (1971).
3S. E. Ormrod and D. L. Kirk, J. Phys. D 10, 1497 (1977).
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TONIC CONDUCTIVITY IN LITHIUM OXIDE-FLUORIDE GLASSES
C. A. Angell and Leah Boehm, Department of Chemistry, Purdue University.

Li+—rich borate glasses, containing lithium oxide, lithium fluoride, and
other lithium salts exhibit high electrical conductivities at elevated tempera-
ture (1.5 X‘10_3 So:m-l at 200°C). The ionic conductivities ¢ and the activa-
tion energies EG [determined from 0 = jgexp(—EO/kT)] were investigated as a
function of F /0 ratios in these glasses. The results indicate an increase in
conductivity and a decrease in activation energy with an increase in LiF
content in the system. The glass transition temperatures Tg also increase as
F /0 ratio increases. These results are interpreted in terms of changes in
glass structure with composition.

The influence of the thermal history (annealing temperature and rate of

'

cooling) on ionic conductivity was studied and correlated with the Tg s

This dependence is given by

dependence on the heating or cooling rate
d In An*

d (1/Tg) R
'controgling the structural enthalpy or volume relaxation.

where Ah* is the activation enthalpy for relaxation times

*
Supported in part by NSF-MRL Grant No. DMR77-23798.
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11 LINESHAPE AND SPIN-LATTICE RELAXATION IN (AgI)x(Agzo 8203)]_
AMORPHOUS SUPERIONIC CONDUCTORS
A.Avogadro, S.Manzini and M.Villa, Istituto di Fisica Generale ed Unita

GNSM di Pavia, 27100 Pavia, Italy

This paper shows that detailed information can be obtained on the
mechanism responsible for the fast ionic transport in (AgI)X(AgZO 8203)]
amorphous compounds by analyzing the !!B NMR response. At room temperature,

dc conductivities of ~1O_2 Q—] cm-] have been observed(l)

for x<.2, x>.8 ,
in the amorphous phases of these compounds. The !!B lineshape shows almost
no dependence on the Agl content and indicates that all borons are tetra-
hedrically coordinated to four oxygens. The spin lattice relaxation times
(T]) of !B have been measured in the range 5°-450°K for various Agl contents
(from x=0 to x=.8). A1l the T] vs. T curves go through a minimum, the posi-
tion of which depends on both the composition (x) and the Larmor frequency.
It is demonstrated that the minima are caused by activated f]uctuat1ons of
the BO4 groups and that this motion is related to the high ionic conduct1v1ty
of the glasses. The coupling between the motion of the borate units and the
Ag+ diffusion is treated by introducing an exchange-type model Hamiltonian.
It has been found that neither fhe ionic conductivity nor the ''B NMR
response apbreciab]y changé when iodine is substituted with bromine.This fact
agrees nicely with the predictions of the exchange model and suggests that
it could explain the conductivity of other amorphous systems. The importance
of these findings from the technological point of view is briefly cbmmented.

(1) G.Chiodelli, A.Magistris, A.Schiraldi, Electrochimica Acta, in press.
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. | ROLLER QUENCHING FOR PREPARING HIGH CONDUCTIVITY GLASSES
K.. Nassau and M. Grasso,_Bell Laboratories, Murray Hill, NJ 07974
By using a rapid quench technique such as roller quenching,(l) it is
possible to convert a large variety of‘melted compoéitions into. the vitreous
state even although they do not contain any glass-formers such as S5iOp, P205,
3, etc Cooling rates as high as lO7 degrees per second are readily
achieved. The quenched glasses are typically thin flakes 5 mm by 10 mm by
l 10 ym thick. , |
Examination By x-ray diffraction and by differential thermal énalysis
demonstrates the presence of glass by the absence of diffraction Leaks and by
the'presence of glass transitions and crystallization exotherms, often with
l “the first‘crystalline phase to form being -a new metastable phase.
, Preliminary studies(2) in the systems of Lip0-Nap0-Ko0 with Ta205 -Nb O5
using only the stoichiometric meta compositions such as LiNbO3, indicated
that. highest ionic conductivities(3) as high as 1072 (ohm em)~1 occurred with
the Li compounds. Anomalous dielectric behavior with dielectric constant
peaks over 3><105 was also observed.(h)
Accordingly a more widespread survey of Li-containing oxide compositions
with variations both in the added cation as well as in the stoichiometry was
initiated. .The preparation technique and the occurrence of glasses and high

ionic conductivity compositions will be described.

1. H. S. Chen and C. E. Miller, Rev. Sci. Instr. L1, 1237'(1970).

2. K. Nassau, C. AL_Wang and M. Grasso, J. Am. Ceram. Soc. (in press).
3. A. M. Glass, K. Nassau and T. Negran, J. Appl. Phys. 49, 4808 (1978).
4. A. M. Glass, M. E. Lines, K. Nagsan sand J. W. Shiever, Appl. Phys.

Letters 31, 249 (1977).
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CROWN ETHER SOLID ELECTROLYTES*

David S. Newman, Deborah Hazlett, Department of Chemisﬁry, Bowling
Green State University, Bowling Green, Ohio 43403 and Kenneth Mucker,
Department of Physics, Bowling Green State University, Bowling Green,
Ohio 43403

Complexes of Lithium, fluoride, chloride, bromide, and iodide with
dihenzo-18-crown-6 have been formed by dissolving stoichiometric quantities
of crown ether and the lithium halide in methanol and siowly evaporating the
solvent. The solid was then compressed into a pellet at 40,000 psi and its
ac conductivity measured at.room temperature using an industrial instruments
conductivity bridge at a frequency of 1000 Hz. The conductivitico aﬁ room
temperalture indicate that the salts are anionic conductors rather than
cationic conductors and that, of the four complex ﬁalides, dibenzo-18-cr-6

LiCl is the best conductor.

*Supported by Faculty Research Committee Bowling Green State University



CHARACTERIZATION OF HEAT TREATMENT INDUCED CHANGES
IN Li-Na BETA ALUMINA SINGLE CRYSTALS

R.R. Dubin, CE Corporate Research and Developm'ent, PO Box 8, Sch'dy., NY
J.B. Bates and T. Kaneda*, Solid State Div., Oak Ridge National Lab.T Oak Ridge, TN

Single crystals of lithium-sodium beta alumina with 50% to 95% substitution
of Li* for Na¥ were annealed in air and in vaéuum at temperatures up to 1000°C.
The specimens were examined before and after each heat treatment by pulsed
NMR, Raman scattering, infrared absorption, and x-ray diffractilon. A7fter

Li*

- vibrations merged into a single peak centered at 380 cm'l accompanied by a

annealing at 600°C, the two original Raman bands at 393 and 370 cm™ " due to

narrowing of spinel block phonon bands at 427 and 322 em™L, Annealing at 1000°C
caused a sharpening of the Li* band, but no further changes were observed in the

shape of neighboring phonon lines. The 1000°C annealing introduced a broad Li

NMR response and substantially reduced narrow line 7Li intensity. This confirmed

similar changes reported in heat treated sintered Li-Na beta ceramics. X-ray Laue
patterns showed that strain was induced by heat treatment; however, the original
crystal symmetry remained unchanged. The present results suggest that the
thermal induced changes observed in the NMR and Raman spectra of lithium ions are

due to diffusion of lithium out of the conducting plane and into the spinel-block.

*Guest scientist on leave from Fuji Photo Film Company, Tokyb, Japan

1‘Ope'ra'ted by Union Carbide Under Contract No. W-7405-eng-26 With U.S.
Department of Energy .
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LITHIUM MOTION AND ACTIVATION IN
Li-Na BETA ALUMINA SOLID ELECTROLYTES

R.R. Dubin, GE Corporate Research and Development, P.O. Box 8, Schenectady, NY 12301
P.A. Casabella, Rensselaer Polytechnic Institute, Troy NY 12144

Spin lattice relaxation times (T,) and observed line-widths (T;) for 'Li in
single crystal Li-Na beta-alumina were determined by pulsed NMR as a function of
. temperature and rotatibn angle. The specimens were prepared by ion exchange
‘techniques and had a final Li":Na* ratio of 3:I. Both Tl and T; showed a
noticeable dependence on rotation angle. Spin echoes were not detectable at room
temperature; however, they were observed at 155°K indicating inhomogeneous line
broadening at low temperature. As in the case of previously studiedl poly-
crystalline sintered specimens motional narrowing occurred throﬁghout the investi-
gated temperature range (150°K to 500°K). Activation energies for Li* hopping are
calculated from the Tl vs. temperature results and are compared to reported
results on Li-Na beta-alumina ceramics. In addition, similar measurements are
underway with L'i+ substituted single crystal Na beta" alumina. These results will
“also be reported and compared to those obtained from the Li* su‘bstituted Na beta

alumina.

Ir.R. Dubin, P.A. Casabella, (in Press) Electrochimica Acta, Vol. 24, 1979.
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DISTRIBUTION OF IONS IN MIXED (3- ALUMINA*

S. I. Choi and F. Sonnichsen, Department of Physics & Astronomy,

University of North Carolina, Chapel Hill, North Carolina, U.S.A.

It has been known that beta-alumina crystals with mixture of mono-
positive ions in place of sodium ions exhibit rathér interesting properties.
Li-Na seta-alumina is an example. Since considerable amount of experiment-
al data exist for Na-K beta-alumina with varying relative concentrations of
two ions, we carry out a theoretical study of this-system. Our work is
based on Kikuchi'g theory of cooperative phenomena. It is assumed that 5
species 6f "particles" exist: Nat, kT, Na+—Na+,‘K+—KT and Nat-kt Minimi-
zatioq of free enrgy yields a set of coupled nonlinear equations for the
relafive concentrations of these species. Solutions of this set of equa-
fions yield the relative concentrations as functions of energy parameters
and the ratio of Na+ and Kt ion céncentrations. The theory is applied fo

the analysis of existing experimental data.

* Supported by the National Science Foundation Grant Number DMR-782207.



IONIC CONDUCIIVITY AND RAMAN SPECTRA OF Na-Li, K-Li, and K-Sn
BETA-ALUMINA

T. Kaneda,* J. B. Bates, J. C. Wang, and Herbert Engstrom
Solid State Division, Oak Ridge National Laboratory, Oak Ridge, TN

The ionic conductivity, o, and Raman spectra of Na-Li, K-Li, and
K-Sn g-alumina crystals were measured in order to understand the mechanism
of mixed-ion éonduction. In mixed Na-Li crystals we found an approximately
linear relationship between log(cT) and 1/kT. However, the slope of this
graph was discontinuous at a temperature which decreased with increasing
Lit concentration. A model based on pair-cation motion has yielded. a
theoweticq] fit to these data. It was observed that, at 300 K for example,
the‘conductivity of a crystal with composition Nao;ggLiO.lgs-A1203 was -
about one-fourth that of pure Nag-Al03, while the conductivity of
Ko.80Lig.208-A1203 was more than three orders of magnitude Tower than that
of pure K-gAlp03. Features ohserved in the Raman spectra Li-Na, Li-K, and

K-Sn g-aluminas were attributed to paired- and single-ion vibrations.

*Research sponsored by the Division of Materials Science, U. S. Department
of Energy under contract W-7405-eng-26 with Union Carbide Corporation.

*tGuest scientist on leave from Fuji Photo Film Co., Tokyo, Japan.



SODIUM ION CONDUCTCRS - NASICON AND Na-B-ALUMINA

U. v.Alpen and M.F. Bell, Max-Planck-Institut fiir Festkorperforschung,
D-7000 Stuttgart 80 - -
" R. Briutigam and H. Laig-Horstebrock, VARTA Batterie AG, Forschungs- und
Entwicklungszentrum, D-6233 Kelkheim

The purpose of this paper is to compare the behaViour of the two sodium-
'jon conductors NASICON (Na3Zr2$i2P012) and Na-B-alumina. Both materials were
in the form of small sintered discs and the B"-form of Na-B-alumina was sta-
bilised by the addition of éither magnesium or lithium oxide. The impedance
of the sinters has been measured between 25°C and 400°C and the complex plane
impedance diagrams analysed in terms of the ideal équiva1ent circuit-for a
sintered material. This allowed the separation of the bulk ionic conducti-
vity and the intergranular résistivity. The temperature dependence of these
components is presented and compared to literature values. It is shown that,
with these samples, the dc conductivity is dominated by the ionic motion in
" the bulk of the material. '

The stability towards sodium was also checked and the behaviour with so-
dium electrodes measured. 5
i
E

]

]
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SLOW . TRANSIENT PHENOMENON IN Y-DOPED CeO:*

C. K. Chlang, A. L Dragoo and A. D. Franklin

National Measurement Laboratory
National Bureau of Standards
Washington, D. C. 2023%

Four-probe dc conductivity measurements on some ceramic Y-doped CeO, spec-
imens exhibit & slow transient voltage under constant current conditions. This
transient has the characteristics of a diffusion-controlled process, with dif—
fusion coefficients typical ef solid state transport. The most probable
mechnanism appears to involve coupled diffusion of electrons and oXygen

vacancies, as earlier proposed in such materials by Fouletier et al. 1 and Wang

. .2
and Nowick™. The effect appears to be sensitive tq the microstructure and may

not be intrinsic.

¥Partially supported by the Department of Energy

lJ. Fouletier, P. Fabry, and M. Kleitz; J. Electroehem. Soc. 123, 20k
(1976). ' ‘

ZD. Wang and A. S. Nowick, Abstract No. 1L6, Extended Abstracts 78-1,
Electrochemical Society, Spring Meeting, Seattle, Washington, (1978).



‘region in the system Zr0,-YO

PB-11

ELECTRICAL CONDUCTION IN THE CUBIC FLUORITE PHASE IN THE SYSTEM ZrO2 -
01,5 7 10%s

C. B. Choudhary and E. C. Subbarao, Dept. Metallurgical Engineering,
Indian Institute of Technology, Kanpur 208016 INDIA

The cubic fluorite phase was found to exist in approximately a triangular

2~Y0) §-Ta0, 5 (Zr0,) 5, (Y0, ) g and (2r0,),, 5 YO; o)

(Tao In these solid solutions anion vacancy concentration in-

36.5 2.5)16.0'

creases with YO and decreases with TaO ' additions. Thus YO .
1.5 2.5 1.5 is a vacancy

generator and TaO is a vacancy annihilator. The lattice parameters of these

| 2.5 3+ bt +
solid solutions increase while Y replace Zr ions and decrease while Ta  re-

place Zr4+ ions., The electrical conductivity of the ternary compositions is in-
dependent of oxygen partial pressure in the range Py = 1 to 10—22 atm at 600

to 1200°C indicating the essentially ionic nature of conductivity. Temperature
variation of electrical conductivity follows the Arrhenius relationship indicat-
ing a single conduction mechanism in the range of composition, temperature and
Py employed here. 1In a series of compositions with a fixed anion vacancy con-

ce%tration which was achieved by matched additions of YOl 5 and TaO2 5 the iso-

thermal conductivities vary only slightly with ZrO2 content, On the other hand

isothermal conductivity varied in a complex manner with anion vacancy concentra-
tion when ZrO2 or Taoz.5 were fixed. These results are intérpréted in terms of
ionic ordering in the ternary system. It has been shown that the anomalous co1i—
ductiyity.behavior connected with ionic ordgring in thg binary system ZrO2 -
YOL5 is projected into the ternary system. The role of size and charge of the

competing dbpantions on the electrical behavior is examined.

*present address - Research and Development Centre
Steel Authority of India Ltd.
RANCHI 834002
INDIA
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IONIC CONDUCTION IN DOPED ZIRCONIA

D. K, Hohnke S
Research Staff, Ford Motor Company, Dearborn, Michigan 48121

The ionic conductivity of zirconia doped with aliovalent metal
oxides, Zr(M)Oz_x (x > v 0.08), decreases with increasing anion vacancy
concentration while thé activation energy becomes larger, typically changing
from 0.9 eV near x = 0.10 to 1.5 eV near x = 0.2. Plots of oT vs 1/T for
Zr(M)Oz_x with different dopant concentrations x therefore always show a
trend towards convergence at higher temperatures, i.e. toward a vacancy
concentrat?on independent conductivity co at temperature To.

The analysis of such data on the basié of the conventional
expression ¢T —~ A(x)exﬁ(—E(x)/kT) S$hows that the pre-~exponential factor

itself is an exponential function of E (or of x since E < x),

A(x) oQToexp(—E(x)/kTo). This relation déviates strongly from A(x) « X"
with n v 1/2 that is required'for theoretical models of ionic conduction
with vacancy-impurity association.

The significance of the empirical fel;tionship and its possible
interpretation will be discussed.- It will be shown tha; the ionic cﬁnduc—
tivity iu doped zirconia is described by ¢ = c'éxp-AG(x)/kT, g' is the
conductivity calculated with inclusion of nearest neighbor defect inter-

action; it is modified by exp-4G(x)/KT where AG(x) is a composition-dependent

free encryy.




OXYGEN-ION CONDUCTIVITY AND DEFECT STRUCTURE OF CeO2
~ DOPED WITH Ca0 AND Y203™
A.S. Nowick, Da Yu Wang, D.S. Park and J. Griffithi
School of Mines, Columbia University, New York, New York 10027, USA

Little is known about the detailed defect structure of the fluorite-type
oxides which are good oxygen-ion conductors. Toward this objective, we have
measured the ac conductance and parallel capacitance of various doped ceria
samples as functions of frequency and temperature from 20 Hz to 13 MHz.
Through the use of complex impedance plots, the true lattice conductivity can
be separated from electrode polarization and from grain-boundary effects.

The dependence of lattice conductivity on temperature and dopant concentration
has been studied, particularly at low dopant concentrations.

In the case of CaO-doped Ce0O the predominant defect is the Ca"-Va pair
in the nearest-neighbor configuration. The activation enthalpy of the lattice
conductivity is nearly a constant (0.92 eV) over the range from 1 to 15 mole %
Ca0.

The Y,03-doped CeO, shows very different results. First, o as a function
of Y703 concentration goes through a sharp maximum near 4 mole % Y203 while
the activation enthalpy increases abruptly from a value of 0.78 eV for con-
centrations less than 4% Y03, to values greater than 1.0 eV. Here one Vq
compensates for every two Y3* jons but cation immobility below 1000°C
presents the formation of completely compensated defects. By analysis of
these conductivity results together with comp]ementary data for anelastic and
dielectric.relaxation, a model is developed for the defect structure at low
concentrations of Y03.

* Supported by the U.S. Department of Energy.
! Now at General Electric Res. Dev. Center.

2 Now at IBM Components Div., Fishkill.
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ELECTRICAL CONDUCTIVITY IN CERAMIC SOLID SOLUTIONS OF ZrOZ—LnO] 59

WITH Ln=Gd, Nd.
T. van Dijk, K.J. de Vries & A.J. Burggraaf. Twente University of

Technology. Dept. of Inorganic Material Science, P.0O. Box 217,

7500 AE Enschede, The Netherlands.

The electrical conductivity in ceramic solid solutions of ZrO2 substi-
tuted with Gdol.Sor Nd01.5 is investigated at temperatures between 500 and
750°C. Complex admittance, DC and EMF (concentration cell) techniques are
used for analysis.

In these systems an ordered pyrochlorc phase is present arourd 50 at?

Gd (or Nd) and this phasestructure is closely related to the defect fluorite
structure. Bulk conductivities are separated from grain boundary conductivi-
ties by complex plane analysis and agree with our measurements on single
crystals. Bulk conductivities are not influenced by grain size in the range
‘between 0.2 and 25 um.

The conductivity as a function of Gd concentration reaches a maximum at
the composition Gd22r207. The conductivity value at the maximum is about the
same as those mentioned in literature for the maximum conductivity at low Gd
concentration. Contrary to the Gd substituted case, the conductivity at the
composition Nd22r207, reaches a minimum value.

In both substituted ZrO2 systems the preexponential factor o, as well
as the activation energy of conductivity decrease with increasing substitute
concentration, reaching minimum values at the pyrochlore composition Ln,Zr,0,.
The ionic transport number Tos determined between oxygen and air is one in the
=Gd01

system ZrQ In the system ZrOz-NdOI T, starts to decrease from one

2 .5° .5

at Nd concentrations above 45 atZ.
The conductivity results will be discussed in terms of defect and

urderiug pavainetenrs,
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EXPERIMENTAL STUDY OF IONIC CONDUCTIVITY IN Cu3VS4 (SULVANITE)

C.LEVY*, DySCHLEICH** and O.GOROCHOW
Laboratoire de Chimie Minérale et Structurale
4, Avenue de l'Observatoire - 75.270 - PARIS CEDEX 06 FRANCE
The mixed transport properties of Cu3VS4 were reported, and the ionic
contribution to the conductivity was deduced from the observed 'polarization'
of the crystal. The ionic contribution to the conductivity appears to be
appreciableA(l).
In attempting to determine the ionic conductivity, a blocking electrode
measurement was performed. All experiments were performed under ar;on, utili-
zing a cell consisting of a sandwich type arrangement.of Cu/Cu+ electrolyté

(25 / Cu3VS4 / Cu+ electrolyte./ Cu.

Measurements have been performed as a function of temperature at various
current densities and geometric arrangements in order to eliminate polarization
problems. Results of these measurements are compared to those previously obtained
for total transport. A complementary study of a cell with a Cu/Cu3VS4 /S+G

arrangement was examined in order to determine the transport number.

The discussion of the results will include correlations to the structure

and effects of non stoechiometry on electronic and ionic conductivity.

References

1 - H.ARRIBART, B.SAPOVAL, N.LE NAGARD and O.GOROCHOV. Sol.Stat.Com. 1978
2 - T.TAKAHASHI and O.YAMAMOTO, J.Electrocheém.Soc.I122, 1975, 83.

* Present adress : Laboratoire de Physique des Solides, C.N.R.S
1, place A.Briand - 92.I90 - MEUDON -

*¥% Present adress : Laboratoire PMC - Ecole Polytechnique -
92,120 - PALAISEAU -
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THE PHYSICAL AND CHEMICAL PROPERTIES OF COPPER S-ALUMINA

John A. Little, Lawrence Berkeley Laboratory, University of California,
Berkeley, California,‘94720. .
Derek 'J, Fray, Department of Metallurgy and Materials Science, Cambridge,

University, Pembroke Street, Cambridge, England

Sodium PB-alumina exhibits ion exchange with the cations of many molten
salts. Copper(I) B-alumina has been prepared by the electrolysis of a molten
cuprous chloride plus copper'mixture across a single phase sodium f-alumina. Thé
resulting B-alumina was chafacterized for lattice parameters and phase content
using an X-ray method and both the ionic and electronic conductivities were
measuted using both solid and molten salt electrodes.

An e.m.f. technique, incorpnrating the copper R-alumina solid electrolyte,

was then used to mecasure the thermodynamics of the copper and tin solutions of

copper-tin alloys in the range 800K to 1100K in the mole fraction XCu= 0.17 to

X = 0.74. The results obtained were in excellent agreement with previous deter-

Cu

minations,
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GIANT DECREASE OF Cu3VS4 ELECTRONIC CONDUCTIVITY IN IONIC SOLUTION

M. Rosso, H. Arribart, B. Sapoval and N. LeNagard, Laboratoire de Physique
de la Matiére Condensée, Ecole Polytechnique, 91128 Palaiseau, France

' . .. +
Cu3VS4 is a mixed conductor in which a small number of interstitial Cu
ions can move with high mobility through crystallographic channels and partially

compensate the basically p-type electronic semiconductor.?

We report a large decrease of electrical conductivity observed in Cu3VS4
monocrystalline samples when immersed in ionic soiution, in particular in acid,
at room temperature : We observe changes of up to'six orders of megnitude in
half-an-hour in HC1 0.1 N. The decrease is achieved after a time depending on the
nature and éoncentration of the solution, sample size and preparation,'but the
" final conductivity, of the order of ]0—6 Q_l cm_] is the same for all the

samples and solutions which have been tried.

We show that this change is a change of the electronic conductivity in the
bulk of the material. In the final state the electronic and ionic conductivity
may be of the same order of magnitude. We believe that this conductivity
decrease is due to a compensation of the semiconductor by cations H+(H30+) in
the case of acid, which enter the sample énd diffuse through the crystallo-
graphic cﬁannels. The same number of electrons fill the empty states of the
- valence band causing a decrease of the number of conducting holes. According to
this modél,'in the final state, the semiconductor is completely compensated &nd
we observe the intrinsic conductivity of the material. As in the case of
"normal" Cu3VS4 it is;pbssible to decompensate the semiconductor by applying a

D.C. current of intensity larger than ! pA.

1. Arribart H., and Sapoval B. Proc. Int. Conf. Physics Semiconductors,
Edinburgh, 1978, p. 573 (Institute of Physics).
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THE ELECTRICAL CONDUCTIVITY AND CRYSTAL STRUCTURES OF
POLYAMINE IODIDE/SILVER IODIDE SOLID ELECTROLYTES

M. M. Thackeray, National Physical Research Laboratory, CSIR,
P 0 Box 395, Pretoria 0001, South Africa.

J. Coetzer, Same as above.

During the past decade there has been considerable interest in
Agl-based solid electrolytes because of their anomalously high ionic
conductivity at room temperature, In these electrolytes conduction

- occurs by the migration of Ag+ ions through continuous chanrels of
face-shared I~ polyhedra (generally tetrahedra).

This paper reports the ionic conductivity of five quaternary
polyamine iodide/silver iodide solid electrolyte systems (for example
N,N,N,N',N',N'—Hexamethyl—l,2—ethylenadiamine diiodide/AgI).
Conductivity maxima of these double salt systems vary from 0.023 to
0.109 (7-1cm-1 at 20°C for electrolyte phases containing between 91.5
and 97.0 "/o Agl.

A description of the crystal structures of six individual . phases
isolated from these solid electrolyte systems is given. On the basis
that a structure must contain continuous channels of face-shared I
polyhedra for it to be regarded as a solid electrolyte, each of the
six structures can be classified either in terms of representing a
non conducting phase, a two--dimensional or a three—dimensional solid

electrolyte.




TRAﬁSIENT CURRENT IN THE CELL, © CulCull GRAPHITE @

Takao Wada anva.Bruce Wagner, Jr.*

Faculty of Engineering, Mie University, Tsu, Japan

*Center for Solid State Science, Arizona State University, Temp, Arizona.

When the cell is at steady state under an applied potentisl E1, and a
new voltage E, is supplied abruptly, where E»>E; and both are below the decompo-
sition potential, there is a transient current due to the redistribution of
electronic carriers and movement of ions. The theoretical curve of hole
currents versus time, which is obtained by using Wagner's formula indicates
an exponential increase form an initial steady state current to a final
value. However, the experimental plots of log current versus time show a
decay curve and has an inflection point.

An initial ionic tfansport establishes a composition gradient through

PR ¢ . .
the iodine ); because the graphite electrode suppresses the ionic current.

A potential distribution in the slab of Cul is given by,l)
. eE] . :
L(x)= - zT ln[l—(LLX)(l-e— XT ) where L is the length of the sample,

F the Faraday constant and X the distance from the graphite electrode. The

potential variation (Ej1-Ep) at x=0 produces a high density domain of ionic
. i - ‘ . E1-E2)F
carriers Nj; corresponding to the activity of metallic copper, ame” i—lﬁTgL—.
cu”™

These ionic transport is expressed by the continuity equation. The solution

. . Ni -UiESt) 2 : : . :
is written by GNi(Xrt)=‘_Z;§;_ exp [~ iEZ%%Ez_L - %i] where D is the diffusior

constant of ions, Ui the ionic mobility and Ti the effective lifetime for
ionic carriers. The solutioh suggests that the ionic domain continuously

moves through the cell. The drift mobilities of copper ion in Cul are obtained
from the inflection point, being in good égreement with the experiments by ‘

. the other method.

1) M.H.Hebb, J.Chem. Phys. 20 185 (1952)
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HOLE CURRENT-VOLTAGE CHARACTERISTICS IN @ CulCul|GRAPHITE @

Takao Wada and J.Bruce Wagner,Jr*
Faculty of Engineering, Mie University, Tsu, Japan

*Center for Solid State Science, Arizona Staté University, Temp, Arizona

'The steady state hole current in the cell, Cu|Cul (CuCl)| graphite(+),
as a function of the applied voltage E is experimentally obtained to be
I@ = %%é’O; [exp(%%ﬁﬂ—l] where 0; is the conductivity due to holes in CuX,
L the thickness of a sample, A the cross-sectional area, F the Faraday
constant and n an empiricalhfactor. At lower applied voltages, n~] for
various temperatures. However, at higher voltages of E>~0.2V and below the
decomposition potential, the values of n varies from 1.4 to 2.9, depending
upon the temperature.

An initial transient ionic transport establishes a composition gradient

through the iodide, because the graphite electrode suppresses the ionic

current. A potential distribution in the slab is given byl)
X cE . . . ‘ .
z(x)=- Ezln[l—(L x)(l—e KT')]. Then ,the potential drop is concentrated in

a thin elayer at the graphite electrode. When the electric field becomes
sufficiently high in the thin layer, it may be expected that a tunneling
process is involved. In the case that the factor n changes largely for

all - types of heterojunctions, the forward V-1 characteristics due to
"tunneling over a range of temperatures is empirically given by the equation?'
I=Ioexp(T%—)exp(¥6)v (1). In our experiments, the relationship of qu is
satisfied at the rmonstant fields of 0.34, 0.32, 0.30 and 0.28eV for CuT,

(0.7, 0,68, 0.66; 0.64 and 0.62v for cull).

1) M.H.Hebb, J.Chem.Phys. 20 185 (1952)
2) P.C.Newman: Electronics Letters 1 365 (1965)
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VOLUME OF ACTIVATION FOR FAST IONIC CONDUCTION -
"A PROPOSITION FOR SOLID AND MOLTEN SALTS

B. Baranowski, A. Lundén,

Institute of Physics, Chalmers University of Technology, GSteborg,
Sweden A
Institute of Physical Chemistry, Polish Academy of Sciences,

Warsaw, Poland

Basing on reasoning of the absolute rate theory we propose a pheno-
menological approach to the volume of activation in cases where the energy of
activation is comparable with the mean thermal energy. If the temperature of
-absolute zero is the starting level, the volume of activation AV? at '

temperature T for a mobile ion should be equal:

. VTi‘"iT .
S e | o, T » . ' (1)

where VTi and oy denote the molar volume and the mean thermal expansion
coeffiulént. .
As mostly the partial quantities are not easily available for a salt

" composed of two ions the following approximation' seems reasonable

P (2
. 2T+ aT )

where Vp and @ mean here the molar volume and the mean thermal expansion
coefficient for the salt.
Formula (2) has been applied to several solid and molten salts, giving

mostly results not worse than 20% deviation from experimental values.




KINETICS OF GAS-SOLID AND SOLID-SOLID REACTIONS IN ZIRCONIUM PHOSPHATE*

A. Clearfield and P. Jirustithipong, Chemistry Department, Texas A&M

University, College Station, Texas

Zirconium phosphate, Zr(HPO4)9°Hp0, is an ion exchanger with a layered
structure.l In the anhydrous form it is capable of reaction with solid metal

halides as in eq. (l).2
(1) Zr(HPO4) 9 + XMCly —— ZrMHy_;(PO4) o + nx HC1(g)

When M = Na+, compounds are formed with x = 0.2, 0.8, 1 and 2, The reactions
are diffusion controlled being slow for the forward direction and rapid in the

reverse direction. For the reaction
(2) Zr(NaPO4), + HC1 —— ZrNaH(P04)2 4+ NaCl
the data could be represented by the equation
' 1.
(3) F= (1+B)[1 - exp(T/g2) erfc(T/g2) %

where F = frgctional equilibrium attainment, T = Dt/zZ, £ = particle thickness,
B = final fraction of exchange. Diffusion coefficients (Dt) range from 1.7 x
10~15 at 140°C to 2.7 x 10714 cm2/sec at 222°C (Dp = 2.6 x 10'8) cm?/sec. Fur-
ther reaction of ZrNaH(P04)2 with HCl occurs at similarly fast rates.

The slowness of the forward reaction is attributed to Nat transport being
restricted.to mbve parallel to the layers. Thus, the surface area for the for-
ward reaction is about 1%6 that of reverse reaction as protons are not so
restricled Iin their transport. A small sodium-sulfur battery was constructed

using Zr(NaPOy)o as membrane.

*Supported by Materials Science Division, National Science Foundation
lA. Clearfield and C. V. Smith, lnorg. Chem., ¥, 431 (1969).
’A. Clearfield and J. M. Tfoup, J. Phys. Chem., 74, 2578 (1970).
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DETERMINATION OF DIFFUSION COEFFICIENT OF SOLID ELECTROLYTES ’
FROM MEASUREMENTS ON POLARIZATION CELLS*

E. Prasad, M. Sayer and J. Corey

Department of Physics, Queen's University, Kingston, Canada.

A simple model is described for the study of polarization

|

\

|

‘ kinetics of cells of type Me/MeX/Blocking Electrode which can explain

| some of the experimental observations. The application of this model is

demonstrated by measurements on a superionic material in the system

| AgI-Ag4P207. The results indicate a lumped impedance behaviour due to
diffusion process. The usefulness éf this model is shown by effectively

l isolating the various contributions due to diffusion, double layer and

electronic conductivity.

|
|
' *Supported by the National Science and Engineering Research Council of Canada.
|
|
|
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CHEMICAL DIFFUSION IN MULTICOMPONENT SOLIDS
S. R. Shatynski, Dept. of Materials Eng., Rensselaer Polytechnic Institute

Troy, New York 12181

Fast ion transport in ionic solids is generally reflected by the corres-
ponding high values of the appropriate diffusivities. The chemical diffusion
coefficient, determined from interdiffusion, hés been related to the tracer and
intrinsic diffusion coefficients. In the past when considering such relation-
ships, the assumption was made that'the cross terms of the mobility tensor are
negligible. In many cases, however, it is necessary to include these inter-
actions which are reflected in the cross terms. By use of the interaction par-
ameter the so-called thermodynamic factor can be well-characterized. 1In a like
manner, a kinetic interaction factor is introduced to reflect the modification
of kinetic parameters. The importance o6f thuse intersctions has heen demon-
strated for many multicomponent systems of practical interest. By using the
thermodynamic and kinetic interaction parameters, it is possible to malliemat
ically relate the interatomic interaction of ‘all the diffusing species to ex-

perimental values commonly measured.
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-INTERACTING BROWNIAN PARTICLES IN A PERIODIC MEDIUM

‘A. R. Bishop, Los Alamos Scientific Laboratory

W. Dieterich, Universitit Stuttgart, Fed. Rep. of Germany

I. Peschel, Freie Universitidt Berlin, West Berlin

In superionic conductors a situation can arise where the motion of ions

"cannot be described in terms of a discrete hopping process. For treating the

lowv-frequency dynamics we employ a liquid-like model defined by a diffusion
equation (Smoluchowski-equation) for many pérticles-subject to pair forces
and to a periodic single particle force due to theAregular arrangemeat of
counterions. '
Various approximation schemes are used to study the dynamic structure
factor and the frequency-dependent conductivity. First, we present a quali-
tative discussion based on a time-dependent mean-field approximation. We find
that the conductivit& depends sensitively on the interplay between the
periodicity of the lattice and those wave vectors which characterize the
short range order induced by the pair forces. Secondly, the results of the
time dependent mean field approximation are tested against exact results for
a one—dihehsional hard-core model.1 Thirdly, an approximate method2 is used
which relates the dec-conductivity to the spatial variation of the particle
density. Numerical results are given for moderate densities and various forms
of the pair potential.
Ty, Diéterich, I. Peschel, Physica 95A, 208 (1979)

5. E. Trullinger et al., Phys. Rev. Letters 40, 206 (1978)
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STATICS AND LOCAL DYNAMICS OF SUPERIONIC CONDUCTORS NEAR THE PHASE
TRANSITION

A. Bunde, Theoretische Physik, Universitdt, Saarbriicken, W-Germany

The statics and dynamics of superionic conductors are investigated by means
of a Hamiltonian, which takes into account the mutual interactions of the mo-
* bile ions and their interaction with the cage ions. The Hamiltonian is written
as a function of the local dénsity of the mobile ions on its available inter-
stitial sites ain cell 1, Nia’ of the displacements of the cage ions QiB as
well as the corresponding momenta.

The time independent density-density and displacement-displacement corre-
lation functions are calculated within MFA. It is shown that those correla-
tions which are connected with the order parameter are divergent at the sta-
bility limits of the ordered and disordered phase and stay finite at Tc‘ ,
Wher the mobile ions are coupled to acoustic phonons, the elastic constants
shdw a softening at Tc when the coupling strength is large. When the coupling
is weak no anomalous behaviour is observed. ‘

The time dependent correlations have been calculated within Mori-theory,
taking the local density Ni,a and the phonon coordinates of the cage as re-
levant variables. The T- and kdependence of the dynamic correlation functions
and especially the dispersion relations for the coupled modes are discussed.
When the coupling is acoustic and the transition is of second order a Z-branch
in the central peak dispersion near the critical temperature is found. In
contrast, when the transition is of first order this Z-branch is hard to see.
The frequency dependent conductivity is also discussed. It is pointed out
that the local relaxation of the mobile ions between neighbored interstitial
sites may cause the peak in the microwave region which has been measured by
Funke et al. '
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FREQUENCY DEPENDENCE OF HOPPING CONDUCTIVITY*
Peter M. Richards, Sandia.Labs,T Albuquerque, NM 87185

We présent calculation of the frequency dependence of hopping conduc-
tivity o(w) in two simple but non-triviel models. Although it has been
recognized.l’2 that o(w) must increase with w in a pure hopping model, we are
aware of no previous explicit analytic results, although numerical computa-
tions have been performed on finite chains_.2 The first model (i) consists of
two inequivalent sites A and B in an arbitrary two sublattice structure for
which the particles are non-interdcting except for hard core repulsions which
prevent double site occupancy. The second (ii) is a one-dimensional (1D)
lattice with equivalent sites in which there are nearest neighbor interac-
tions as well as the double-site-occupancy exclusion. Results are valid for
arbitrary particle density ¢ in (i) but are restricted to low density in (ii)
where we compute o(w) up to and including terms of the order of p3[®(p3)];

In either model o(w) has the form o(w) = o(=) - 9152—%—5191 with o(®) > ¢(0),
: l+wT

and explicit exprecsiona are giveu for o(®), o(0) and the characteristic time

T. For equivalent sites in (i) or for @(pg) in (ii) o(w) is independent of w.

*Work supported by the U. S. Dept. of Energy under Céntract DE-ACOL-76DP00789.

TA Department of Energy facility.

1. W. Dieterich, I. Peschel and W. P. Schneider, Commun. on Phys. 2, 175
(1977) -

2. J. C. Kimball and L. W. Adams, Jr., Phys. Rev. B 18, 5851 (1978).

L
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ORIGIN OF THE TWO-LEVEL SYSTEM IN SUPERIONIC CONDUCTORS

Edward Siegel, Ashway Ltd., 295 Madison Avenue, New Yérk,N.Y.lOOZB

The erigin of the two-level (or multi-level) system, discovered by
Anderson1 to apply to superionic conductors as well as to glasseszat low
temperatures, is discussed, Forward scattering, very low wavevector structure
in the static VanHove correlation function, the structure factor S(k), for the
system causes small, low wavevector roton-like minima with associated maxima
in the collective boson (liquid phonon) dispersion relationi, in addition to
a more prbnounced roton-like minimum at high wavevector., Each roton-~-like
minimum and associated meximum will be a point on the liquid phonon dispersion
relation where the iiquid phonon group velocity goes to zero. As such, each
will produce a peak in the density of states in energy. These peaks, at least
from the low wavevector structure in S(k),will be at low frequency and have
a low frequency differences The peak originating from the high wavevector
regime in S(k) associated in a crystal with the Brillouin zone boundary,
iff wavevector is a well defined quantum number in that regime, will fall at
whatever frequency the roton-like minimum in the dispersion relation appears
at. This latter roton-like minimum, with its associated density of states peak,
will be severly broadened via liquid phonon anharmonicity and can only constit-
ute one level, however, the broadening could make it appear as a group of lev-

els, Application to alkalrue-@lumina superionic conductors will be-made.

1A.C,Anderson-priva.te commumnication,
2 P.w.Anderson,B.I.Halperin and C.M.Varma, Phil.Mag. 25,1 (1972)

3 E.Siegel, Int'l, Conf, on Lattice Dynamics,Paris (1977)-to be published



PB-29

EFFECTS OF ABSORBED WATER ON NMR LINESHAPE AND T; IN Na B"-ALUMINA*

David C. Ailion and Cecil E. Hayes,‘Depaftment of Physics, University
of Utah, Salt Lake City, Utah 84112

We have performed NMR observations of both lineshape and spin lattice
relaxation time T, at 24 MHz of Na in Na B"-alumina powdér containing
different amounts of water. For samples exposed to 100% humidity, our
measurements indicate that water rapidly penetrates the conduction plane on a
microscopic scale. We observed that absorbed water results in a greatly
reduced linewidth and correspondingly reduced quadrupolar interaction at each
23Na nucleus. Furthermore, the presence of water changes the Na spin lattice
relaxation time. Exposure to moisture changes the nature of the lineshape
from that due to a second order quadrupolar broadened powder to that due to a
simple dipolar broadened system. Partial drying of the powder at highér
temperatures restores the original quadrupo]ar'broadened line structure.

Even for partially dried samples exhibiting the original fully quadrupolar-
broadened lineshape, our T; measurements still showed effects from the small
amounts of remaining water. In particular, the temperature dependence of T,
of powder dried at 250°C yields a lower activation energy for motion and a
broader T; minimum than for a dry sample,

Immersion of powdered Na g"-alumina in water strongly effects the Na
NMR Tineshape within minutes. The immersion process also leaches out some of
the sodium. Water completely penetrates bulk $intered samples as well, but.
requires weeks to do so in these samples, instead of the minutes required in

powders.

*Supported by the National Science Foundation, Grant #DMR-76-18966.
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Al27 NMR IN SINGLE CRYSTALS OF S-ALUMINAS“

J. L. Bjorkstam, University of Washington, Seattle, Washington, USA

M. Villa, Institutovdi Fisica ed Unita GNSM di Pavia, Pavia, Itaiy

The first- and second-order quadrupolar shifts of Al27 in single
crystals of M-B- aluminas (M = Li, Na, K, Ag, Tl and NHq) have been studied
as a function of crystal orientation in the magnetic field. The various
spectral lines have been assigned to different crystallographic aluminum
positions. The Al27 spectrum is scarcely affected by changes in temperature
and cationic substitution. Instead, -its saturation behavior is drestically
aitered by both factors. This indicates that the spin-lattice relaxation
rates-of A127 ére strongly affected by the motion of ions in the mirror
plane. As a function of temperature,'the A127 relaxation rates go through
é maximum, the position of which can be related to the mobility of ions in
the mirror plane.

The reasons why Al27 relaxation rates are a rich and reliable source

of information for ion motion in the plane will be discussed.

“Supported in part by Fondazione Della Riécia, Firenze, Italy, and by NASA,
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EVALUATION OF CATION DISTRIBUTION IN Li/Na B-ALUMINA
» FROM FIRST-ORDER QUADRUPOLAR NMR SPECTRA.
A. Highe and R. W. Vaughan, California Institute of Technology, Division

of Chemistry and Chemical Engineering, Pasadena, California 91125

In an earlier 7Li NMR study of 1ithium—exchanged Na—B—aluminal we observed
and reported first-order quadrupole effects on room temperature lithium spectra.’
These data indicated an averaged electric field gradient which was strongly
dependent on exchange concentration with values of equ/h ranging up to 17.0 kHz
for a 91 mole 7% lithium-exchanged eample. This paper reports results of low-
and intermediate-temperature measurements of the quadrupole interactions in
single crystals of lithium-exchanged sodium B-alumina. Interpretation of the
low temperature data (~85 K) indicates that the lithium motion is effectively
frozen out and the presenee of three independent EFG tensors can be identified.
These tensors are independent of lithium exchange, and they have been correlated
with theoretical tensors calculated for various sites in B-alumina, based on a
simple point—charge model. Samples with different exehangeconcenfrationsdiffer
in their relative population of sites inferred from the ebserved intensities
of lines forming the EFG rotation patterns. In addition, intermediate tempera-
ture data is allowing detailed characterization of the lithium motion among

these sites.

lA. Highe and R. W. Vaughan, J. Chem. Phys. 69, 4206 (1978).
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ac CONDUCTIVITY AND NMR RELAXATIONS IN IONIC CONDUCTORS
K.L. Ngai, Naval Research Laboratory, Washington, D. C. 20375

The ac conductivity of Na B-alumina has been studied recently by several
groups. The combined frequency and temperature dependences of the ac conducti-
vity O have not yet been understood adequately. Qualitatively, at the lowest
frequencies w, o(w) ~ wn, the exponent n is <close to unity at cryogenic temper-
atures but its value decreases and approaches zero as the temperature is raised
towards room temperature.

We shall point out that these anomalous behaviors stated here are not
unique to Na B-alumina, but prevalent in almost any dielectrics that have hop-
ping charges whether elcectrons or ions. Examples will be given. We have re-
cently advanced a general theoretical modell’2 that ciplores the origin of the
universal dielectric respoﬁse of condensed matter. This model will be
specialized to the jionic conductors to explain the anomalous combined frequency
and temperature dependences of o(w). ‘The physical origin of these dependences
is traced to the existence of a class of correlated state excitations in ionic
conductors. Most recent data on Hollandite will also be presented and dis-
cussed in conjunction with that of Na B-alumina. -

On the same physical basis we have extended our theory to account for
NMR spin—lattiée relaxations in ionic conductors. The frequency and tempera-
ture dependences of 1., the spin-lattice relaxation time, are calculated.

The discrepancy of thé attempt frequency determined from NMR relaxation mea-
surements with that determined by other methods can be explained in our model

calculations. Comparisons of theory with experiment are made for Na B-alumina.

lK.L. Ngai and G.T. White, NRL Memo Report 3863 (1978).

2K.L. Ngai, A.K. Jonscher and C.T. White, Nature 277, 185 (1979).
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PROTON MAGNETIC RESONANCE IN
NH,-B AND NH,-B" ALUMINA

A. R. Ochadlick, Jr.*, W. Bailey, and H. S. Story, State University
" of New York at Albany, Albany, NY, USA.

G. C. Farrington and J. Briant, General Electric Research and

Development Center, Schénectady, NY, USA

H! NMMR studies of NH4-B and NH,-B" single crystals and NH,-B polycrystél-
line samples are being made from room temperature to LNT. Wide line NMR data

characterize the second moment dependence on crystal orientation and tempera-

‘ture. In NH,-B, two spectral lines have been indentified. A broad line or-

iginates from a reorientation motion of protons in the NH,* ion. A narrow
line, present above -30% may be a precursor to the motion associated with
NH3 loss from the sample which occurs at 350°C. Pulsed NMR methods to de-
lineate Tj dependeﬁce on crystal orientation and temperature are in progress.
The paper will réview preparation, composition, and thermal stability data

on these materials.

* Permanent address: Naval Air Development Center, Warminster, PA.
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CONDUCTIVITY MECHANISMS IN THE SUPERIONIC PHASES

OF AgI AND AgZS AS DETERMINED BY NEUTRON DIFFRACTION
R. J. Cava; Ceramics, Glass and Solid State Science Division, National
Bureau of Standards, Washington, D.C. 20234 o
F. Reidinger, Department of Energy and Environment, Brookhaven National
Laboratory, Upton L.I., New York 11973
B. J. Wuensch, Department of Materials Science and Engineering, MIT,
Cambridge, Massachusetts 02139

Careful neutron diffraction measurements on single crystals of the
silver conducting BCC phases of'AgI and AgZS were performed at temperatures
between 160 and 325 °C. They show that although the anion frameworks are
the same, the distribution uf the mobile silver ions differ markedly, due
to different cation concentrations and cation-anion bonding characteristics.
In aAgI the observed silver probability density duplicates precisely the
reported activation energy of .06 eV at the saddle point between nearest
neighbor tetrahedral sites: indicating that nearést—neighbor jumping of
independent atoms, with a distance of about 1.78A, is the basic step in
the diffusion process. In AgZS the observed silver probability density is
much more diffuse, even though the reported activation energy for diffusion
is approximately a factor of 2 larger than that for cAgI. This is inter-
preted in terms of significant positional disorder of the silver ionms,

and significant silver-silver interaction, favoring a "caterpillar" type

mechanism for silver ion motion,
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NMR AND NEUTRON DIFFRACTIbN STUDIES OF MIXED CONDUCTORS Li, MPX3
Y. Chabre, P. Segransén, C. Berthier, Laboratoire de Spectrométrie
Physique', U.S.M.G., B.P. 53X, 38041 Grenoble-cédex, France

G. Ouvrard, Laboratoire de Chimie Minérale+, Université de Nantes,

44037 Nantes-cédex, France

Earlier NMR measurements on the mixed conductors LixNiPS3 (1) (prepa-
red by the n-buthyllithium technique) indicated a very low mobility of lithium
“13 op? 5-1), in contrast with the

(2). At the same time, the

atoms at thermodynamic equilibrium (D 2 10
good electrochemical activity of these compounds
study of change in electronic and magnetic properties of the host s a func-
tion of intercalation rate revealed the appearance of a new phase for x values
1§rger tban 0.5.
.Similar experiments performed on electfochemically intercalated com-
pounds demonstrate the same behaviour as far as lithium mobility and the ;
change in magnetic properties are concerned. The nature of the second phase
(x > 0.5) and the lithium sites occupancy (x < 0.5) will be discussed in
light of new NMR and neutron diffraction results. NMR measurements have also
been extended to similar compounds LixMPX3 (M= Ni, Pe, Mu, X = S, Se) and

reveal a very different behaviour of sulfur and selenium compounds. |

*Laboratoires associés au C.N.R.S. '

1C. Berthier, Y. Chabre,AM. Minier, Sol. State Comm. 28, 327 (1978) » l
2A. Le Mehauté, G. Ouvrard, R. Brec, J. Rouxel, Mat. Res. Bull. 12, 19N

(1977)

A. H. Thompson and M. S. Whittingham, Mat. Res. Bull. 12, T4 (1977)
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ANION DISORDER IN TWO FLUORITES AT HIGH TEMPERATURES AS DETERMINED BY
NEUTRON DIFFRACTION

M.H. Dickens*, ‘W. Hayes*,"M;T."HutChings+ and C. Smith=*

Clarendon Laboratory, Parks Road, Oxford, OX1 3PU, U.K.
+ Materials Physics Division, AERE Harwell, Didcot, Oxon., OX11 ORA, U.K.

The fluorite structure compounds strontium chloride, SrC12, and lead_
fluoride, PbFZ, exhibit diffuse transitions at temperatures Tc’ ~1000K and
~700K respectively, above which the conductivity increases to a value almost
that of the molten salt. The high conductivity is due to the mobility of
the anions and above TC there exists a correspondingly high degree of dis-
order in the anion sublattice. The conduction mechanism which has usually
been postulated at low temperatures involves Frenkel defects in which an
anion is displaced to populate the normally.vacant cube-centre interstitial
site, but the relevance of this site at high temperatures when the defect
concentrations are high has been questioned as a result of recent model
calculatiOns(l)(z)n In order to study the time-averaged structure of the
disordered anions, powder and single crystal neutron diffraction experi-
ments have been carried out on these two compounds at temperatures up to Tc
and above. The powder and single crystal data for SrCl2 give very similar
results. In PbF2 the powder data proved to be unreliable due to sintering
of the sample; however, the single crystal measurements were successful.
For both compounds the data show a dramatic increase in the anion Debye-
Waller factor and in.the effects of anharmonicity in the region of Tc“

Analysis of the data on SrCl, indicates that only a small proportion of

2
anions, -3.5%, leave each regular site in the high temperature disordered
phase. In PbFz, however, this figure is found to be much 1arger, ~21%.
The preferred location of these displaced anions will be discussed.

(1) M. Dixon and M.J, Gillan, J, Phys, C. 11, L165 (1978).
(2) M.J. Gillan and D.D. Richardson, J. Phys. C. 12, L6l (1979).

o
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INVESTIGATION OF ANION MOTION IN FLUORITES AT HIGH TEMPERATURES USING
’ NEUTRON QUASIELASTIC SCATTERING

M.H. Dickens*, W. Hayes*;‘M;T;'HUtChings+, J. Kjemsgland C. Smith*

Clarendon Laboratory, Parks Road, Okford, 0X1 3PU, U.K.
+ Materials Physics Division, AERE Harwell, Didcot, Oxon., OX11 ORA, U.K.
§ Department of Physics, Risg National Laboratory, DK-4000 Rgskilde, Denmark.

Strontium chloride, SrClz, and calcium fluoride, Can, each exhibit a
diffuse transition to a state of high ionic conductivity at a temperature Tc,
~1000K and ~1430K respectively, arising from a dynamic disorder in the anion
sublattice. In order to obtain information on the anion diffusion at elevated
temperatures we have carried out low energy transfer (quasielastic) neutron
scattering experiments on single crystal samples of SrCl2 and Can, The
measurements were made using high resolution (~0.1 meV) triple-axis spectro-
meters. The quasielastic scattering is observed to develop about 100°C below
Tc,and as the temperature is raised through Tc and above , the integrated
intensity increases in parallel with the degree of disorder in the system esti-
mated from the disorder heat content. At elevated temperatures, the areas of
reciprocal space where strong quasielastic scattering is observed fall on a
shell of radius ~2R-1 with maximum intensity in certain regions,for example
around the (2.3,0,0) and (1,2,2) points. The strong wavevector dependence of
the intensity suggests that the scattering is coherent in nature, and this
has been confirmed by isotopic substitution ekperiments on SrCl2 and by the
fact that the scattering from CaF2 is intrinsically coherent. The Lorentzian
energy widths above Tc’ typically 0.5 meV in SrCl2 and 3.0 meV in CaF2 (FWHM)
are of the same-order as estimated from the diffusion con3stants; however, the
variation with temperature is much weaker than expected. Qualitative
interpretation of our results suggests a model of a dense anisotropic liquid

for the mobile ions.
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NEUTRON DIFFRACTION STUDY OF Cu6PSSBr AT 293 K AND 473K

"W.F.Kuhs, Kristallogr.Institut, Hebelstr.25, D-78 Freiburg, FRG
G.Heger, IAK I, Kernforschungszentrum,Postf., D-75 Karlsruhe,bFRG

There are two different ways of describing the crystal struc-
ture i.e. the scattering density distribution of fast Ag+— and
Cu+-conductors. One trcats the thermal motions of the ions in a
harmonic approximation; this treatment necessitates a splitting
of the occupancies in two or more locations. The other, signifi—
cantly better way is the anharmonic treatment, as shown by Cava
ct élj for a~AgI and as will be shown for a-CuGPSSBr.

Cu6
tes". Various ordered structures of low symmetry nccur; at higher

PSSBr belongs to a new family of structure: the "argyrodi-

temperatufes the argyrodites become cubic with disordered cation-
sublattices. Cu PS.Br crystallizes at room-temperalure in the
disordered phase (Tc: 268 K) and shows a distinct cut-conduction
(0, ,: 1.5+ 107 (@em) ™! at 293k, 1.2 + 107> (9em) ™' at 473K) .

Neutron diffraction measurements were conducted at 293 K and
473 K, Least-squares refinements were carried out, using the pro-
gram of Finger &Princez, which allows the refinement of third and
fourth order thermal tensors. The calculations show, that the
Cu-density distribution must be described, using the harmonic ap-
proximation, by at least two Cu-positions. In the anharmonic
treatment this distribution is éompletely accounted for by highe:r
order thermal tensors of only one Cu-position; they indicate a
severely anharmonic motion of the cut. Particularly remarkable
are the large harmonic and anharmonic thermal parameters of the
anions; they indicate an important contribution of the anion-mo-
tions to the cation—conduction.

1 R.J.Cava,F.Reidinger & B.J. Wuensch (1977),Solid State Comm. 24, 411
2 L. w Finger & E.frince (1975),NBS Technical Note 854

N
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e

SINGLE PARTICLE EXCITATIONS IN RbAg4I5

: ' *
S. M. Shapiro, Brookhaven National Laboratory, Upton, New York

11973 .
M, B. Salamon, University of IllinoisT Urbaﬁa, IL 61801

In an inelastic neutron experiment on RbAgAI5 a broad quasielastic

peak was observed throughout Q—space.1 ‘As the temperature was lowered the
quasielastic peak became a broad propagating excitation with Hw v 2.2 meV.l
This excitation was measured along several symmetry directions and it
exhibited little dispersion. This confirms that the original idea of a
single pérticle excitation corresponding to the Ag+ ions moving withiﬁ a
potential well created by the rest of the lattice. The temperature dependence
_of this excitation is consistent with the calculations of Geisel where the

line width is determined by the interaction of the mobile ions with the

other phonons of the lattice.2

* Research at Brookhaven supported by the Division of Basic Energy Sciences,
Department of Energy, under Contract No. EY-76-C-02-0016.
T Supported in part by NSF Grant No. DMR 77-23999.

1. S. M. Shapiro, D. Semmingsen and M. B. Salamon. Lattice Dynamics,

editor, M. Balkanski (Flammarion, Paris 1978) p. 538.
2. T. Geisel, ibid, p. 549.
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NMR AND CONDUCTIVITY STUDIES OF IONIC TRANSPORT IN LaF3

A.V. Chadwick, D.S. Hope, G. Jaroszkiewicz, J.H. Strange

Faculty of Natural Sciences, University of Kent, Canterbury, Kent, UK

We have shown that a powerful tool in the identification of diffusion
mechanisms in ionic crystals is the combination of nuclear magnetic

resonance (N.M.R.) and electrical conductivity techniques.

(1]

In recent work we have used this method to study alkali halides

[2]_

A particularly interesfing application of this

~and alkaline fluorides
[3,4]
2 .

approach was shown in our study of the "superionic" region of PbF

The present paper reports the extension of our work to the study of
LaF3.
detailed analysis of the transport properties somewhat difficult. We have

measured the 19F N.M.R. relaxation times Tl’ T2, Tlp over a wide temperature

LaF3 has a relatively complicated crystal structure which makes a

range in single crystals of LaF3. Parallel conductivity studigs of these
same crystals have also been made.

The conductivity results appear relatively simple in that they break
down into identifiable intrinsic and extrinsic regions. A strong anisotropy
has been observed. Also, large polarization effects have been found which
possibily originate from a surface oxide layer. The N.M.R. relaxation times
show a comﬁﬁcated dependence on temperature, This has been analysed in
terms of two types of fluoride ion motion. \

A comprehensive analysis of the results will be reported.

1. Hoodless, I.M., Strange, J.H., and Wylde, L.E. (1973) J.Phys.C., 34, 9.

2. Figueroa, D.R., Chadwick, A.V., and Strange, J.H., 1978, J.Phys.C.,
Solid State Phys, 11, 55. | -

3. Carr, V.M., et al., 1978, J.Phys.C. Solid State Phys., 11, L637.
4. Gordon, R.E. and Strange, J.H., 1978, J.Phys.C. Solid State Phys., 11, 3213
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THE ANIONIC CONDUCTOR PbSnF4

STUDY OF THIN FILMS AND CERAMICS

e G. Couturier, Y. Danto, J. Pistré and J. Salardenne
| Laboratoire d'Electrotechnique et Physique du Solide
C. Lucat, J.M. Reau and J. Portier
Laboratoire de Chimie du Solide du C.N.R.S.

Université de Bordeaux I, 351, cours de la Libération
33405 Talence (France)

S. Vilminot

Laboratoire de Chimie Minérale Appliquée, E.N.S. Chimie

34075 Montpellier (France)

Preliminary studies have shown that binary fluorides such‘as PbF2
and SnF2 have relatively high ionic conductivities, attributed to the
presence of catlons having a strong polarlsablllry Consequently a high

mobility. of the F ion was expected for PbSnF Samples made of sintered

powder show three allotropic varieties with ieversible transitions. The
low temperature form (a) is orthorhombic and gives at 20°C a conductivi-
ty of 9 ]Ofa Q_l cmnl, with an activation energy E = 0.42 eV. The second
form (tetragonal), gives at 20°C, after quenching, a conductivity of

1.2 IO—3 Q-]'cm_1 with E = 0.20 eV. Thin films have ‘been obtained by ther=-
mal evaporation. A quantitative analysis performed By X-ray fluorescence
measurements shows the strong dependence of the f11m composition w1th ‘the
evaporatlon rate. Steechiometric PbSnFé has been obtained with rates

greater than 3000 A/mn- The structure of the films is always cubic, and

corresponds to the highest temperature variety (y). The optical gap is

estimated, from absorption measurements, to be about 3 eV. The conducti-
vity 1is 1 10-3 Q_] cm_] with E = 0.30 eV. In both forms, sintered samples
and thin films, a treatment of the impedanee and admittance plots have

been performed. The temperature and frequency behaviour of the interface

capacitance was determined.’
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ACTIVATION VOLUMES OF SUPERIONIC CONDUCTORS ' di?o
WITH THE FLUORITE STRUCTURE*‘ "

J. M. Oberscﬁmidt and D. Lazarus, Physics Department and Materials

Research Laboratory, University of Illinois, Urbané, Illinois 61801
. Activation volumes of several crystals with the fluorite structure and’
some related materials have been obtained from the pressure dependence of the
ionic conductivity. The data are takeﬁ,under hydrostatic conditiens with argon
gas pressures up to 0.6GPa (6 kbars) and for teﬁperatures up to 1200°C. The
activation volumes are found to be small and poéitive‘and‘ére conéistentiwith a
Frenkel defect model of the conductivity. The materials examined irclude: ‘

SrF,, BaF,, CdF,, PbF,, Sr'c12, PbCl, and MgF,.’

% .
Work supported by the U.S. Department of Energy Contract EY-76-C-02-1198.
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ULTRASONICS IN IONIC CONDUCTING FLUORIDE FLUORITES

D. 0. Pederson, J. A. Brewer, G. T. Chew, R. B. Foster and

S. R. Montgomery, University of Arkansas, Fayetteville, AR  72701.
Measurements of the ultrasonic velocity in cadmium fluoride are
reported from room temperature to temperatures near the Faraday
transition from insulator to solid electrolyte. -This worklis compared
to Brilliouin scattering studies! on other fluorides of the f]uorite
structure in an attempt to provide empirical information on this simple
class of high temperature solid e1ectr01ytes. The CdFp appears to have

“a transilion from insulator to solid electrolyte near 800 K.

Ic. R. A. Catlow, J. D. Comins, F. A. Germano, R. T. Harley and
W.Hayes, J. Phys C 11, 3197 (1978).
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AMMONIUM IONS ARE "ROLLING".IN 8 ALUMINA

D. Gourier, Laboratoire de Chimie Appliquée de 1'Etat Solide, Ecole
Nationale Supérieure de Chimie de Paris, 1] rue Pierre et Marie Curie,
75231 Paris Cédex 05, France ‘ : -
B. Sapoval, Laboratoire de Physique de 1la Matiére Condensée,

Ecole Polytechnique, 91128 Palaiseau C&dex, France

+

4
has been observed at liquid helium temperatures and between 77°K and 360°K,

The motion of NH, ions in non-stoechiometric B alumina single crystals
and the effects on the proton NMR lineshape are reported. We show that at
helium temperatures the ions in BR positions exhibit rapid quantum tunnelling

and have a C, axis parallel to the Z axis of the crystal. On the contrary, the

2
ions in m0 positions are motionless. The spin isomerism theory allows a

quantitative interpretation of the spectra.

Between 77°K and 240°K there is a single line corresponding to rapid 90°

reorientation around a C, axis perpendicular to Z. Above 240°K jump diffusion

2
begins to occur and there is a corresponding line narrowing. The activation
‘energies found from NMR and conductivity are the same showing that the

elementary motion of the ion is a translation plus rotation jump : ammonium
ions are '"rolling". Good agreement-is found-betweén‘electrical conductivity

and NMR data showing agreement also for the prefactors.
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ORDER-DISORDER TRANSITION BETWEEN OFF~CENTER POSITIONS

IN THE MIXED CONDUCTOR-CU3VSA

H. Arribart, J.F. Gouyet, B. Sapoval, Laboratoire de Physique de la
Matiére Condensée, Ecole Polytechnique, 91128 Palaiseau, France

Cu3VS4 exhibits a tridimensional network of crystallographic channels
through which a few interstitial Cu’ move with high mobility at room
temperature. X-Ray studies have shown that each copper atom of the host

. . ' . . A .. |
lattice is located in one of four equivalent off-centered positions (o.c.p.).

We think that the situation where one conducting ion is surrnunded by a
"deformable" environment due to the existence of several o.c.p. for the
neighbors is favorable to high mobilities (A number of superionic conductors
exhibits such a situation). Here we are interested in the low temperature
behavior (static + dynamic) of the interacting system formed by the off-
centered atoms.
630u, 65Cu and 51V which is ultrafast :
51

We report nuclear relaxation of

T, v 1 sec for 63Cu and 65Cu and 10 sec for \Y ht 1.5°K, Moreover the observ-

1

ation of a sharp singularity in the variation of T (5]V) at 9°K indicates an

1
order-disorder transition in the o.c.p. occupancy.
We develop a theoretical model based on four equivalent wells for each
copper atom. The transition temperature is in accordance with an electric
dipole-dipole interaction between the o.c.p. It is the excitation of pseudo-
spin waves due to tunnelling which is responsgible for ultrafast nuclear relax-
ation. We solved an Ising like model for the fundamental state which is shown
to have a 2 X 2 X 2 basic lattice cell.
I. N. LeNagard, G. Collin, O. Gorocﬁov, H. Arribart, A. Willig, B. Sapoval

in Superionic Conductors, edited by G.D. Mahan and W.L. Roth, Plenum Press,
New York (1976).
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CHEMICAL ORIGIN OF THE MOBILE IONS AND NUCLEAR RELAXATION IN Cu.VS

3774

H. Arribart, B. Sapoval, Laborat01re de Physique de la Matiére Condensée,
Ecole Polytechn1que, 91128 Palalseau, France

Nuclear spin lattice relaxation of 5IV has been studied in the range 100-
300°K in the mixed conductor Cu3VS4 This material exhibits a small ionic
conductivity due to highly mobile interstitial Cu 1ons.l The experiments show
that there exist two classes of samples (denoted by A and B in the figuré). I
samples A the relaxationAat room temperature is fast (T1 ~ 0.1 sec) and varies
exponentially with 1/T. This relaxation is due to the motion of interstitials
cu’ which modulates the quadrﬁpolar interaction seen by the SIV nuclei. The
Tlsec) activation energyvis‘O.IS eV and the relaxation
- : rate is directly proportional to the concentration
of mobile ions. In samples B the relaxation is
slow (T] n 10 sec) and almost independent of
temperature. The concentration of conducting ions
ié very small and‘the<re1axation'is due to para-

magnetic impurities.

- The chemical difference between A and B

samples holds in the fact that samples A contain

e chlorine as impurities (samples A are grown by
4 [} T .

8 )
10YTIK™) C12 vapor transport) and not samples B. This

proves that the existence of an ionic conductivity .in Cu3VS4 is related to the

.presence of chlorine, the extra-electrical charge of a mobile interstitial Cu

being compensated by a fixed Cl interstitial.

1. H. Arribart, B. Sapoval, 0. Gorochov, N LeNagard, Solid State Commun. 26,
435 (1978)
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PRESSURE DEPENDENCES OF THE EtASTIC CONSTANTS OF CUBIC PbF2 AT 296 K AND

. TEMPERATURE DEPENDENCES OF THE SPECIFIC HEAT OF CUBIC AND ORTHORHOMBIC

p *
bF2

D. S. Rimai and R. J. Sladek, Purdue University, W. Lafayette, IN 47907

Usa

We have measured the effect of hydrostatic pressures up to 3 kbar on the
velocity of longitudinal and shear ultrasonic waves in cubic PbF at 296 K and

the specific heat of both cubic and orthorhombic PbF, up to temperatures above

2
where the éuperionic transition occurs in cubic PbF2 (between 650 K and 750 K).

- The pressure dependences of the elastic constants of cubic PbF2 deter-
mined from our velocity data indicate no mode softening with increasing pres-
sure even though a transition to the orthorhombic phase is known to occur near
4 kbar. These results are discussed in terms of the Demarest et al. modifica-
tion of the Born criteria for lattice stability, a soft transverse acoustic
mode near the zone boundary, and the Axe-Srinivasan shell model,.

The heat capécity of the cubic form exhibits a maximum which is dis-

cussed in terms of the superionic transition,

* : : :
Supported by National Science Foundation Grant DMR 77-08476Al.




MAGNETIC TAGGING OF 10N DIFFUSION IN PbF,*

R._D. Hogg, S. P. Vernon and V. Jaccarino, Department of Physics,

University of California, Santa Barbara, California 93106,

We report on a F!? NMR study of PbF; which was substitutionally doped
with Mn®" in concentrations (c) ranging from 1 percent Mn to nominally
pure PbF,. Both linewidth (AH) and pulsed (TI1 and T;l) measurements were
made in the temperature (T) region 25° to 750°C, at frequencies extending
from 16 to 90 MHz. The presence of paramagnetic impurities drastically
alters the relaxation rates TII and T;l in proportion to c once ion diffu-
sion-becomes more important than nuclear spih diffusion. The motional
narrowing of the nuclear dipole-dipole interaction is followed first, by
an ‘increase and then by a decrease of AH with increasing T. The maximum

(1)

hopping rate W, = Wy the F!? transferred hyperfine interaction with a

(1)

neighboring Mn2+ ion. Significant deviations from our model theory

(2)

in AH occuré at T =~ 500°C and was shown to result when the F ion

. =1
and that of Richards are found when w, >> w,_.. The T; measurements

h HF

" exhibit an initial peak as T increases, which we associate with the

electronic dipolar (I+SZ) interaction, and approaches a second one at
. + -
higher T.which results from the transferred hyperfine (I S ) coupling.

The lack of freduency dependence to 1/T; on the low temperature side of

(2)

the initial peak is not in accord with Richards theory.

(1) R. D. Hogg, S. P. Vernon, V. Jaccarino, Phys. Rev. Letters 39, 481
(. '

(2) P. M. Richards, Phys. Rev. B 18, 6358 (1978).

*  Research sponsored by DOE Project Number EY76-S-O3-OO3S PA2L4L




PC-10

LATTICE DYNAMICS OF BINARY SUPERIONIC CONDUCTORS
Gerald Burns, IBM Thomas J. Watson Research Center, Yorktown Heights, New York
10598 ’

The experimentally observed Raman results ‘in the superionic phases of Agl and
Cul are very broad with no sharp features. Quite a few theoretical papers, based on
single particle models, have been published attempting to explain these and related
infrared' results. However, when the experimental Raman results are plotted in
reduced form!, distinct features in the vicinity of the TO and TA phoncn branches of
‘the room temperature crystal striictures are apparent. lWe have theoretically célculat-
ed the spectral results (for Agl and the Cu h‘alidesj using standard lattice dynamic
methods but properly taking the disorder ‘into account.2 The results are encouraging
for Agl and Cul where an experimental comparison can be made and. point out that
many of the properties of simple superionic conductors can be understood in terms of
:stan'dard harmonic latt'ice‘dynamics but with disorder taken into account.

1. G. Burns, F. H. Dacol and M. W. Shafer, Phys. Rev. B16, 1416 (1977), and

Solid State Comm. 19, 291 (1976).

2. R. Alben and G. Burns, Phys. Rev. B16, 3746 (1977).
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Motion of Charge Carrying Ions in Sodium f-Alumina.

S.W. de Leeuw, Matematisk Institut, Odense University, Danmark

J.W. Perram, Matematisk Institut, Odense University, Denmark

Abstract:

We report ‘the results of a molecular dynamics simulation

of the motion of charge carrying ions in sodium B-alumina.
Exact account is taken of the forces on the ions in the con-
duction piane but the ions in the spinelblécks are treated
approximately. The computed values of the coefficients of
selfdiffusion are in good agreement with those observed ex-

perimentally. Density maps show that in stoichiometric B-

alumina the sodium ions occupy positions around the Beevers-

Ross and mid-oxygen sites. When extra sodium ions are added
to -the lattice the anti-Beevers-Ross sites are occupied as
well. The diffusive motion of the charge carrying ions is
analysed to ascertain whether diffusion prbceeds continu-

ously or by a jump mechanism.

, “ ' | _ .
Supported by the EEC (contract 315-78 EE DK)
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FAST ION TRANSPORT IN Sr ce,
M. Dixon, Dept. of Theoretical Physics, 1 Keble Road, Oxford, UK
M.J. Gillan, Theoretical Physics Division, AERE, Harwell, Oxon, UK’

A molecular dynamics study of SrCl2 has been carried out over a range of
temperatures at constant volume. We find qualitative agreement with experiment
for both the magnitude and the temperature dependence of the electrical conduc-
tivity. We present contour maps of the mean ion densities; these brlng out the
~ following points: (1) on average the anions are localised about their regular
sites’ (2) there is no accumulation of density at the cube-centre sites even at
the highest temperature; (3) increase of temperature causes an increase of
density along the line joining nearest meighbour regular anion sites. We find
that Lhe diffusive motion can be analysed in terms of discrete hops with a large
ratio o[ residence to hopping times. ‘

The hopping of anions can be approximately described in terms of the motion
- of vacancy and interstitial defects. The concentration of defects so obtained.
1s-only a few percent even at the highest temperature. We present typical
hopping trajectories which show that hopping anions generally travel rapidly
and directly between lattice sites. The strong correlation between hopping

i's demonstrated by means of a hopping catalogue.
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‘ ’ . ION FLOW IN A SUPERIONIC CONDUCTOR

T. M. Hayes and J. B. Boyce
Xerox Palo Alto Research Center, Palo Alto, CA 94304

l An excluded volume model has been proposed1 to explain the unusual cation-anion pair
correlations which have been observed in superionic conductors?. It is assumed that the
positions of the conducting ions within the crystalline lattice are determined predominantly by the

 short-range cation-anion cbre-core repulsion, modeled as a softened "hard éphere" interaction.
The excluded volume model yields a distribution of mobile ions which is uniform e xcept for their
being excluded from spheres centered at the positions of the immobile ions, as determined from
diffraction studies. The resulting cation-anion pair correlation functions have been shown to be
in excellent quantitative agreement with the pair disfributiqn functions derived from EXAFS
. measurements on Agl and on the Cu halides, in both the normal and superionic phases3.

From these measurements, we have deduced the three-dimensional potential, V(r), seen by

the conducting ions in the crystal. On the further assumption that the conducting ions have
energy and velocity distributions like that of charged ions in a dilute Boltzmann gas, we haveA
calculated the probability that an ion will hop from one lowest energy site to another in the
crystalline lattice. This leads to an estimate of the temperature-dependent ionic conductivity
which correlates strongly with experimental determinations in these materials. By explaining
many features of the observed-conddctivity in both the normal and superionic phases, this mocel

supports the view that the conduction processes in these two phases are qualitatively identica.

IT, M. Hayes, J. B. Boyce and J. L. Beeby, J. Phys. C11, 2931 (1978).

23ee, for example, J. B. Boyce, T. M. Hayes, W. Stutius and J. C. Mikkelsen, Jr., Phys. Rev. Lett,
38, 1362 (1977). | '

3. B. Boyce and T. M. Hayes, "Structure and Its Influence on Superionic Conduction: EXAFS
Studies” in Physics of Superionic Conductors, ed. by M. B. Salamon (Springer-Verlag, New York,
1979), Chap. 2. ‘




PC-14

STRUCTURAL AND DYMAMICAL BLHAVIOR OF d-Agl

-W. Schommers

Kernforschungszentrum Karlsruhe GmbH.
Institut fuer Angewandte Kernphysik
D-7500 Karlsruhe, Postfach 3640

Federal Republic of Germany

Molecular-dynamics calculations can provide valuable information
about the microscopic mechanism in superionic conductors. The
silver subsystem of d-Agl! is disordered and shows strongly anhar-
monic behavior. By means of molecular-dynamics calculations it is
possible to treat anharmonicitlies without approximations.

In two previous papers /1,2/ a molecular-dynamics model (vi=-
brating-ion model) was proposed for the description of correla-
‘tions in space and time in d-Agl. In this paper a modified ver-
sicn of this model is proposed in order to obtain more realistic
results for the correlation functions. The points investigated
“are: (1) the single-particle motion, (i1i) the collective behavior
of the system, (iii) the coupling of single and collective modes.

Comparison is made with computer experiments on d-Ag! performed
by Vashishta and Rahman /3/.

/1/ W. Schommers, Phys. Rev. Letters 33, 1536(1977)
/2/ W. Schommers, Phys. Rev. B 17, 2057(1978)

/3/ P. VYashishta and A, Rahman, Phys. Rev. Letters 40,
1337(10978)
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IONIC TRANSPORT IN SILVER HALIDES

P.W.M. Jacobs, Dept. of Chemistry, University of Western Ontario, London,

Canada, J. Corish and B.A. Devlin, Dept. of Chemistry, University College,
~Dublin, Ireland, C.R.A. Catlow, Dept. of Chemistry, University College,

London » England.

Of the conventional ionic conductors the silver halides AgCl and AgBr have
the highest conductivity while in several fast-ion conductors it is the silver
‘ion which is the mobile species. For these reasons a re-examination of ionic
transport in AgCl and AgBr seemed timely. The ionic conductivity of these two
materials has been measured recently by Friauf and co-workers. If these data -
are interpreted in terms of the conventional Frenkel defect model with
temperature—independent defect enthalpies and entropies, then at high
temperatures the conductivity calculated from defect parameters fitted at
intermediate temperatures, lies below the experimental values. Friauf
éoncludgd that g, the Gibbs free energy of Frenkel defect formation, must
decrease faster with temperature thén is predicted by the usual thermodynamic
relation hg-Tsg, and ascribed this in Very general terms to a loosening of
the lattice. ‘ ‘

Using the (by now) well-tried methods of calculating defect encrgies that
have been developed by Norgett we have calculated the defect formation and
migration energies for AgCl and AgBr using a quasiharmonic model which allows
- for the thermal expansion of the crystal. The Frenkel defect formation
' energies are of a similar magnitude to the experimentally determined values
and, not surprisingly, decrease with increasing temperature. We have alsd
shown that ion deformation is an essential feature of silver-ion transport.
Theoretical calculations of migration energies that allow for ion-deformation
in the saddle-point configuration yield results that are in excellent

agreement with experimental values.
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THERMOPOWER MEASUREMENTS IN RbAg,I. FILMS v

J. A. Cowen, C. L. Foiles, and D. L. Edmunds, Department of PhySics,

Michigan State University, East Lansing, MI 48824 USA

The thermopower of fast ionic conductors is generally predicted to -have

the form: }

S(T) = Q*/qT + H
where Q* is the heat of transport, q is the charge of the carrier and H is am&
coliection of entropy terms. Published data on pressed pellet samples and bé%k\k
so}id samples obtained by freezing molten RbAg415 show limited agreement with
one another. Striking disagreements occur in the temperature dependence of the
raw data while contradictory assumptions about H are used in fitting the data
to the predicted form.

We have used a differential method to measure S in evaporated RbAgalg“
films between 200 and 350K. Our raw data are generally consistent with the
predicted température dependence and with some of the pressed pellet data.

Q* is comparable to the activation enthalpies repbrted from conductivity
stﬁdies but H is lower than the values obtained in previous thermopower studies.
S at room température is approximately 0.4 mV/K. The effect of the experi-

mental configuration on H will be discussed.
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VISUAL OBSERVATION OF THE TRANSPORT OF SILVER THROUGH A RbAg4I5 FILM

J. A. Cowen and D. L. Edmunds, Department of Physics, Michigan State
University, East Lansing, MI 48824 USA

We have observed and filmed, by time lapse photography, the trahsport of
silver laterally across a thin (~1 um) film of RbAgAIS. The dynamics of the

ion motion, the various paths which the ions take in building up metallic

filaments aﬁd the depletion of silver from the anode are made strikingly

visible and will be discussed.
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GROWTH OF a—AgZS AND a-AgZSe SINGLE CRYSTALS
THROUGH A CAPILLARY TUBE

T.Ohachi and I.Taniguchi, Department of Electronics, Doshisha University

Kyoto 602, Japan

Cylindarical single crystals were grown by rotation of the ampoule in
which seed was selected spontaneously through an inner capillary tube as shown
in Fig.l. Solid-state transport of Ag atoms, which was achieved by the ambi-
polar diffusion, and vapour transport of S2 or Se2 were used for the growth
reartion. This technique is only applicable to mixed conductors of electrons
and ionms.

Facet of {110} was appeared at the growing front of the crystal below about
480°C which was the surface roughening temperature; The observed growth direc-
tion, which was measured by the facet angle, was scattcred around <111>
orientation from about 10°to 30°. One is able to say that therc is not a
prefered orientation in this technique with spontaneous nucleation.-

The crystals were converted to the low temperature phase at  room
temperature. They were reconverted to the single crystals of the high

temperature o phase. It was confirmed by both the Laue X ray method and the

S NS
N AR RS

regrowth experiments in which a

new single crystal grew succes- NN NN
- o \
sively from a Treconverted N

. Capillary ~|
single crystal.

T.Ohachi and I.Taniguchi, J.
Crystal Growth 40 (1977) 109. Ampoule
T.Ohachi and B.R.Pamplin, J. (a) ) (é)

~Facet

Crystal Growth 42 (1977) 592.  Fig.1 Schematic drawing of the growth process.
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THERMOELECTRIC POWER STUDIES OF
PHASE TRANSITIONS IN FAST ION CONDUCTORS¥

L.B. Coleman, Department of Physics, University of California,
Davis, California, USA

. In studying the thermoelectric power (TEP) of the fast ion conductors
a=-AgI and Pyridinium silver iodide (PyAgslé) features were seen that do not
appear in the low frequency conductivity. Since the TEP is a zero current
measurement, it does not suffer from contact and carrier equilibrium problems.
Use of small temperature gradients (0.1 to 0.5°K), and computer assisted data
gathering and analysis allowed us to collect a large amount of data near the
first and second order phase transitions in these materials.

In both types of phase transition a large sharp decrease in the thermo-
electric power is seen immediately following the transition to the higher
conduétivity state., The broad transition seen in the specific heat .and low

frequency conductivity of PyAg516l is noted by a change of slope of the TEP,

“similar to that seen in the conductivity measurement. Supercooling.of a-Agl

by as much as 10°K is also seen.

* .
Supported in part by the Research Corporation, and the Petroleum Research

- 'Fund administered by the American Chemical Society.

T. Hibma, Phys. Rev. BlS, 5797 (1977).




PC-20

STATIC AND DYNAMIC NMR EFFECTS AROUND THE 209 K
PHASE TRANSITION IN RbAg4 5°

D. Brlnkmann, W.Freudenreich, H.Looser, M.Mali,  and J.Roos

Physik-Institut, University'of Zﬁrich,Zﬁrich,SWitzerland

- We have extended our previous NMR investigations of RbAg4I5
powder samplesl to single crystal specimens. We report first .
results obtained in the superionic phases between‘160 and 300 K.

From the orientational dependence of the quadrupole splitting
of the 87Rb resonance the presence of 4 equivalent Rb sites in
the a phase has been deduced. The electric field gradient tensors
at the Rb sites are axially symmetric in accord with crystallo-
graphic data2 and thus c¢orrecting our previous coﬁclusions»drawn
" from less reliable powder data. However, it has been confirmed
that the 209 K transitioﬁ is of first rather than second orderl.

The spin-lattice relaxation time, has been measured through

Ty
_ the 209 K phase transition. Between 163 and 300 K 1/T,; is pro-
portional to exp(0.11l eV/kT) except near the transition where
l/Tl exhibits a well pronounced peak. The relaxation is discussed
in terms of Ag diffusion including critical fluctuations at the

transition temperature.

v

Commun. 27, 133 (1978)

1. D.Brinkmann, W.Freudenreich, H.Arend,'J.Roos, Solid State

2. S.Geller, Solld Electrolytes, Topics in Applled Physics,
Vol. 21, Springer (1977).

an e
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DIFFUSION PROCESSES IN Li3N STUDIED BY 6Li NMR
D.Brinkmann, M.Mali, and J.Roos

Physik-Institut, University of Ziirich, Ziirich, Switzerland

We have performed 6Li NMR measurements in Li_N single crystals in order

T 3

to check conclusions drawn from a recent 'Li NMR studyl concerning diffusion
processes and the mechanism of NMR relaxation.

' The variation of the quadrupole splitting of tﬂe 6Li resonance with
temperature supports our previous conclusionsl. Below about 350 K diffusion

of the Li ions is mainly restricted to the Li_ N layer. At progressivcly'higher'

temperatures a second process becomes marked:zan exchange of Li ions between
Li- and Li2N—layers. Eventually the intra- and the inter—layer diffusion as a
whole attain a liquid-like behaviour.

Below about 300 K the spin-lattice relaxation of 6Li is dominated by in-
teraction with paramagnetic impuriﬁies (with relaxation times'Tl of the order
of iO s). The mobile 6Li ions can migrate to the vicinity of these impurities
where they are relaxed by dipolar magnetic interaction. Howevér, for TLi the
dipolar relaxation is only about 10 % of the total relaxation which is doﬁi—-
nated by quadrupolar interactions. These differences in the relaxation mecha-
nisms show ﬁp inAdifferent dependences of the relaxation time on crysfal ori-
entation thus exhibiting the two-dimensional character of the intra-layer

‘diffusion.

lD.Brinkmann, W.Freudenreich, J.Roos, Solid State Commun. 28,233 (1978)
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FAST IONIC CONDUCTION IN SOLID LITHIUM NITRIDE HALIDES

P. Hartwig, W. Weppner and W. Wichelhaus
Max-Planck-Institut fir Festkoérperforschung, D 7 Stuttgart 80, Germany

The electrical conductivities of several lithium nitride halides have
been investigated. The compounds belong to the quasi binary system Li3N -
LiX (X = C1,Br,I) and have been prepared by annealing mixed powders of
lithium nitride and halide. All materials are predominantly ionic con-
ductors with negligible electronic contribution. The ionic conductivities

o, and activation enthalpies EA are given in the following table.

o0 en™ E,

25°%¢ 50°c  }100°c  [200°%  ]300°c  400°c  |[ev]

Lt oNo Ll | 2.5x107 9.5x107] 8.0x107| 8. 4x107* 5.8x10° 2.2x10-§ 0.49
Li  N,CL -- -- - 2.8x10:§ 1.0x10"%[2.4x10 | 0.83
Li NBr (Lm) | -- — 2.0x10"'| 2.4x10 0.73
Li, N Br (HT) ' q 1.4x1073|4.5x1073| 0:47
fui e, - 3.1x107'| 2.0x107% 4. 6x107> 0.46

Recent measurements also indicate high ionic conduction in the lithium ni-
tride iodides. Transferenée experiments have confirmed the motion of lithium
iomns. -

All ternary compounds are stable against lithium. The thermodynamic decom-

position voltage is always considerably larger than for Li_N, e.g.,> 2.5V

3
for lithium nitride chloride, Li1 8NO 4ClO 6 which has an anti-fluorite
structure with lo % lithium vacancies.

The .investigated materials are considered to be of potential interest in

practical applications.
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DEFECT PROPERTIES AND IONIC TRANSPORT IN LITHIUM NITRIDE

J.R. Walker and C.R.A. Catlow

Department of Chemistry, University College London, U.K.

We present the results of a computationally based investigation of
“'the mechanism of ion motion in the layer structured superionic Li3N.

. The calculations employ ionic model potentials with short-range
interactions represented by simple analytical potentials of the |
Born-Mayer forms; a shell model treatment of ionic polarisation is
included.  The variable parameters of this model'afe adjusted so as
to reproduce the measured elastic and dielectric properties of the
crystai.4

Our célculations; which use the HADES] defect simulation program,
show that the'éuperionic properties of this material are a consequence
of very high lithium vacancy mobilities: a value of 0.5 eV is calculated
for vacancy jumps between layers, and an even lower value of 0.1 eV is
obtained for in-plane vacancy migration. - Moreover our results find very
low values for the Li' Frenkel energy for this crystal, suggesting that
thermally generated defects could play a significant role in the
conduction mecbanism invLi3N.' '

Our results are compatible with the available éxperimental data.
They suggest that the superionic properties of this material are a

consequence of the unique type of layér structure adopted by Li3N.

* Supported by UKAEA and Commission of the European Communities.

1 UKAEA report AERE-R7650
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. INTERSTITIAL SITES AND ANHARMONIC THERMAL VIBRATIONS
IN THE CRYSTAL STRUCTURE OF LITHIUM NITRIDE (Li3N) !

‘Heinz Schulz and U. Zucker
 MPI Festkdrperforschung, Heisenbergstr. 1, D-7 Stuttgart 80, FRG

The crystal structure of LiBN may be described as a sequence
of Li- and LizN—layers perpendicular to the hexagonal c axis.
Crystallographic nonequivalent Li(1) and Li(2) ions form the

pure Li- and the LizN-layers. _

Diffraction studies up to 620°C revealed, that the Li(2)
ions play a peculiar role in this structure: They show a vacan-
cy concentration of 1-2% already at roomtemperature. The high
lithium conduction is evidently caused by jumps of Li&?) ions
from an occupied site to an unoccupied site. The precg@ors of
these jumps are strong anharmonic thermal vibrations of the
Li(2) ions within and perpendicular to the LizN layers. These
vibrations mark the directions of flat potentials and therby
the diffusion paths of the Li(2) ions.

Above 4OOOC the Li(2) ions start to form dynamical micro-
domains with a new lithium arrangement. At 600°Cc 15% of the
ALi(2) ions occupy the corresponding interstitial sites, which
lie on the lithium conduction paths within the Li,N layers.

- Our investigation demonstrate, that the analysis of thermal
vibrations yields valuable information on the probability of
ionic conduction in a crystal. These vibrations mark the nets of
flat potentials necessary for fast movements of ions through
the lattice.



I
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TEMPERATURE DEPENDENCE OF THE. CRYSTAL STRUCTURE OF THE ONE-DIMENSIONAL
Li+—CONDUCTOR B-EUCRYPTITE (LiAlSiO 4)

H. Guth and G. Heger, Kernforschungszentrum Karlsruhe GmbH, Institut fiur

Angewandte Kernphysik, D-7500 Karlsruhe, Postfach 3640, Fed. Rep. Germany

B-Eucyptite shows a very high Li+ conductivity of one-dimensional character

especially at high temperatures. At 600°C parallel to the hexagonal c-axis a
- - -1

conductivity of about 10 ! [ @ cm ] has been measured /1/.

At temperatures above .482°C LiAlSiO crystallizes in a high-quartz structure

4
(space group P6222 or P6422) with a doubled ¢ lattice constant due to the
ordered distribution of Al and Si. The charge compensating Li+—ions are
situated in structural channels parallel to ¢. By means of neutron diffraction
the Li+ distribution within these channels has been investigated. In the dis-
ordered high temperature phase Li+ ions occupy only the two symmetrically
independent sites of tefrahedral oxygén coordination with a probability ratio

of three to one.

Below 482°C an ordering of the Lit in neighbouring channels leads via a modu-
lated type of structure to the room temperature modification of B—Euéryptité,
which is characterized by doubled a and b lattice constants. The phase tran-
siﬁion does not affect the Li+ conductivity. With decreasing temperature a

distortion of the Li distribution along the channels reduces their mobility.

/1/ U. v. Alpen, E. Schénherr, H. Schulz and G. H. Talat,
Electrochimica Acta 22, 805 (1977).
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DYNAMIC CAGE EFFECT: COMPARISON BETWEEN d-RbAguI AND ea-Agl

p

K. Funke, Institut fiir Physikalische Chemie and SFB 126, Gd&ttingen, W.-Germany

In fast ion conductors, diffusion is a highly correlated process. In parti-
cular, the repulsive Coulonmb interaction between the mobile ions generates a
dynamic cage around each of them. The motion within the cage causes the charac-
teristic very-far-infrared absorption and the broad component of quasielastic
neutron-scattering spectra. Translational diffusion occurs since shape and po-
sition of the cage itself vary in time. The effective potential experienced by
a mobile ion is essentially the sum of the dynamic cagé—effect potential and a

periodic one caused by the immobile ions. The examples of(x—RbAghI and a-Agl

are chosen to demonstrate the influence of different barrier heighzs between
neighbofing tetrahedral sites on the motion of the silver ions in and with
their cages.

‘In the case of‘a:RbAghIS, at 295 K, we present the entire complex-conducti-
vity spectrum along with the current-current correlation function. The data are
consistent with the neutron-scattering results of Shapiro et al.. Within its
cage a silver ion not only oscillates about its tetrshedral site, but also per-
forms "trial-and-error" hops to neighboring sites. After an initial hop the
back-hop probability is roughly 2/3. In 1/3 of all cases a new cage-potential
minimum is dug at the new tetrahedral site.

In a-Agl, the situation is more liquid-like. Here, a silver ion moves rela-
tively irregularly within its cage, which typically has a diameter of 22 i
and hence comprises more than one tetrahedral site. New single-crystal quasi-
elastic neutron-scattering spectra do not indicate a pronounced anisotropy of
this motion. The forward correlation of the translational motion of different
silver ions as known from the Haven ratio and the microwave spectrum, is dis-

cussed in terms of the cage effect.’
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IONIC CONDUCTIVITY OF HOLLANDITE: A MODEL SYSTEM FOR THE TRANSPORT
IN A ONE-DIMENSIONAL SYSTEM

H.U. Beyeler, J. Bernasconi, S. Strdssler

Brown Boveri Research Center, CH-5405 Baden-Didttwil, Switzerland

Various authors have presented evidence for ionic motion in the one-dimensio-

nal hollandite structure. Yet the published dc and ac conductivities obtained

from poiycrystalline samples differ by orders of magnitudes.

We have investigated the frequency dependent conductivity of single crystal

hollandites of various compositions in the range from 5 Hz to 10 MHz and for tem—

peratures between 77 K and 310 K. QOur results lead to a comprehensive understan~

ding of the transport processes in this one-dimensional ionic conductor. Our prin-

cipal conclusions are:

a)

b)

c)

the conductivity exhibits an anomalous dispersion of the type 0 " (iw)a,
0gagl; it is completely dominated by the existence of crystal defects im-
posing a wide spectrum of barriers on the ions moving within the channels.
This is a true dimensionality effect.

The anisotropy of the intrinsic dc conductivity is in excess of 106, in aﬁy
real sample the dc conductivity is thus completely suppressed. -
The intrinsic conductivity within an unperturbed channel segment is Vv .1
(Qcm).-1 in agreement with a microscopic model based on structural data.

The ionic motion within a channel is a cooperative pnenomenon, a.single
jump involves the coordinates of several ions; .the intrinsicldamping of the

system, however, precludes any soliton-like free propagation.
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A ONE DIMENSIONAL SODIUM ION CONDUCTOR
G. V. Chandrashekhar and S. J. La Placa, IBM Thomas J. Watson Research Centei, Yerktown
Heights, New York 10598

High one dimensional Na¥t ion conductivity has been observed in Ti substituted sodium

gallate. This phase, a new structure type, is monoclinic (Czﬁ—C2/m) with unit cell dimensions of
a=12.363, b=3.002, c=9.362A, B=122,09° and contains one dimensional channels parallel to b. In
the b-axis projection oxygen polyhedra having their central metal atom at y=1/2 are cross-hatched
while those at y=0 are unhatched. The cross section of the conducting channels are the dotted areas.
The Na%t ion electron density in the 1-D channels is continuous but not uniform. Single cr&stal a.c.
and d.c. measurements indicate substantial ionic conductivity - parallel to the channel direction - of
<7>10—3Q'_lcm"1 at 300°C with low activation energy and negligible electronic conductivity.

Thermal analysis from room temperature to 1300°C reveals no phase transitions. Crystallographic,

OXYG. COORD. ' <Metal-oxygen>

ATOM SITES SYM.  POLYHEDRA distanceA
Gal 4 m (T)etrehedral 1.841
Ga 2 4 m (Q)ctahedral (distorted) 1.997

Ga3 2 2/m (M)ixed octahedral 1.995
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IONIC CONDUCTIVITY IN SHEET OXIDES

C. Délmas, A. Maazaz, C. Fouassier, J.M. Réau
and P. Hagenmuller
Laboratoire de Chimie du Solide du C.N.R.S.
- Université de Bordeaux I
351, cours de la Libération, 33405, TALENCE Cedex, France.

A new class of alkali ionic conductors with sheet structures
has been found. In particular, the two families A*(Lle_x)Oz'
(L = In, Sc ; M = 2r, Hf, Sn, Pb) and Ax(Lx/ZSnl—x/Z)OZ
(L = Mg; Ca, Zn) (A = Na, K) (x < 1) have been studied.

In all these new layered materials the lattice is built up
by sheets of edge-sharing (L, M)O6 octahedra between which the
alkali ions are inserted, with trigonal prismatic environment for
small values of x and octahedral environment for larger ones. |

-, The conductivity has been derived from complex impedance
measurements. ThHe mobility of the .alkali ions can be discussed
on the basis of their environment, the vacancy -conteht and the
electronegativity of the L and M elements.

The results show that the mobility is strongly correlated
to the environment of the alkali ions : when the mobile ion is
in a trigonal prismatic site the conductivity is 10_3 or 104
higher than when it is in an octahedron. The variation of the
ratio of the A-0O distance during the diffﬁsion mechanism to the
A-O distance when the alkali ion is in its normal site can explain

this difference in behavior.
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- EVIDENCE FOR PROTON CONDUCTIVITY IN COMPOUNDS IN
THE HYDROGEN - URANYL - PERIODATE - WATER SYSTEM

M.G. Shilton and A.T. Howe, Department of Inorganic and Structural

Chemigtry, The University of Leeds, Leeds LS2 9JT, England,

We have carried out studies on some phases in the hydrogen - uranyl -
periodate - water system and have shown some of them to have comparable
conductivities to the proton conductors hydrogen uranyl phosphate and arsenate
tetrahydrates (1,2) (HUP and HUAs respectively). ‘We have prepared phases of

general formula H UOZ(IOG)nYH2O in the composition range n = 0.5 - 2.0 in

5n-2
an attempt to produce structures which may be similar to HUP and HJAs. At -
least two crystalline phases have been found which have the approximate
compositions H(U02)21068H20 and H8U02(106)24H20 these have the conductivities

3 x 10-6 ohm.-1 cm_1 and 7 x 10-3 ohm™] cm_1'respeciive1y at 293°K. The high

conductivity of H8U02(106)24Bé0 is thought to be associated with the large
number of protons, of which there are too many to protonate the (106)5_
groups. This allows for the possibility of a residual high Bt or H30+
concentration which is known to occur ‘also in HUP and HUAs, The low.conduct-

ivity of H(U02)21068H20 may be explained by attachment of the single‘proton

to the (106)5- group to form (IOSOH)4—. At interﬁediate‘compositiohs in the

‘approximate range n = 1-2, nonstoichiometric transparent glassy phases are

formed which are X ray amorphous, some of these have conductivities above
1072 ohm™! cn™! at 293°K and can easily be fabricated into thin flexible .
adherent films. suitable for solid electrolyte applications. A comparison
has been made between the potential uses of these materials and those of

HUP and HUAs which have been used in devices such as electrochromic cells
and batteries (3).

(1) M.G. SHILTON AND A.T. HOWE, Mat. Res. Bull. 12, 701, (1977).
(2) A.T. HOWE AND M.G. SHILTON, J. Solid St. Chem. 28, in press (1979)

(3) f.E.'gﬂlLDS, A.T, HOWE AND M.G. SHILTON, J. Power Sources, 3, 105
1978).

ol




[N

PROTONIC CONDUCTION OF HYDROGEN IMPURITIES iN K203C16* , fp

H. W. Willemsen, Argonne National Laboratory, Argonne, Illinois 60439

R. L. Armstrong and P. P. M. Meincke, Univ. of Toronto

We report dielectric measurements as a function of temperature and
frequency in single crystal KéosC16 with defects containing protons.
The results are consistent with a model which assumes the defect state to
be a simple interstitial proton which is hydrogen bonded to the nearest
neighbor chlorine ions. We find for temperatures greater than 180 K, that
proton diffusion 1s thermally activated with a mobility of 10'2cm2/V—sec

whereas below this temperature it is determined by quantum tunneling between

localized states.

*Supported in part by NRC of Canada and U. S. Department of Energy.
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ANHYDROUS DEUTERIUM BETA ALUMINAS
J.M. Newsam, Chemical Crystallography Lab, Parks Road, Oxford, England
'~“B.C. Tofield, Materials Development Division, AERE Harwell, OX1l ORA

_Anhydrous polycrystalline hydrogen beta aluminas may be prepared by
direct hydrogenation of silver beta aluminas. Preparations using single
crystals are difficult and, if exchange is continued to near completion,
there is extensive degradation of the crystals. Neutron diffraction of
polycrystalline deuterium beta alumina is, therefore, the only practical

method for structural study of the anhydroué hydrégenaﬁed material.
Apparently stoichiometric DAL, .0 ié formed from non-stoichiometric

11717
sodium and silver precursors. In a first sample at low temperature, the

dédﬁefium was found to lie in the mirror plane, about 1% from 0(5), with
approximately three-fold disorder around 0(5). The Beevers-Ross, and other
sites normally occupied by metal ions are empty. A secoﬂd sample had,.
again, D-0(5) bonding but D is displaced off the mirror plane and there is
a rotation of the (x,y) positions. The structure is dependent on the
thermal history and a disordered arrangement with a c-axis shortening,
observed on heating the first sample to 550°C, is preserved on cooling.
The evolution of the deuterium arrangement with temperature from 4.2K to
4500C for the second sample is described. A

Deuterium beta alumina samples have been prepared between 300°C and
450°C. Surprisingly, beta double prime alumina partially decomposes under
these conditions, but deuteration of silver beta double prime alumina

powder may be accomplished at 200°C without decomposition.

o



TEMPERATURE DEPENDENCE OF HAVEN RATIO IN SILVER BETA-ALUMINA™

K. K. Kim, IBM Watson_Research Center, Yorktown Heights, N.Y.

and Materials Science Division, Argonne National

Laboratory, Argonne,'Illiﬁois ‘ -
G. V. Chandrashekhar, IBM Waéson Résearch Center, Yorktown

Heights, New York !
W. K. Chen and J. N. Mundy, Materials Science Division,

Argonﬂe National Laboratory, Argonne, Illinois

Measurements of Ag diffusivity (D) and ionic conductivity (0) have
been made on the same single crystals of silver beta-alumina with composition
1.23Ag90-11Na,05. The D values were obtained from the cation exchange rate
of radiotracer Agllo in molten AgNO3 over 210°C ~ 400°C. The O measurements
were made at an impedance bridge frequency of 3x10° HZ over R.T. ~ 450°¢
using sputtered silver electrodes. Both D and O can be expressed as simple
Arrhenius relatioms:

D=1.47 x 10_4(cm2/sec) exp [

-3.77 (kcal/mol)
RT

400°C. The magnitude of these values is very close to the theoretical value

-4.05 (kcal 1 -
T (keal/mo )]; 0T=1.58 x 103 (ohm'lcm 1 %K)

]. The Haven ratio ranges from 0.51 at 200°C to 0.57 at

exp’ [

of 0.6 for interstitialcy mechanism in two-dimensional honeycomb structure.
However, the most interesting feature of our results is the temperature
dependence of the Haven ratio, which is strikingly similar to the case of
sodium beta-alumina-l This feature is ascribed to interaction among defects
which can come about in the form of ion blocking and binding among mobile

ions and/or charge compensating defects.2

*Supported in part by the U.S. Department of Energy.

K. K. Kim, J. N. Mundy, and W. K. Chen, J. Phys. Chem. Solids, to be
published. .

2p, Wolf, J. Phys. Chem. Solids, to be published. : i
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MODELS FOR ION-ION CORRELATION IN B ALUMINA COMPOUNDS
J.P. Boilot*, G. Collin**; R:fgomés**
*  Laboratoire de Chimie Appliquée de l'ﬁfét%SQIide, ENSCP,
11, rue P. & M. Curie, 75231 PARIS CEDEX 05 (France)
** Laboratoire de Physique des Solides associé au CNRS,

Université Paris-Sud, Bat. 510, 91405 ORSAY (France)

We study, by X ray diffraction (Bragg) and X ray diffuse scattering,

the relation between local order and ionic conductivity in  alumina type

Na’ Px By 2 N
compensation by interstitial oxygen. These compounds show two kinds of

compounds : B alumina (11 A1203, x B,0, x = 1.25) with charge

local behaviour :

1/ Na B alumina with very high Debye-Waller coefficients (Vv 1 Z) especially
betweeﬁ mO and aBR sites. Short range order calculations indicate, in this
case, a mixture of substitution disorder and of ‘displacive disorder (pro-
bably dynamic). These local parameters are characterised (in static des-—
cription) by the occurence of two types of ion-ion correlations.

Type I with a cluster of six Na ions on mO sises around a vacant aBr site
and a very short correlation length (10 - 20 A).

Type II with an order of both BR and mO ions

Our calculations introduce a correlated displacive parameter between ions
of the same kind. This type of behaviour, highly disordered, accounts for
the high ionic conductivity of Na B alumina.

2/ K and Tl B alumina with a local order in microdomains.In each domain, we
observe the simultaneous occurence of different kinds of cells but all
with Na type II order.

Owing to the higher ion-ion correlation lengths (40 - 50 Z) the ionic
conductivity is considerably weaker. At a given temperature, a relation
is observed between the size of the ordered regions, the ionic radius of

the conduction ion and the activation energy.
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X RAY STUDIES OF B AND 8" ALUMINA WITH HIGH CONDUCTION LON CONCENTRATION
J. P. Boilot, and .Ph, Colomban, Chimie Appliquée de 1'Etat Solide, ENSCP,

11, rue Pierre et Marie Curie, 75231 PARIS CEDEX 05 (France) .
G. Collin and R. Comés, Laboratoire de Physique des Solides associé au CNRS, “.?’

Bitiment 510, Université Paris-Sud, 91405 ORSAY (France).

In fhe system A1203—Mg05M20 M - Na, K, Ag), B" and B alumina single crys-
tals can be obtained with a M’ ions concentration of about 1.6 per unit cell
within the conduction plane (ins;ead of 1.25 for B élumina in the A1203—M20
system) . .

- In B"Ag,othe silvef ions are very weakly correlated in the éonduction plane
(§ < 10 A at 300 K) leading to a quasi liquid state between 20 and 300 K. A
strong interplanar correlation is further observed.

- On the contrary for B"Na and BfK a two-dimensional local superstructure
a/3 x a/3 1is observed in the conduction plane (Na B" correlation length
70 Z at 300 K). No correlation is found between the planes.

- Moreover in B"Na the fast variation of correlation length versus temperature
at T > 300 K provides an explanation for the special behavior of this com-
pound (non linear variation of Log OT versus T—l).

These B'" crystals are compared to recently prepared ion-rich $ alumina
with the same compusilion.

Except for Ag+, the sizes of the ordered regions in these compounds are
greater than in the normal B alumina ones, although their conductivities aré
similar ; implying another conduction mechanism with strong correlation

(caterpillar mechanism).
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IONIC CONDUCTIVITY IN Na*, K*, AND Ag* BETA" ALUMINA

Jacqueline L. Briant and Gregory C. Farrington
General Electric Corporate Research & Development
PO Box 8, Schenectady, NY 12301 '

This paper presents measurements of ionic conductivity in single crystals of Na‘,
K*, and Ag* beta" alumina (0. :83M,,0 * 0.33Mg0 " 5AL,0 3 ) M = Na, K, Ag) Na* and K*
beta" alumina have extremely high conductivities at 25 C, 0.16 (ohm cm) and 0.13 (ohm
cm) , respectively. The activation energies of all three materials were observed to
decrease with increasing temperature, from 0.2 eV at 25°C to 0.1 eV at 400°C for Na*
and K* beta" alumina, and from 0.22 eV at.25°C to 0.18 eV at 400°C for Ag" beta"
alumina. The conductivity of Ag* beta" alumina at 25°C is 1.7°10"3 (ohm em)™L.

Na® beta" alumina crystals were grown at 1660-1710°C from a melt containing.
Na20, AIZOB’ and MgO. Selected crystals were converted to the potassium and silver
isomorphs by ion exchange. Conductivity was measured as complex impedance with-Au
electrodes from -80°C to 500°C. Conductivity' was observed to vary with conditions of
crystal growth. .

Few conductivity measurements on single crystals of beta" alumina have been
reported. Our data are consistent with earlier work on Na* beta" alumina in which a
conductivity of 0.06 (ohm em)! at 25°C and a decreésing activation energy were
measured.l

These measurements have uncovered several intriguing phenomena such-as the non-
constant activation energy, the unusually high conductivity of K* beta" alumina and low
conductivity of Ag+ beta alumina, and the variations of conductivity with crystal growth
conditions. A structural comparison of beta and beta" alumina begins to explain some of

these effects.

lJ T. Kummer, Progress in Solid State Chemistry, Vol. 1, H. Reiss and J 0. McCaldm, ed.,

Pergamon Press, New York, 1972, p 150.
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CHARACTERIZATION OF NH4+ EXCHANGED SINGLE CRYSTAL B-ALUMINA

'i;ll

A. Hooper, Materials Development Division,
AERE, Harwell, Didcot, Oxon, England.

A thorough characterization study is described of a large (A 3 cm
diameter x 0.3 cm thickness) single crystal slice of NH4+ f-alumina
prepared by ion exchange from the Nat analogue in molten ammonium

nitrate.

Measurements of ionic conductivity (parallel to the mirror planes)
using a.c. techniques and complex plane analysis lead to a good étraight
line plot of gT versus Tl in the temperature range 300K-500K.
Conductivities at 300K and 500K are 1.8. 1076 @ lem™! and 1.4. 10730 ~"lem™!
respectively with a corresponding activation energy of 0.47 eV. Similar
measurements on a slice section (parallel to the c~axis) indicate a much
lower conductivity in this direction. Above 500K, deviations from Arrhenius
behaviour occur and the conductivity becomes time dependent until eventually
steady but low values are recorded above about 800K. Preliminary measure-

ments of conductivity from 800K to 1000K are also presented.

An unsupported sample undergoes severé delamination parallel to the
'mirror planes below 600K. D.T.A. experiments on similar material from

300K'to 1500K indicate three major exothermic .events at 800K, 1050K and 1300K

and material annealed at various temperatures up to and between these points
has been characterized by lattice parameter measurements using X-ray

diffraction.
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HIGH RESOLUTION ELECTRON MICROSCOPY
STUDIES OF B- AND R"-ALUMINAS* '

*
Jan-Olov Bovin* , Department of Chemistry and Center for Solid State

Science, Arizona State University, Tempe, Arizona 85281, USA

Crystals of B- and B"-alumina have been investigated by means of high-

-resolution transmission electron microscope with a maximum resolution at

2.7 R. Experimentally-obtained crystal structure images are compared with

computer simulated images in order to arrive at a correct interpretation.
The crystalé here studied are both long-cyclea‘battery ones as well as

newly prepared. All crystals of B"-aluminas investigatéd so far revealed

two types of defects. Two broad clése-packed Al-O-slabs can.cause a blockage

of the ion-conducting layers in the solid electrolyte. It is shown how two .

slabs of different width always have the same type of blocking. junction.
Growth of broad Al-O-slabs under the influence of the electron beam was
recorded in B"-aluminas but not in B-aluminas. The growth always starts

ih the crystals and travels out to the edge. The broad Al-O-slabs grow only
of the thickness (4N + 1) x 2.2 A. Possible mechanisms for the growth of
broad Al-Ofslabs are suggested. Thg importance of the defects for under-
standin§ of material problems of coﬁducting Na-S-batteries with B~ and B"-

alumina is discussed.

‘*Supported by National Science Foundation (DMR 78-09197) and by the Swedish

Natural Science Research Council.

* X - : )
~ Permanent address: Inorganic Chemistry 2, Chemical Centre, P.O. Box 740,

§-220 07 Lund 7, Sweden.
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ELECTRON SPIN RELAXATION BY TUNNELING STATES IN NavB—A1203*

S. R. Kurtz and H. J. Stapleton, Physics Dept. and Materials Research

Laboratory, University of Illinois, Urbana, IL

.. - + .
We have measured the spin relaxation rate of an F color center in the

conduction plane of,Na—s—Alzo and found an anomalous temperature and micro-

3
wave frequency dependence. In addition the rate was two to three orders of
magnitude faster than that usually observed for color centers in ordered
ionic materials. The observed behavior is quantitatively described by a
relaxation mechanism involving the coupling of a color center to the phonon
induced relaxation of a nearby localized two level tunneling state. These
states are associated with disorder in the conduction plane of Na—.-B--AIZO3

and have been used to explain the low temperature properties of beta aluminas
and other amorphous . materials;l/ The F+ relaxation mechanism is analogqus to
the enhancement of nuclear relaxation rates in the presence of paramagnetic
impurities. Using tunneling state parameters determined by thermal and

dielectric measurements on Na-B-Al, 0 this mechanism predicts relaxation

273
-t . . . .
rates for the F centers consistent with the experimental data. Assuming a

density of localized tunnelihg states similar to that used to interpret the

low temperature properties of Na—B«AlZO this theory yields the temperature

3?

dependence observed in our data.

*Supported by the U. S. Department of Energy under Contract EY-76-C-02-1198

-l/P. J. Anthony and A. C. Anderson, Phys. Rev. (to be published).
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