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. shear structures as examples.

PS/A-1

Insertion Reaction Electrode Materials

D. W. Murphy

AT&T Bell Laboratories
600 Mountain Avenue
-~ Murray Hill, New Jersey 07974

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

insertion reactions will be illustrated using ReO3 related

PS/A-2

APPLICATION OF DIFFRACTION METHODS TO STUDY FAST IONIC
CONDUCTORS

‘Heinz Schulz, Institut fOr Kristallographie und Mine-

ralogie, Universitat Munchen

Diffraction experiments with X-rays or neutrons allow
to measure the positions, the form and the intensities
of Bragg reflections and to measure intensities i{n the
reciprocal space between the Bragg reflections (Zwi-
schenreflex-Streuung). The intensities of the Bragg
reflections can be used to investigate the average
structure of a crystalline fonic conductor. The aver-
age structure shows: Positions of the framework-and

mobile ions, occupation probabilities of the positions,

directions and magnitudes of thgrmal vibrations, dif-
fusion paths of the mobile 1ions. The form of the Bragg
reflections {s influenced by 1local distortions, ar-
rangements of grain boundaries and so on, which may be
importend for the 1ionic transport mechanism. The
"Zwischenreflex~-Streuung" may show strong features. In
this case short range order effects, e.g. domain for-
mations, may be present. Examples for these kinds of
investigations will be presented for the fast 1ionic
conductors based on the NASICON and fluorite structure.

Miinchen, 5. July 1985
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Polymer Electrolytes

M. Armand
Laborateire d'Energétique Electrochimique CNRS LA 265
B.75 -38402 SAINT MARTIN D'HERES - FRANCE

k%

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

On one hand, PEQ remains the archetype of the solvating-backbone polymers,
and its complexing power was found to extend well beyond the alkali-metal
salts. For instance, all the alkaline-earth salts with 1- and ClO," dissolve in
PED, (1) showing that the free energy for solvation of the cation is always
favorably negative, and the complex formation is solely governed by the charge
dispersion of the counter-anion. However, the "hard" donor properties of the
ether oxygens cannct compete in the case of "soft" ions interactions; neither
Agl or F’b[2 form complexes, while the corresponding ClD salts do.

This high complexing ability is also found in other polymers whith grafted short-
chain PEQ synthons, like in the poly(phosphazenes) (2).

On the other hand, only scarce examples of complexes including multi-charged
anions are known, as the restriction on charge density becomes increasingly
difficult to meet.

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

_constant compounds.

It is relatively easy to block the cationic conductwlty to ubtam t- = 1 elec-
trolytes, as in PEO-MgQ(CIO ), (4), but attempts to prepare a t+ = 1 complex
important for - most electrocg\emical.'applica‘t;ions has been so far moderately

- successful; binding the anions to another polymer results. up to now, in poorly

conducting compounds (5)., Results with Nafion-PEQ alloys shall be presented.

Alsg, the attachment of an anionic complex to the PEOQ backbone through a
donor-acceptor bond does not- warrant an electrochemical stability window large
enough for lithium metal utilization.

So far, the simple LiCl0, or LiCFg S0 complexes, despite their low cationic
transference number, have been successfully used in batteries, provided that
the back-diffusion of the salt concentration gradient is fast enough at the
temperature of operation. .

(1) J.M. CHABAGNO Thése University of Grenoble (1980).

(2) P.M. BLONSKY, D.F. SHRIVER ECS Spring Meeting, Abstract # 77, Toronto,
Canada, May 12-17, (1985).

(3) C. BERTHIER, W. GORECKI, M. MINIER, M.ARMAND, P. RIGAUD, J.M. CHABAGNO
Solid State Ionics 11-1, 91 (1983).

(4) A. GANDINI, J.F. LE NEST, M. LEVEQUE, H. CHERADAME Proceedings of the

Rolduc Polymer Meeting The Netherlands, April (1985).
(5) D.J. BANNISTER, G.R. DAVIES, [.M. WARD, J.E. McINTYRE Polymer 25 1291 (1984).

PS/B-2

USE OF COMPUTER SIMULATION TECHNIQUES
TO STUDY ATOMIC MIGRATION IN SOLIDS
by

Priya Vashishta

Solid State Science Division
Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

No Abstract Available

v 4
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Ps/C-1

STOICHIOMETRY, STRUCTURE AND CONDUCTIVITY OF NASICON

A. Clearfield, M. A. Subramanian, P. R. Rudolf and A. Moini
Department of Chemistry
Texas A&M University
College Station, Texas 77843

NASICON was originally formulated? as a member of the solid solution series
Na, +xZr;SixPy-x0,,, with x =~ 2, Difficulty has been experienced in preparing
this composition from high temperature solid state reactions and some Zr0,
consistently remains unreacted. We have found that thi{s is not the case if
some Sc’* 1s substituted for Zr** and have prepared solids of composition
Na,ScZrSiP,0,, (rhombohedral) and.Na,Sc,.sZr,,sSi,.sP,.s0,, (monoclinic). The
structure of these phases was determined from X-réy powder data and refinement
of occupancy factors confirmed the stoichiométry. NASICON prepared by a
hydrothermal route, followed by calcination, yielded a single phase of
composition Nay. ,Zr,, ¢sS1,.4P,,.,0,,.s. A similar structure determination by
both X-ray and neutron diffraction methods on this non-stoichiometric material

" revealed that about 0.33Na* was located in the Zr"* sites reducing the Zr**

occupancy to 1.67.

Sol-gel breparations of stoichiometric NASICON with x = 2 were found to
precipitate Zr0, at 1150°C whereas similar sol-gel preparations of the non-
stoichiometric phase were stable to at least 1200°C. Neutron diffraction on
the stoichiometric phase, before and after precipitation of Zr0,, was carried
out and will be described. It i3 suggested that the stoichiometry of NASICON

is dependent upon the method of preparation and both stoichiometric and non-
stoichiometric varieties are possible.2'3

1. H. Y-P. Hong, Mat. Res. Bull 11, 173 (1976).

2. A. Clearfield, Solid State Ionics 9/10, 832 (1983).

3. A. Clearfield, M. A. Subramatan, W. ﬁang and P. Jerus, Solid State Ionics
9/10, 895 (1983).

ps/C-2

DYNAMICS OF THE CREATION OF
FRACTAL OBJECTS BY INTERCALATION

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

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

The visual observation of the dynamics of diffusion exhibit a new
effect : the dynamic changes of the topography of the objects
are erratic : strong changes in the gecmetry happens at random ti-
mes. These dynamics changes are produced on a semi-macroscopic scale.
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ps/D-1

RECENT DEVELOPMENTS IN " ALUMINAS

B. Duna
Department ot Materials Science and En;inoerln;
University of Californis
Los Angeles, CA 90024

The phonomenon of high cationic conductivity im solids has beon largely
co:xlinnd to materials which transport monovalent cations such as
Na* ,Li, K, Ag and Cu . In recent years, however, studies of divalent and
trivalent B’ aluminas have demonstrated that fast—ion transport in solids can
occur with many different cations., These aultivalent f’’ aluminas appear to be
the first family of crystalline solids to support the rapid diffusion of
divalent or trivaleat cations at moderate temperatures, Furthermore, these
compounds ozxhibit a number of intoresting optical propesties.

Transport properties have been investigated using a variety of
approaches including ionic conductivity, tracer diffusion and spectroscopic
mapping tschnigru. The conductivity for most divalent '’ sluminas is at
least 10 at 300°C and greatly oxceeds the values reported for any
other divllent soud eloctrolyte ln thlt tenfontu:o range. The trivaleamt B’
aluminas are more rosistive (~10~ at 400°C) but are, nonetholess,
the first solid electrolytes for txivnlent cations. Structural studies
complement the transport moasurements snd an understanding of ion/vacancy
rehuggshipl is beginning to emerge. The unique ion arrangements observed
for Pb in p" llﬂ!lﬂl are believed to be important in ostablishing why the
conductivity of Pb*" B’ alumina is comparable to that of Na' f'' alumina st
25°C. There is considerable evidence of short—range correlation effects for
most of the other divalent isomorphs. Loss information is available for the
trivalent compounds, although indications are that lanthanide ions serve as
very sensitive optical p:obn of the conduction plane.

The ability to readily incorporate trivalent cnlonl has led to ;&0
investigation of the optical properties of lanthanide B'' aluminas. B*
alumina is particularly interesting. It oxhibits several uniuunt effects
including an anomalonsly strong optical sbsorption, a long fluorescence
lifetime and lasing sotion in both pulsed and c.w. modes. The other
lanthanide compositions have not beon investigated in detail, but generally
display rather strong fluorescence. The ion exchange techniquos used to
introduce the lanthanide ions are very attractive for optical materials
bocause of the ability to control the concontration and the valence state of
the optically active ions. Thus, in addition to the unique fast—ion transport
proporties of multivalent B’ aluminas, thore is substantial interost in these
compounds as novel phosphors and solid state laser hosts.

A

PS/D-2
THE APPLICATION OF IMPEDANCE SPECTROSCOPY TO PROBLEMS
IN SOLID STATE IONICS
Ian D. Ralstcick

Blectronics Division, MS DA29

Los Alamos ¥Mational Laboratory
Los Alamos, NM 87545

The applications of complex imped measu ts to solid-state electro-

chemical systems are reviewed. The electrical response of simple bulk proces-
ses such as dielectric relaxation, conductivity, and diffusion is well under-
stood, but the extension of the theory to disordered systems, such as glasses,
polycrystalline, and composite media is less well developed. Interpretations
of empirical models for hupedmci spectra in terms of distributions of relaxa-

a

envir ts are discussed.

tion times or transport in r

Imped spectr Py is also a useful method for examining electro-
chemical interfaces, both in the pr and ab
Detailed information about the kinetics and thermodynamics of elementary proc-
esses, such as charge transfer and adsorption, may be deduced. Again, results

of a Faradalc current.

in real systems, as found, for example, at rough or porous electrode/
electrolyte interfaces, are significantly more complex than expected from sim-
ple models. The role of frequency dependent current distributions in impedance
methods is discussed.
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ps/E-1

USE OF BETA RADIATION-DETECTED NMR .TO STUDY IONIC MOTION IN SOLIDS
Paul Heitjans

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

The method of beta radiation-detected nuclear magnetic resonance ( B8 -NMR)
is introduced and its features and capabilities as a new tool for studying
ionic motions on a microscopic scale are discussed, partly in comparison
with conventional NMR. Information on ion dynamics is obtained from spin-
lattice relaxation rates and resonance spectra of isolated B -active nuclei
embedded in the sample. The polarised probe nuclei are produced by a nucle-
ar reaction. Their polarisation is monitored via the anisotropy of the
B-radiation distribution. . '
Recent applications to the field of solid state ionics are reviewed. As
examples of B-NMR on solids with a layer structure measurements on the in-
tercalation compound LiCg and the ionic conductor Li3N are discussed., Em-
prhasis is on the questions of anisotropic and low-dimensional diffusion. We
further discuss lithium borate and silicate glasses as representatives of
strongly disordered solids. Different modes of ionic motion were found by
spin-relaxation measurements over wide temperature and magnetic field ranges.
We mainly deal with the low-temperature data which reflect the influence of -
defect centres typical of glasses.

PS/E-2 -

AC RESPONSE OF FRACTAL INTERFACES

S.H. Liu and T. Kaplan :
Solid State Division, Oak Ridge National Laboratory
Oak Ridge, TN 37831

and

L.J. Gray
Engineering Physics and Mathematics Division
Oak Ridge National Laboratory, Oak Ridge, TN 37831

ABSTRACT

When a small ac signal passes through the interface between a
metal electrode and an aquecus or solid electrolyte, the current is
expected to encounter ohmic resistances in both substances and a
capacitance across the interface. In reality, however, such an RC
circuit often does not give an adequate description of the ac response
of the interface. It is sometimes necessary to include a so-called

constant -phase-angle element whose impedance has the form Z =(juw)™®,

where w is the angular frequency, j = /=T, and 0 < n < 1. In recent
years it has been demonstrated by many authors that the parameter n is
intimately related to surface roughness, with n approaching unity when
the surface is made increasingly smooth. We propose to model the
rough interface by a fractal called Cantor bar. The equivalent
circuit of the model has the property of the constant-phase-angle
element with an exponent n = 3 - dg, where dy is the Hausdorff
dimension of the model interface, 2 < dy < 3. For a smooth surface

dg * 2 and thus n + 1 is seen experimentally. The model can be made
more realistic if the branching and the scaling are random variables.
The frequency exponent of the impedance n and the fractal dimensiocn of
the surface dy are found to satisfy the same relation, i.e. n =3 -
dg. Thus, we speculate that this relation may be correct for all
rough interfaces which have the fractal geometry,

*Research sponsored by the Division of Materials Sciences, U.S,
Department of Energy under contract DE-AC05-840R21400 with Martin
Marietta Energy Systems, Inc.
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PS/F-1

RECENT DEVELOPMENTS IN FAST 1ION TRANSPORT
IN GLASSY AND AMORPHOUS MATERIALS

C.A. Angell
Department of Chemistry
Purdue University
West Lafayerte, IN 47907

We review new developments in the expanding phenomenology of
amorphous solid electrolytes. We consider separately a) the vitreous
materials in which the charge carriers are highly decoupled from the
supporting matrix, and b) the electrolyte éélysolutions in which the
charge carriers are coupled to, and move cooperatively with, a locally

fluid (though globally elastic) matrix.

In the vitreous cases, new methods of preparation, including vapor
deposition and sol-gel processes, are allowing éxploration of
compositions in previously inaccessible regions, and of new vitreous
"states" within known composition regions. Also, use of new heavy
element oxide and chalogenide matrixes with lower glass transition

temperatures has yieided improved ambient temperature conductivities

with coanventionally prepared glasses. The highest conductivities are

still obtained with Ag*- and Cu*- containing glasses. New Ag* glasses
containing only halide anions yield 0(25”'C) = 0.047 ohm'lcm‘l, even
higher than for the Agl + oxyanion-containing ﬁateria!s. Fast
anion-conducting (F~,C17), and possibly' fast-divalent cation-
conducting (pb2+) glasses have been developed. Ve emphasize the
importance of studying the fast ion motions by mechanical response in
addition to electrical response measurements. Data on several systems
are now available from low frequency tensile, ultrasonic, and
hypersonic (Brillouin light scattering) techniques .cover‘i'ngv ten
decades of frequency. These show that the mechanical response has the
same average time constant as the electrical, and the same activation
energy but quite different spectral widths (relaxation time
distributions). The attempt frequency for each corresponds to the
quasi-lattice vibration frequency observed in the far IR absorption

spectrum. Of special importance is the observation that the change

in mechanical modulus due to relaxation of the fast 1ovns, decreases
with increasing temperature. This seems incompatible with weak
electrolyte wmodels which require the number of displaceable ‘ions' to
increase with increasing temperatures.

In the electrolyte polysolution field, new polymeric solvents with
more flexible backbones, hence lower “"local” viscosities at ambient
temperatures, have been developed._ The "solid” electrolytes based on
these show behavior which {is fully predictible from models developed
for ordinary concentrated electrolyte solutions. To elucidate the
ion-solvent coupling we examine the correlation of conductivity
relaxation times with the "local” structural (viscoelastic) relaxation
times probed by dynamic mechanical and light scattering céchnlques.
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PS/F-2

HYDROGEN INSERTION COMPOUNDS QE TRANSITION 'METAL OXIDES

P. G. Dickens and S. Crouch-Baker
Abstract

Many transition metal oxides (and oxide hydrates) Hon.mHéO (m = 0,1,2)
react at ambient temperature with dissociated hydrogen to form non-
stoichiometric hydrogen insertion compounds H,MO,.mH0 which exhibit
unusual electronic and structural features. In this paper the structure,

bonding and proton mobility in compounds of this type are examined.
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PS/G-1
SOLID IONIC CONDUCTORS IN CHEMICAL SENSORS

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

Interest in sensors is rapidly growing because of increasing demand for more
efficient industrial production, for environment monitoring and for analysis. Robots
and partially automated consumer goods such as automobiles and appliances need
sensors. Another driving force is the decreasing cost of small computers which can
be associated with imperfect sensors to form practical "intelligent" measuring systems.

Pure ionic and mixed conductors can be implemented in various types of chemical
sensors. At present, in most cases, pure ionic conductors (solid electrolytes) are
used as sensitive membranes in potentiometric cells. Basic technologies differ depending
on whether the analyzed species is ionic or neutral (and whether the "solvent" of
the heutral species is electrically insulating or conducting). The small additional
electronic conductivity of the solid electrolytes, which is a constant concern in neutral
species sensors, is, in principle, not detrimental in ion sensors. Even mixed conductors
can be used. Here the risk is possible interference with redox couples probing. Among
the various solid electrolytes, crystallized materials are less attractive in terms
of technological implementation. On the other hand,they are likely to offer improved
selectivity. '

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

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

'industry applications they can be thermally sterilized. Another promising advantage
is their ability to be miniaturized and therefore integrated with appro;;ﬁate electronics.
Various ChemFETS, ISFETS, GasFETS, have already been tested. '

Other cells and other operation modés have been envisaged and implemented.
Some devices are operated under constant voitage in a polarographic-like mode.
The resulting current is a measurement of the diffusion-limited supply of the analyzed
species. Various materials can be used in thin layers as conductivity-sensible sensors.
Intercalation compounds are certainly good candidates for this application. Others
can form "ionic bridges" for improved internal references.

Of course, sensors can be associated with various pretreatments of the analyzed
media (thermal, enzimatic...) and with an¢illary devices (in the oxygen pump-gauge
for instance) which extend their field of application.

Solid State lonics can also contribute new ideas, and explanations, to the sensor
field!! An example is the ionically-linked catalytic electrode.
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PS/G-2

APPLICATION OF SOLID OXIDE ELECTROLYTES TO WATER VAPOR BLECTROLYSIS*
! F. J. Salzano
Department of Applied Scileace
Brookhaven National Laboratory
Optoa, NY 11973

ABSTRACT

A substantial amount of energy 1is required to electrolyze liquid water
for the production of hydrogen and oxygen. The energy required in this proc~
ess decomposes water as well as coaverting the liquid to vapor. Thus, gains
can be made by electrolysis of vapor and further gains made by carrying out
the process at higher temperatures, where the free energy of formation of
water is decreased. The thermodynamics of high temperature water vapor elec—
trolysis are discussed. Various process considerations are examined in terms
of the materials and engineering requirements ian which one may make tradeoffs
between thermal efficiency, cost and equipment utilization. Gaians in effic-
iency over conventional Iliquid electrolysis processes can be greater than
40%.  Process tradeoffs are discussed in terms of overall thermal efficien-
cies, voltage/thermal requirements, steam conversions and heat recovery.
These analyses show some of the possible tradeoffs between plant couwplexity,’
voltage efficiency and show the insentive for continued research to identify
improved alternative electrolytes and electrode materials for this
application. :

*This research was performed under the auspices of the U.S. Department of
Energy under Contract No. DE-AC02-76CH00016.
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EQUIVALENT CIRCUITS FOR REACTION/DIFFUSION
SEQUENCES AT THREE-PHASE ELECTRODES

Donald R. Franceschetti
Department of Physics
Memphig State University
Memphis, Tennessee 38152

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

Small-signal ac techniques are often employed to characterize the elec-
trode processes at three-phase electrodes and a large number of equivalent
circuits - involving resistive, capacitive, and Warburg or constant-phase-
angle elements - have been employed to analyze the data. Although a number
of the circuits so employed have been derived from well-defined models of
the interface, other circuits have been chosen with only limited justifica-
tion, 1In the present work, the ‘nrmalism of complex, frequency-dependent
rate constants, introduced by Liny) and developed by Macdonald and the au-
thor, is used to obtain equivalent circuits for a variety of three-phase
electrodes in a systemstic way. Specisl consideration is given to situa-
tions involving more than one significant diffusional process and to simul-
taneous diffusion and adsorption. Diffusion is examined in both cylindrical
and linear geometries and the possibility of a distribution of electrode/
electrolyte contact areas is treated iu an approximate way. The circuits
thus obtained involve a number of generalizations of the Warburg element,
vhich are compared to both simple Warburg and constant-phase-angle behav-
ior.

P2/TH-2

PARTICLE CORRELATIONS IN SILVER CHROﬂftM
SULFIDE AND SELENIDE LAYERED COMPOUNDS

J. E. Hammerberg
Dept. of Physics
Virginia Commonwealth Univ.
. i Richmond, Virginia 23284

Recent measurements of diffuse X-ray scattering in AgCr5; have
shown a 'liquid-like' radial distribution function for silver
jons in the fast ion conducting regimel, An approximate inte-
gral equation for these correlations is derived vhich takes into
account the volume exclusion due to the geometry of conduction
paths. Solutions for the averaged pair distribution function
will be presented and the question of octahedral occupancy will
be discussed. : .

(1) T. Hibma, Phys. Rev B28, 568 (1983)



P3/TH-3

Dynamic Bond Percolation and Effective-Medium Models for Ionic

Conduction in Polymer Electrolytes

Stephen D. Druger, A. Nitzan, and Mark A. Ratner
Department of Chemistry and Materials Research Center
Northwestern University, Evanston, 1L 60201

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

Processes in which the carrier transport mechanism involves motion of the
host medium on a timescale comparable to that of the carrier motion itself
require generalization of the usual models based on carrier hopping in a static
medium, Under the assumption that this concurrent motion of the host can be

modeled by a random reassignment (or "renewal”) of hopping probabilities, with a

constant probability )\ per uait time for renewal to occur, the effects of host
aotion on the frequency-dependent diffusion coefficlent D(w) have been con-
sidered, and the diffusion coefficient D(w) with renewal has been shown to be
obtainable from D(y) without renewal through the formal substitution iy + A +
iy. These results have then been employed to obtain expressions for the time-
dependent mean-square displacement of carriers when renewal oceurs in terms of
the mean square displacement without renewal. Further approximation leadsito
analytic expressions for the frequency-dependent conductivity and dielectric L
function of the host-plus-carrier system. Comparison with recent experimenta
data then ylelds a reasonably good £it of theory to experiment.

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

The relations between static and dynamic bond percolatifon results have been
employed to study further the effect of pathway renewal on lonic transport in
tw and three dimensions, leading to new insights into the frequency-dependent
transport mechanisms observed experimentally in the polymer electrolytes.
Applications to particular experiments, including microwave conductivity
experiments on PEO systems and dielectric relaxation work on a number of poly~
meric electrolytes are discussed.
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IONIC TRANSPORT IN ANION DEFICIENT FLUORITE OXIDES

A.N. Cormack and C.R.A. Catlow

Cepartment of Chemistry, University College London, WCIH OAJ, UK

Anion deficient oxides with the fluorite (or fluorite related)
structure are well known fast {on conductors, finding a wide range of

technological uses.

Alinough the anion deficiency can arise through non-stoichiometry,
e.g. CeC,-=, it most commonly arises from doping with a lower valent
25tion sush as Y’+,Gda’+, or Cal+,Mg?+, Indeed, Zrd, is only stabie in the

fluorite structure with substantial concentrations of dopants.

It is =2lear that transport dominated processes such as ionic
ccnduc:i'vity will be heavily influenced Dy interactions betwaen dopant
cations and their charge compensating anion vacancies.

in tnis presentation, we will show how one may highlight the
reilevant importance of these interactions using computer based
theoretical methods. Qur discussion will be based on a comparison of the
Sehaviour of tetragonal and cubic zirconia, from whieh it will be seen
that the simple idea of pair association may not always be appropriate. We
will also show how vacancy transport in the pyrochlore Gd,Ir,0, (which is,
structurally, closely related to fluorite) may be understood as a result
of thedretical considerations.

Th: importance of adequate, and consistent, interatomic potential
models is emphasised and the relationship of these interatcmic
potentials to structural properties such as ifonlc radius and cell
parameter is also considered.
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MODEL FOR THE COMPOSITION DEPENDENCE OF CONDUCTIVITY
OF AN JONIC CONDUCTOR CONTAINING SUBMICRON INSULATOR PARTICLES!

J. C. Wang and N. J. Dudney
Solid State Division, Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

The ionic conductivity of several metal halides such as Agl and Lil can be
enhanced by orders of magnitude by the addition of submicron particles of some
insulators such as A1,03.2,3 Generally, the conductivity o(c) increases with
the volume fraction c of the insulator particles, goes through a maximum when
¢ is between 0.1 and 0.5, and drops to the value of the insulator at ¢s1. It
is believed that the enhancement is due to the existence of a high conduc-

tivity layer around each particle,3,* but the mechanism of this is uncertain.$

In this work, we assume the existence of this high conductivity layer, calcu-
tate the composition dependence of the conductivity using a very simple model,
and extract information about the structure of the high conductivity layer.

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

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

1Research sponsored by the Division of Materials Sciences, U.S. Department of
Energy under contract DE-AC05-840R21400 with Martin Marietta Energy Systems,
ne.

2C. C. Liang, J. Electrochem. Soc. 120, 1289 (1973).

3J. 8. Wagner, Jr., Mater. Res. BulT. 15, 1691 (1980).

“A. M. Stoneham, E. Wade, and J. A. KiTner, Mater. Res. Bull. 14, 661 (1979).
SN. J. Dudney, “Enhanced lonic Conductivity in Composite Electralytes,” this
conference,
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NMR T, AND LINE NARROWING IN SUPERIONICS-
A CONSISTENT INTERPRETATION®

J.L. Bjorkstam, J. Listerud and M. Villa®
Department of Electrical Engineering
University of Washington, Seattle, WA 98195.

*Instituto di Fisica e Gruppo Nazionale di Struttura della
Materia del CNR, 27100 Pavia, ITALY.

A feature which is particularly common in nuclear magnetic resonance
studies of superionics is an asymmetrical &n Tl vs T'] dependence in
which the high temperature slope gives an activation energy EH consistent
with conductivity values, while data on the low temperature side of the
spin-lattice relaxation minimum yields an activation energy EL'substan-
tially lower than EH. Analysis of line narrowing gives an activation
energy ELN = EL'

In some cases it has been possible to obtain agreement with the &n T],
'H T" dependence, and frequency dependence of T] in terms of diffusion
models for transport (M. Villa and J. Bjorkstam, Phys. Rev. 822(1980)
5033-42) and/or ad hoc models which relate the "half-narrowing” point of
the low temperature 1ine-width to T] {J. Bjorkstam, M. Villa, and J. Frye,
in "Nuclear and Electron Resonance Spectroscopies Applied to Materials
Science," E. Kaufman and J. Shenoy, eds. - North Holland (Amsterdam 1981)
p. 295). However, C.A. Scholl has suggested that diffusion models should
lead to a low temperature (high frequency) limit in which EL - EH (J. Phys.
C, 14 (1981) 447-464). We demonstrate with diffusion models for which there
is an exact solution that Scholl's suggestion can be valid, but that this
asymptotic limit may be unreachable in actual experiments. We also call
attention to the fact that both low temperature T] and line narrowing ex-
periments sample the high frequency spectral density so may be expected to
give comparable values of activation energy, as we demonstrate experimen-
tally. Comparison is made with several examples of experimental data in
which the transport motional contribution to the relaxation processes can
be separated from that due to other mechanisms. We are able to give a

"rather general consistent interpretation of the temperature and frequéncy

dependence of T] and line narrcwing.

°Supported by U.S. Department of Energy Grant DE-FGO6-84ER 45065.
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APPLICATICN OF THE LOGARITHMIC LAW OF MIXING FOR THE
ESTIMATION OF COMPLEX FERMITTIVITY AND ELECTRICAL
CONDUCTIVITY OF FAST ION CONDUCTORS AT MICROWAVE FREQUENCIES

P.S. Neelakantaswamy and S.K. Akhter
Cepartment of Fhysics
National University of Singapore
Singapore 0511

B.V.R. Chowdari,

In practice, electrical conductivity and dielectric constant studies of
a fast ion conductor needs extremely accurate measurements owing to its low
resistance which may be comparable in magnitude with electrode-electrolyte

contact resistance., The complexity of the instrumentation becomes significant

if the measurements are to be made at microwave frequencies. Conventional
transmission-line techniques ingeneral become less appropriate for the study
of high-lossy materials like fast ion conductors at microwave frequencies. -

It is well established from the conductivity measurements carried out on

materials which ccntain & mixture of two or more phases with differing conduc-

tivities, the measured conductivity is of some form of average of the various
constituent conductivities. Such a practical situation makes the test sample
made of 8 mixture of fast ion conductor and an insulator less-lossy and hence
enable us to use conventional "Von-Hippel technique” for studies at microwave
frequencies. : - '

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

. i=m
log e* = . T y. log €.
) ) jay 3 i
vhere y; represents the volume fraction of the constituent whose permittivity

is €j. This paper considers the application of the theory of logarithmic law of
mixing for the estimation of permittivity and hence the electrical conductivity
of a fast ion conductor. As a model material AgI, for vwhich actual measurements

over a wide tempersture and frequency range are available, has been chosen.

Theoretical analysis of the logarithmic law of mixing showed the existance
of some sort of linear relation between the measured value of the permittivity

and the volume fraction of packing. The measured data on the mixtures of
B-Agl and alumina for various compositions. or various volume fractions at

various temperatures using microwave slotted line technique in frequency. range
8 - 12 GHz is fitted to the theoretically obtained linear relation and finally

the value of the dielectric constant €' has been estimated for an 100%

Agl sample. Similarly loss tangent and hence ¢", the imaginary part of e*,
has also been estimated. Knowing both ¢” and ¢', electrical conductivity ¢
is calculated using the relation o = we _c¢" where ¢_ is the permittivity of
the free space and w the angular frequency. Estimated values of both
permittivity and conductivity for both a-and B-Agl agree fairly well with
those reported earlier (1).

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

M, C. Wintersgill, J. J. Fontanella, J. P, Calame, M. K. Smith
Physics Department
U.S. Naval Academy
Annapolis, Md 21402, USA

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

New York, NY

. C. G. Andeen
<= Physics Department,
Case Western Reserve University
Cleveland, Oh 44106, USA.

Electrical conductivity, dielectric relaxation (DR), differential
scanning -calorimetry (DSC) and nuclear magnetic resonance (NMR) studies
have been carried out on poly(vinyl acetate) (PVAc) complexed with a
variety of lithium and sodium salts including perchlorates, triflates and
iodides. The electrical -nductivity and dielectric relaxation
measurements were carried out using a fully autemated complex impedance
bridge operating at seventeen frequencies over the range 10-10%* Hz. The
conduc81vity varies with the concentration of the salt. For example,
at 102°C the conductivity for 8:1 PVAc-11thium perchlorate is about 10~7
(ohr{u—cﬂ))“l while that for 4:1 material is about § times greater., The
variation of the conductivity with temperature is also described. The
electrical relaxation spectrum. for pure PVAc consists of four peaks.
Significant differences are seen in the complexed materfal. For example,
for 8:1 PVAc-lithium perchlorate most peaks are similar to those observed
in pure PVAc while for 8:1 PVAc-sodium perchlorate, the spectrum is
strongly affected. The spectra for PVAc-lithium todide and PVAc-lithium
triflate are extremely simple. The DSC studies were carried out using a
DuPont‘990 DSC and show three thermal features which are dependent upon
the s_'t and the thermal history of the samples. Finally, new NMR studies
are presented, The results are considered in ‘the light of previous work
on PVAc complexed with lithium perchlorate (1) and a model similar to that

“for an ionic elastomer,

1. M. C. Wintersgill, J. J. Fontanella, J. P. Calame, S. G. Greenbaum,
and C. G. Andeen, J. Electrochem. Soc., 131, 2208 (1984),

*This work was supported in part by the Office of Naval Research.
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sw Polyphosphazene and Polyelectrolyte Solid Electrolytes
D. F. Shriver, P. M. Blonsky, L. C. Hardy '
Department of Chemistry and Materials Research Center,
Northwestern University, Evanston, IL 60201
and
H. R. Allcock. P. Austin and J. Siske .
Department of Chemistry, Pennsylvania State University,
: University Park, PA 16802 '

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

Polyphosphazenes are attractive for electrolyte synthesis on three
counts: 1) The linear chlorophosphazene [N=PCl,]., can be modified chemically
o yjeld a wide range of substituted polymers. 5 The high molecular weight
(>10”) polymers produced are stable and not crosslinked. 3) Fully substituted
phosphazene polymers frequently have very low values of Tg.

A gseries of polyphosphazenes, [N=P((0CyH,),0CHq),] (x = 1,2,4,7,11,42; n
2 15,000), were prepared by the interaction of sodium pt;‘lyether alkoxides with
the linear chlorophosphazene:

[N'PClzln + 2nNaOR = [N-P(OR)Z]n + 2nNaCl

For x = 2 the polyphosphazene is referred to as MEEP, and this polymer was
uged to form polymer-salt complexes. These complexes were prepared with a
variety of mono and divalent triflate salts (Na, Li, K, Rb, Sr, Mg, Ag, Cu,
Zn; triflate=S04CF3”). In addition, trivalent salts were also complexed
(“2(5061)3' Ndz(SOA)J, NA3Co(N02)6) by the polymers. Characterlﬂtio:hof the
pure polymers and polymer-salt complexes were performed by IR, (°'P, C) NMR,
X-ray diffraction, differentfal scanning calorimetry (DSC), optical
oicroscopy, gel chromatography, ac complex impedance (5-500,000 Hz), and dc
polarization methods. Between room temperature and 100°C, the conductivity of
(LiSO3CF3)0_25'HEEP is 1-3 orders of magnitude larger than that of similar
poly(ethylene oxide) systems. Polarization cell experiments, on triflate salt
complexes, indicate that the transport number for Ag’ 1s 0.03 or less at 50°C,
and for Li* ic 1s 0.32 under the same conditions.

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

P20lo Ferloni, Aldo Magistris and Manlic Sanesi
Centro 4i Studio per la Termodinamica ed Elettrachimica dei Sistemi
Szlini Fusi e Sclidi del €. N. R., ¢/o Dipartimento di Chimica Fisica
Viale Taramelli {6 - 27100 Pavia, Italy

This paper discusses the thermal properties and ion transport charactaristics of
ths complerss formed by poivethyvlens oxide (PED) and lithium perchlorats. This
polymeric electrclvte has been prepared by dizsolving PEQ (M. W. = 4.10°% and
lithjum perchlorate in acetonitrile and evaporating the sclvent at room
temperaturs. We have examined nine different compositions over a l.i\:lo4
sonzentration range of 0 - 20 mele%. ’

The thermal stability of the complexes was investigated by thermegravimetric
analysis. and the phase transitions were eramined by diffsersntial scanning
calorimetry in the range 200 - 500 K. Complex ac-impedance analysis has been
carrisd out {rom room tempersture to 500 X with blocking electrodes to
determine the conductivity and activation eneragies of the complexes. To
characterize the ion transport mechanism, the conductivity has also besn
measursd wWith the four probe DC method ind with the complex impedencs methed
using rsversible Li electrodes.

The conductivity of thess complexes reaches a maximum for a PEO/L{ ratio of
about B:1. The ionic transport numbers have besn measursd 1s a function of
temperature for this composition.
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TEMPERATURE-DEPENDENT SPECTROSCOPIC STUDIES OF POLY (PROPYLENE OXIDE) AND POLY-
(PROPYLENE OXIDE)-INORGANIC SALT COMPLEXES

Dale Teeters
Department of Chemistry
University of Tulsa
Tulsa, Oklahoma 74104
Roger Frech
Department of Chemistry
University of Oklahoma
Norman, Oklahoma 73019

o spectroscopic studies have been performed on low molecular weight poly-
?i::pylzne oxideg polymers and complexes of these polymers with !irious lnorginlc
salts. A low frequency vibrational mode at approximately 239 cm™%, tentatively
assigned to a bending or torsional motion of the polymer backbone, is the most
sensitive to the addition of the inorganic salits. Temperature-dependent Raman
scattering spectra have been measured from ambient up to temperatures at which
sample degradation occurs. Dramatic spectral changes have been observed over
the temperature interval 1400-180°C in polymers complexed with inorganic salts.
These data are discussed in terms of models which iavoke temperature-dependent
bandwidths originating in disordering mechanisms.
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STRUCTURE AND IONIC CONDUCTIVITY IN EVAPORATED THIN FILMS

OF POLY(ETHYLENE OXIDE) COMPLEXED WITH LiCFJSO3

Yukio ITO, Kiyoaki SHAKUSHIRO, Katgukj MIYAUCHI
and Tetsuichi KUDO
- Central Research Laboratery, Hitachi Led.,
P.0. Box 2, Kokubunji, Tokyo 185, Japan

The complexes formed between polv(ethylene oxide) (PEO) and alkali
metal salts have been attracting a great deal of attention because of
their potential application as electrolytes in bacteries and other
electrochemical devices. The polymer salt complex films have usually been
obtained by soluction cascing onto plates and heating under vacuyum.
Evajorazed thin films c¢f PEO complexed with LiCF.SO, are produced.
This paper reports on the first preparation and Zhafacterizatton of
evaporated polymer complex films, along with information on their
structure and electrical properties.

Thin films are formed by evaporating a suitable mixture of powdered
PEQ and LiCF,30, charged in a tungsten boat onto silica glass subscrates
at room température, The starting compositions are (PED) LiCF,.SO, with
4£x518. The deposition rate is~0.5 nm/s in a § x10-4Pa vacium:

The structural information of thin films is obtained by employing
ingfared absorpcion spectroscopy. The IR spectra in the region 400 ~4600
cm © for evaporated thin films show a close similarity to the. spectra for
(PEO) _LiCF,SO, films prepared by solution casting. This result suggests
that the findimental structure of the evaporated films is very similar
to that of (PEO)xLiCFJSO3 complexes,

The molecular weights of evaporated films are determined using
gel permeation chromatography. Polv(ethylene oxide), used as the starting
material, has an average molecular weight of about 600000. The molecular
weight of (PEO) LiCF350 complexes formed by cascing shows almost tne same
value as that of the PE0 used.  When a mixture of PEO and LiCF.SO. is

evaporated, the molecular weight of the film obtained decreases to’a value
of 1000 — 10000.

Conductivicties parallel to the evaporated film surfaces are measured
on specimens with interdigical Au blocking electrodes fabricated on their
surfaces, The conductivity plots of log 7 against L/T is approximately
linear in the measuring tezperature region up to 150 °C. Total ionic
conductivities ex:raporatedléo_toon temperature for the evaporated filams
with 4 SxS18 are ~ 107> Q 'ca™'. This value is about ten times larger
than for (PEO) LiCF.SO, complexes formed by cascing. The activation
energies for the ionic conduction are about 25 kJ/mol. This ionic
conducting behavior for the evaporated thin films is clarified in terms of
their structure and molecular weights.
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CHARACTERICZATION AND THERMAL STABILITY OF POLYANILINE, (¢N)*

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

‘Polyaniline’ has been known for about 100 years as 3 ill-defined
black sclid which has never been completely characte:ized.'in this work,
we have taken a closer look at this unique material which can 9e4sgnthesized
by both chemical and electrochemical oxidation of aniline, @NH): Sateral
forms of the polymer exist, including one which exhibits metnliic condyctivity
obtained by p-doping via a simple acid/base reaction in aqueous solution
which involves no formal oxidation of the polymer. The four idealized forms
of the polymer are shown below.
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Preliminary experiments have indicated that polyaniline may function as
a lighrweight ,inexpensive electroactive electrode for use in a rechargeable
dry cell battery or fuel cell. ’

In this work we have investigated the thermal stability of polyaniline
in the 2A and 25 forms using both differential scanning calorimetry and
thermogravimetric analysis,as a function of oxygen partial pressure, These
techniques, in conjunction with elemental chemical analysis, IR, mass
spectroscopy.electrochemical studies and conductivity measurements, have
been used to characterize polyaniline synthesized by both chemical and
electrochemical methods. We have obtained polyaniline in both 2A and 25 form
which is thermally stable to temperatures in excess of 100°C and which still
retainshigh conductivity in the 2S state. Samples of 2A show no weight loss
up to 300°C.althouqh a unique exothermic chemical reaction occurs in the
polymer in the temperature range 150-300"C. Details of this process will
be presented.

REFERENCES
1) R.de Surville,M.Jozefowicz,L.T¥.Yu,J.Perichon &R.Buvet,Electrochemica
Acta, 13 1451 (1968)
2) M.poriomedoff,F.Hautiere-Cristofini,R.deSurville,M.Jozefowicz,L.T.Yu
& R.Buvet, J.Chim.Phvs., 68, 1055 (1971)
3) A.G.MacDiarmid,J.C.Chiang,M.Halpern,W.SHuang,S.L.Mu,N.L.D.Somasiri,
W.Wu and S.I.Yaniger, MolCryst. Ligud Cryst, in press (1985)
4) E.M.Genies,A.A.Syed and C.Tsintavis,Mol.Crvst.Liquid Crvst,in press (1985)
S} A.Kitani,J.Izumi,J.Yano,Y.Hiromoto and K.Sasaki Bull Chem Soc.Japan,57 2254
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POLY (ETHYLENE OXIDE)-LiCF3503-POLYSTYRENE ELECTROLYTE SYSTEMS

Fiona M. Gray, James R. MacCallum and Colin A. Vincent
Department of Chemistry, University of St. Andrews,
St. Andrews, Fife KY16 9ST, Scotland.

‘Poly(ethylene oxide) doped with lithium salts is, to date, one of the
most promising materials for practical use as a polymeric electrolyte. The
material is, however, susceptible to creep at elevased temperatures. By
introducing 8 second "structural' polymer of nuc@ h}gher Tg» Fh;; effect
was considerably reduced but at some expense of ioni¢ conductivity.

Polystyrene CTz = 100 °C) was incorporatgd into the PEO-LiCF3S03
complex to act as s support polymer and thus improve the physical proper-
ties of PEQ. A range of polymer systeas, (polystyrene)y (PEO) gLiCF 3S03)
were prepared by thermal polymerisation of styrene in the presence of the
polyether and salt, in the sbsence of solvent. X represents the volume §
polystyrene and O X< 80. Spectroscopic data indicated the presence of
graft copolymer along with a mixture of pure polymer components. The
relative physical strength of these polymer systems was lgasured by pene-~
trometry, both at room temperature and above the ?EO melting point and was
shown to imcrease correspondingly with concentration of polystyrene.

Thin films were formed by a hot-pressing technique and a.c. condug-
tivities measured over a temperature vange 20-150 °C. Three condEctivxty
regions may be identified: below 60 *C, 60-100 °C apd above 100 C. In
general, the conductivities were found to decrease with nn.xncreuse §n
polystyrene concentration, but a rapid decrease was not eyt@ent,.untxl a
percolation limit had been exceeded. The fall in conductivity with respect
to concentration was found to be greater in the low tesiperature region. An
interpretation of the conductivity data within the three regions will be
given.

Conductivities were compared for films of PEO-LiCF3503 complexes
prepared by various méthods. Conductivities of annealed, pressed films
were found to be higher by an order of half a decade compared to those of
solvent-cast. films. Specific conductivity values for systems containing up
to 40 volume % polystyrene were greater than published valpes fo? [ ]

PEO, gLiCF3S03 systea. The much improved mechanical stability, with a
relatively small loss of conductivity above 60 °C in 20-60 volu-g % systems
may make these viable materials for electrolytes for cells used in the
higher temperature range. . .
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ELECTRICAL PROPERTIES OF LITHIUM CONDUCTIVE SULFUR GLASSES PREPARED BY TWIN
ROLLER QUENCHING

Annie PRADEL and Michel RIBES
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34060 MONTPELLIER Cedex
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A<tuin roller apparatus has been designed to be used in a controlled en-

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

by fast quenching. The quenched flakes of about SOum thickness and few mm2

area have been used to perform electrical heasurements.

. Vitreous domain in the system L125-6e52 has been extended and a glass with

as high as 63 % LLZS has been prepared which correspon:s at'lf‘i more in
(flem)” ' at 25° C.

. For the first time, glasses have been.obtained in the system LIZS-SLSZ,

modifier than previously. Its conductivity reaches 107

electrical characteristics of these glasses have been measured.

. Studies on glass formation and electrical conductivity have been carried
out in the L12$-XSZ-L1! systems with the ratio LiZS/XSé s 3/2 vwhen X = Ge
and 2/3 when X = Si.

The electrical characteristics of a fast quenched glass, and of the corres-
ponding glass prepared in the classical way, have been compared in order

to evaluate the influence of the cooling rate.
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PSEUDOSPIN ECHOES 1IN A FAMILY OF [IONIC CONDUCTING
LITHIUM BORATE GLASSES .

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

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

We have performed a low temperature study of -a family of glasses with
the general composition : B,0, -2 Li,0-y LiCl . These glasses are fast
ionic conductors. We present here the results of a series of echo experi-
ments. We could produce and observe the echoes from 0.075 K up to 0.600 K,
with a sequence of two (or three) acoustic pulses, of frequency about
500 MHz.

At such low temperatures, the ionic conductivity is completely
"frozen" : the pobile ions are trapped. But, anyway, if there is no chance
for Arrhenius activated hopping, these ions may undergo some quantum tun-
neling between two neighbouring equilibrium positions ; therefore the
addition of mobile ions to B,0, could result, at lov temperatures, in a
contribution to the so-called "Two Level Systems" (TLS). (Such an argument
has already, and successfully, been invokated in the interpretation of
acoustic low temperature properties of 8 alumina). For such TLS, s longi=
tudinal (T;) and a transverse (T;) relaxation times are defined.

We have measured T; with tvo-pulie sequences and T, with threse-pulse
sequences, for different temperatures. Ty and T, are of the order of 10 us
at T = 250 oK, and show &8 T™! behaviour. Furthermore, we have measured
the power of the echo as a function of the input scoustic power ; through
that measurement we can infer that the TLS responsible for the echoes are
weakly coupled to the phonons (interaction energy not greater than 10 eV).

*permanent address : Department of Physics, Oakland University, Rochester,
Michigan 48063, U.S.A. ’ .

tassociated with the Centre Natioﬁal de la Recherche Scientifique.

‘
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IONIC CONDUCTIVITY AND GLASS TRANSITION OF BCRGPHOIPHATE GLASSES

Geetznc Chiodelli and Alde Maqgistris
Centro di Studio per la Termodinamica ed Elettrochimica dei Sistem
cahini Fusi e Sclidi de} C N. R ., c/o Dipartimento di Chimice Fizice
Visle Taramelli 16 - 27100 Pavia. Italy

Mzrce Ville
Dipartimento di Fisica “A. Volta" e Gruppo Nazicnale di Struttura dells
Materie del ¢. N. R. . Viz Bass: 6. 27100 Pavie. Italy

Oxide glasses obtained from & glass former \such s boron oride). & metal oride
\M.0) end & helide sait (MX) can be gocd catiomic (M ) ccnductors Many
svitemsnc investigations have bsen reported which show that conductivity always
improves by adding a "dcpent” selt (MX). bv choosing large and pclarizable
X-anions and by sybstituting orygen with sulfur. This paper focusses upon a
lese kncwn methed of optimizing cetion conductivity in oxade qla;se: baszed upon
partial substituition of on® glass tcrmer with ancther It er.umxngs what we
will call “mixed anion effects”. i e the highly non linesr tehevier cf scme
property as a function of the psrcentage of the replacement of one glass former
by ancther

We have explored glass formeation regions. conductivity and glase trensition
phenomena in the systems HX:HZO:BZ.O 'P%O{ \M=Li. Ag:; X=Cl. I). The ectivetion
energiss for conductivity in the absénie 6f MX ususlly reach a minimum in
substances with two-glass formers. On the other hand, the T ‘s attain the
highest values for [B1/[P) ratios that are close to those which optimize
conductivity

The addition of a halide salt always improves the conductivity but does not

alwavs atfect T_ At the highest levels of deping. some of the mixed glasses heve

conductivities c?ose to those observed in the corres=ponding pure borate

glasees. The addition of silver iodide tc silver borophosphate glasses with -
optimized conductivity dramatically rejuces T . In contrast, the addition of LiC}
to lithium borophosphate glasses with opumizad conductivity does not ’
significantly change their glass transiticn temperetures.

P18/G-4

CONDUCTIVITY RELAXATION AND SPIN LATTICE RELAXATION IN LITHIUM AND
N MIXED ALKALI BORATE GLASSES: ACTIVATION ENTUALPIES, ANOMALOUS
1SOTOPE-MASS EFFECT AND MIXED ALKALI EFFECT

K. L. Ngai
Naval Research Laboratory
Washington, D.C. 20375-5000

and

H. Jain
Brookhaven National Laboratory
Upton, New York 11973

Measurcments of the frequency and temperature dependences of the spin-
lattice! and conductivity rclaxations? in a series of mixed isotope (7Li, 5Li)
and one mixed alkali (Li, Na) triborate glasses are discussed and described by
a unified model of relaxation. Tuae frequency dependence  of the conductivity
rclaxation data is found to be well described by the model. This success is
no longer a surprise because the same model has been found to also describe
well the conductivity relaxation in other ionic conductors such as Naf-
alumina, alkali silicate glasses, etc. In the mixed isotope (’Li, ®Li) tri-
borate glasses, an anomalous isotope-mass effect in the electrical conduc-
tivity has been observed. The model predicts a correlation between the shape
of the electric modulus frequency dependence curve and the magnitude of the
isotope-mass ecffect. The predicted correlation is found to hold quantita-
tively at all temperatures of measuremenlL with use of a vibrational frequency
which has been obtained by infrared-spectra measurements. HMoreover the model
predicts the observed activation enthalpy of clectrical conductivity E_ is
only an apparent one and is related to a more fundamental activation enthalpy
Ea by the relation E =E_(1-n) where n is the shape paramcter of the electric
modulus frequency dependence curve. Spin-lattice relaxation times (T.) mea-

surements of localized alkali motion in the same dnixe_d isotope (7Li, 8Li)
triborate glasses on the low temperaturc side of the T, minimum have indeed
given the value of activation enthalpy I'I.[1 in good agreement with the pre-

dicted E . This gives additional support for the relevance of the relaxation
model in“glasses. ’

The modcl has more to say about the difference in magnitudes of the mixed
alkali effect observed via E_ and via E; .} The mixed alkali effect measured
for (0.49 Li, 0.51 Na)20: 2‘.’75 BZO3 via Ea is again an apparent one, related

to a more fundam¢.'tal mixed alkali effect exemplified by E‘l‘ .
1

1. H. Jain, G. Balzer-Jollanbeck and O. Kanert, J. Am. Ceramic Soc. 68, XXX
(1985). - :

2. H.L. Downing, N.L. Peterson, and H. Jain, J. Non-Cryst. Solids 50, 203
(1982).

3. K.L. Ngai, R.W. Rendell, and H. Jain, Phys. Rev. B 30, 2133 (1984).
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PREPARATION AND CONUCTIVITY MEASUREMENTS OF SiSy-Liz$S GLASSES DOPED viTH
LiBzr AND LiC1

JORN H, KENNEDY, SAEED SAS\\, STEVEN W. SHEA, AND Z. ZHANG, Depsrtment of
Chenistry, University of ;nlllOSHil. Sapte Barbara, CA 93106.

A pumber of conductive sulfide-based lithiva glasses, which can be

‘used ss electrolytes in lithiuva solid state devices snd batteries bave been

stodied in rocent years. The most well known are P;Ss-LizS glasses and -3
their lithium iodide doped amalogs, which show conductivity as high ss 10
S-cm~1 at 25°C. It was rocenmtly reported that since P3Ss-LizS and
(B2S3-LizS) glasses roquired synthesis in sealed pressure quartz tubos, the
$iS2-Li2S glasses, which may bs prepared vader stmospheric pressure offer s
viable commercial production alternative. Ve repost here the preparation
and conductivity measurements for SiSy-Li3S glasses doped with LiBr and
LiCl. Extent of glass formation was investigsted by varying the molar
concentration of LiBr while holding the mole ratio of SiS; to Liz5 cosstant
at 1:1.

“The SiSg-L13S glasses wers prepared by first mizing SiSz and Li38 io s
1:1 mole ratio in s dry box. The mixzture was then placed inm a vitreous
carbon crucible, which in turn was positioned in a Vycor tube. The mixtose
was beated for about onme bour st 950°C under argon. The molten mizture was
quickly quenched into a water bath at room temperature to form the vitreous
solid. This base glass was doped with various amouats of LiBr or LiCl, and
the besting procedurs repeated. The final glass samples wre ground and
pressed into pellets using isostatic pressisg. ’

Complex lnp.duaci plots of the glasses with TiS; electrodes consisted
of a straight line intersecting the real axzis st approximately s 45° apgle.

The bulk resistance of the glass saxple was obtained from the extrapolation

of the straight line portion of the complex impedance plot to the real
axis. -

Conductivity of the base glass was 1.6 x 104 S-cn~1 apd doping with
LiBr and LiCl incressed this valus significantly, resching above
€ z 1074 S-cm™] st room temperature. Doping levels of 30 mole percent LiBr

" and LiCl were possible with the quench rates available.

7Li MR measurements for thess glasses have also been made and will de
reportod as thoy shed light of the mobility of Li* in these conductive
glasses.

P20/G-6

QUASIELASTIC NEUTRON SCATTERING FROM‘A5P03-AQI GLASS

R. MERCIER, M. TACHEZ, J.P..MALUGANI
Laboratoire d'Electrochimie des Solides ERA 810

Faculté des Sciences - Université de Franche-Comté
25030 BESANCON Cédex - FRANCE

A.J. DIANOUX
Institut Laue-Langevin, 156 X, 38042 GRENOBLE Cédex - FRANCE

A quasielastic neutron scattering experiment was performed on the fast
ionie conductor'AgP03-AsI, which is a vitreous electrolyte.

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

° o . o_

meters : A= 5.1 A ; 1.25 A ! €Q €2.0k A ! + instrumental resolution
(FWHH) = 0.070 meV ; transmission factor of the sample : 0.66 ;

299 K <T <368 K.

The spectra generally consist of a quasielastic broadening of the

elastic peak and of a long tail up to 10 meV which is due to an inelastic
distribution.

In order to obtain the quasielastic contribution, the profile of the
central peak was fitted within £ 0.6 meV for the nine channels and for
five temperatures. The EISF was constant at 85 %. The profile of the quasi-
elastic contribution was found to be Lorentzian. '

When plotting the function energy widht AE corrected by S(Q)

"[8ExS(Q)] versus Q2 : & straight line is obtained for all temperatures,

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

2080

ions D = 1.32 x lo-s_exp - RT (activation energy being in calories).

The value of the activation energy is very close to that of a-Agl
measured by electric conductivity. The value of EISF : 0.85 indicates that
the observed quasielustic scattering is due to half of the silver ions.
These two results seem to confirm our hypothesis on the structure of this
glass : small "clusters" of an "amorphous" like a-Agl are dispersed in
the AgPO3 host glass.
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EFFECT OF ADDITION OF LiNbOy ON THE ELECTRICAL CONDUCTIVITY OF
L1 ,0-B,03 SYSTEM

3. Rokade, K. Singn and V. K. Deshpande ]
Department of Physics, Nagpur University, Nagpur-440010, India

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

In order to improve the ionic conductivity of L1 O-B?Boasystem,
LiNbO, has been added in different concentrations in (i 0-B5 (40:60
m/0). - The electrical conductivity has been measwred in the temferature
range 400K to T14K. It has been found that LINbO, can be accomodated
in the amorphous matrix up to 10 m/0. The samples with more than 10
m/o LiNbO, crystallised. The conductivity is found to increase with
increasi LiNDO, concentration. The enhancement in the conductivity
i{s due to incredse in 1) L1 ion concentration and 2) mobility of Li
ions due to large number of vacant sites provided by the pentavalent Nb
{ons. The results are comparable with the earlier reportings on
parallel systems.

p22/acC-1
SULFATE ION CONFIGURATION IN MONOCLINIC
- AND CUBIC L1THIUM SULFATE
Roger Frech Department of Chemistry

University of Oklahoma
Norman, OK. 73019 U.S.A.

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

One of the more widely studied fast ion conductors is lithfum sulface,
L12S04, which undergoes a first order phase transition from a monoclinic
phase to a fast-ion-conducting, face-centered-cubic phase at 573°C (1,2).
The high temperature cubic phase is also a plastic phase, and it has been
suggested that the ionic mobility in this phase is dynamically enhanced
through the reorientational motion of the sulfate fons (3). For this
reason it 1s desirable to study the nature of the sulfate ion motion in
both phases, particularly in the vicinity of the transition temperature.

An analysis of the v, molecular vibrational mode of the sulfate ion in
the pre-transitional rcgi&n (450°-573°C) suggests critical behavior in
the monoclinic phase. The critical exponent (B=1/6) indicates a weak planar
anisotropic environment for the sulfate ion. A detailed study of the vj
molecular mode in the cubic phase shows a 1ifting of the three-fold
degeneracy. The depolarization ratio measured across the band contour
establishes an A component and an E component, again consistent with a
planar anisotropic environment of the sulfate iom.

The barrier heights for the configurational jumps are calculated from
the sulfate librational mode frequency data and are found to be in excellent
agreement with the barrier height calculations from bandwidth data measured

in the pre-transitional region.
1. T. Férland and J. Krogh-Moe, Acta Chem. Scand. 11, 565 (1958).
2. A. Kvist and A. Lundén. Z. Naturforsch. 20 A, 235 (1§6$).

3. L. Nilsson, J. O. Thomas and B. C. Tofield, J. Phys. C: Solid St. Phys.
13, 6441 (1980).
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P23/ SIZF EFFECT OF THE ALKAT IONS

ON THE DIFFUSION RATES IN SILVER HALIDFS
A.L. Laskar

Department of Physics and Astronomy, Clemson University,
Clemson, SC 29631

P.A. CARDECNA
Department of Physics, Rochester Institute of Technologv,
Rochester, NY 14623

Recent experimental studies of the diffusion of alkali ions in AgRr and
AgCl have led to an 1nterestln§ correlation betweren the fonic size of the
solute and its diffusion rate.l’2 As the mismatch between the fonic radif of
the solute ard the solven ion increases the diffusivity increases and the
activation energv for diffusion decreases. Alkali ifons are believed to probe
accurately the role of fonic size effect because being homovalent with the
host ion, they are not expected to have any association with a vacancy through
coulombic forces. Further, the crystal field effects and the affect of
d-shell electrons of the solutes on the motional anergy of the diffusing
solutes will not perturb the vacancy diffusion of these ions.

The present resul;s of the study of Cs+ (1.678) greatly oversized with
respect to the host AR (1.16R) add further support tn the earlier
observations on the size effect of the solutes on the diffusion rate. Our
results for the diffusion of Cs {n AgCl are in excellent agreement with the
verv fast diffusion observed in an earlier studv®. Tha linear Arrhenius
behavior for the diffusivitv results from the fact that the expected curvature
in the Arrhenius diffusion plot due to the nonlinear temperature dependence of
the Gibb's free energy for the formation of vacancies is washed out due to the
stress-induced binding of oxerllznd Cs ion with a vacancy. Surprisingly the
diffusion coefficient of Cs  in AgBr is less than that in AgCl. This is
indeed an exceptional case. The diffusion coefficients in AgBr is always much
larger than that in AgBr for the vast number of solutes (monovalent and
divalent) studied so far. Further, the Arrhenius plot exhibits =light amount
of curvature in the high temperature region. It {s sugrested the size-effect
is less in AgBr since the lattice constant is' larger in AgBr compared to that
in AgCl. The solubility of Cs 1in ARCl 1s much lass than that in AgBr

supporting the general fact that solutes with lower gsolubility exhibit higher
diffusiviey. :

l. Laskar, A.L., pp 59-74 in "Diffusion {n Solids" ed. A.L. Laskar et al.
(Trang Tech Publications, Switzerland, 1984).

2. Laskar, A.L. and Cardegna, P.A., Radfation Effacts 75, 27 (1983).

3. Batra, A.P. and Slifkin, L.M., J. Phvs., Chem. Solids 37, 967 (1976).

P24/AC-3

POLYMORPHISM AND CATION TRANSPORT PROPERTIES IN 3D SKELETON
ARSENATES N33M2(ASOL)3 (M = Al, Ga, Cr, Fe).

F. d'YVOIRE, M. PINTARD-SCREPEL and E., BRETEY.
Laboratoire de Chimie Appliquée, Université Paris-Sud,
91405 ORSAY Cédex, France.

In the search for new solid electrolytes, an increasing attention has
been given to the 3D skeleton phosphates A3M(PO4)3 (A = Li, Na, Ag, K ;
M = Sc, Cr, Fe) particularly to the sodium members which have a Nasicon
type structure'. These solids are poor conductors at room te?pgfatgfe but
become superionic conductors at high temperature (Gjpq ~ 10~ Q. cm ‘) .
through a series of phase transitions associated with changes in Na‘*-Na
correlations.

The corresponding arsenates NaJHZ(AsOG)J don't have the same structure.
For M = Cr and Fe, a lov-temperature garnet-type form (I) and a high-tempe-
rature form (II) have been characterized?. For M = Al and Ca, II is the
single form observed. The sodium-ion transport properties of the two forms
are very different.

Form I. Like Nasicon, the garnet structure contains a 3D framework
[M,(X0;) ) made up of X0, tetrahedra sharing corners with M0g octahedra
but the arrangement of the polyhedra is different and the structure is more
compact (v/z = 228 X* in NajFes (As0,)4, 237 k% in NajFe;(PO4)3). The con-
ductivity is low (v 107°Q ‘e’ at 300°C) and cation exchange reactions in
molten salts are very slow (Li*) or unobservable (Ag*, K*).

The form II ig rhombohedral, R3c or Ric, kgls compact th,n I .: for H.-
Fe, ap = 13.719 A, cp, = 18.594 A, V/Z = 253 . The lodxun.x?nn are easily
exchanged by Li‘, Ag* or K* in molten nitrates. The conductivity of L
NajFe,(As0,)4-I1 is about |0 times that of N13Fsz(P06)3 at 20°C but is loyer
at 306°C [ ?0"9“cn'!). It raises with temperature according the Arrhenius
law with an activation energy of 0.46 eV. No transition appesrs until the
transformation in form I occurs. . .

Single crystals of Na3Fe2(A304)3-Il have been synthesized by a flu;. .
method. By varying the flux composition, crystals exhibiting a non stoichio-
metry according to Naj,3,Fey_,(AsO4)3 (x § 0.25) have also been obtained.
The ~tructural determination of these solids is in progress.

1. M. de la Rochére, F. d'Yvoire, G. Collin, R. Com2s and J.P. Boilot, Sol.
State lonics, 9-10, 825 (1983).
2. H:. Schwarz and L. Schmide, ‘Z. anorg. allg. Chem., 387, 31 (1972).
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IONIC CONDUCTION IN (K,Rb)-A1-PRIDERITES WITH HOLLANDITE STRUCTURE

8. Yoshikado, T. Ohachi, I. Taniguchi
Department of £lectronics, Doshisha University, Kyoto 602, Japan

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

The dynamics of mobile ions in one-dimensional ionic conductors
priderites with two kinds of mobile ions is different from that in priderites
with a kind of mobile ions in point of the interactions between mobile ions.
The interaction between two kinds of mobile ions is characterized by the
difference between those ionic radii. The purpose of the present work is to
analyze the data of the complex conductivity for various (K,Rb)-Al-priderites
(K1-y-Rby)xMxT"s-x°16 using the moving box model proposed by Beyeler et al.
[1], and to clarify the interaction between mobile ions.

Six kinds of single crystals of (K,Rb)-Al-priderite with x%1.5 and y
between 0 and 1 were grown by a flux method [2]. Measurements of the complex
conductivity between 100 Hz to 500 MHz were made with an impedance analyzer,
and those at 9.54 and 32,55 GHz were made by the standing wave method.

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

".’b - g gy + iwegEn(dy + Spp) + Gppll + mz) . M
iweyeq + Oy + mzc’xRb

where £¢ is the dielectric constant of the framework, €g is tha permittivity
of free space, €g is the dielectric constant due to the polarization of K*
ions within the region enclosed by two successive Rb¥ ions, Gy and Gy, are
the complex conductivity functions for !
K* and Rb* ions, respectively, and o
m= (1-y)/y. The Eq.(1) suggests that the 10
contribution of the complex conductivity 10°
for each mobile ions to Oy is determined
by a factor m. The experimental results
of the complex conductivity db for &
K0.83R00,68A11,73716.27015,89 (KRATO(3))  w
at 274 and 132 K are shown in Fig.l. 10"
The solids- lines correspond to Eq.(1) 1ot
and the dashed lines correspond to 10010 10 10 100 10 10 10 10 10
2 - X Freguency (H2)

m“Oppe Result shows that £q.(1) derived

in terms of the moving box model is Fig.l Frequency-dependence of éb for
adequate even for the system with mvi.  KggiRbg ggAly 73Ti6,27015.89-

[1] Beyeler. H. U. and Strassler, S., Phys. Rev. B 24 (1981) 2121,

(2] Fujiki, Y., Sasaki, T., and Kobayashi, M., J. Jpn. Assoc. Min, Pet.
Econ, Geol. 78 (1983) 109,

KRATO(D)
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P26/AC-5 A 5iNGLE CRYSTAL NeEUTROM DIFFRACT:OM STULY OF
THE SUPERICNIC &CuF |

Edzeonl C.K.A.Cutlow’ A.V.Chaowick® and G.Me.ntyre’
(1) Uzpartment of Chemistry , U.C.L. Lonzon, U.X.
(2 vepeartment of Cnuimistry , University of Kz2nt ,Cunturoury, U.K.
13} instiwuv Laue-Langevin , Grenodle, france

The p=zrovskite ABX, compounds Nave bzen exi=n3iveiy siudicl ty
NAK and neutron ciffraction tecnniguss in 9r0Cer Lo relele the Shuse
wransitions in tpnese systefms to thce rotations of the 3X, octahugra.
The Mk stulies , using '’F reluxation tocohniqu2s, give informuticn on
taz dynamics o the fluoring sub-lattice.  Heluxation time NMR
mezsuremants in KCiF, (1) coula not b: interpratza in t.rias of shor:
runge rotzlional motions but oniy in terms of long rangs ciffusional
mo2es for the fluorine jons, couplsd with a large amount of cisoraer
¢ th2 anion sub-lattice., Tnis interpret2tion is underpinned by
r.suits obilined aduring eiettricsl conauctivily measurements (1),

Triz <bove data suggest thut there is extnsive thuermal generation
of coferis &l tumperaturcs above 300° C in this materiat. W& nave
thzr.for.: parforms¢ a high r=solution singie ‘crystal nautron
diffrzction study on this matorial at tomperatures of 4569 C anc 700°
C 1n ora2r to obtain direct information on it3 gzafect structure.Tnz
experimznis wore performed on the four circle instrument D9 at the
1.L.b. u3ding a1 nsutron wavelength of 0.7¢ A .Tn=z vulu2 of this type
of ciffraction stuay on nigh temperature superionic 8ysi=ms has buun
uUnNEquULVOLally demonstrutled by the work of Schulz and co-workers (2). '

Data have be:zn 4nulysed by both fourier synth:sis asnd leéast
squusrys refinzment, Differzatiaticn of ths point czfect formations
from the large dyna.mic effects snvountered in superjonic m.terials was
4lded by cthe utilisation of high order terms in the temperature
factor expression.Tne results find complex distributions of the
scattzring density about th2 caicium and fluorine sites. In this
prsszntation we¢ intend to discuss th2 possible gafect mocels for this
miuterial suggested Oy the verious experimantdl tachniques ing relate
thzm to the existence oOf high fluorine mobilities in th2 perovskite
structure, V ’

(1) A.V.Chaawick, J.H.Strange , G.A.Hunieri ana M.Terenzi
Soiia Stute lonics 37 10 555 (1983)

(2} h.Schulz ane U.H.Zu2kcr ibid 41 (1983)
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ELECTRICAL CORDUCTIVITY, SELF-DIFFUSION AND PHASE DIAGRAN OF
LL1iHIUM SULFATE - LITHIUM CHLORIDE.

Arnold Lundén and Hékan Ljungmark.

Department of Physics, Chalmers University of Technology
S-412 96 Gothenburg, Sweden.

The phase diagram of Li,SO,-LiCl has been determined by means of differential
thermal analysis, DTA. e electrical conductivity has been measured for

2.3 to 33.3 mole % LiCl, for temperatures above LB0°C. Self diffusion of

Li and Cl ions has &81s0 been studied in the same ccncentratlon range. The
system is a simple eutectic with the eutectic point at LBLOC and Lb mole %
Li Cl . The solubility of LiCl in szsob is very small but for both cubic
ang monoclxnlc Li, 50, a plastic paste is formed in the two phase region.

This makes mixturés with a low content of LiCl of interest both for electro-
lytes in power sources and for the storage of latent heat in the vicinity

of the solid-solid phase transition at 575°C.

Electrical conductxvxty measurements for some Li S0, -LiBr mixtures indicate
that this system is very -similar to Li soh-L1c1 A previous study of anion
diffusion in Li SOb is reinterpreted,

P28/AC-7

EFFECT OF PHASE SEPARATION AND CRYSTALLIZATION ON THE
CONDUCTIVtTY OF a-FiC

Wen-Hai Yu and Yuan Yang
Department of Physics
University of Science and Technology of China
Heifei, Anhui
The People's Republic of China

By continuous measurement of conductance, it has been
discovered that the amorphous fast ionic conductor (a-FIC)

B,04-0.7Li,0-0.7LiCI-0.1A1,0, exhibits anomalous conductivity

behavior during the period of isothermal annealing below the glass
transition temperature of Tg.

Detailed differential scanning calorimeter (DSC) and X-ray
diffraction analysis (XRDA) have demonstrated that the anomaly is
due to the amorphous phase separation and crystallization; the
fcrmer leads to the maximum of the conductivity of specimen. The
results of DSC and XRDA have also indicated that the composition
of the separating amorphous phases is the lithium borate glasses
containing and absenting chlorine, and that of the forming
crystalline phases is Li48,0,,Cl and LiBO,.

The ditferent érystallization rates of the two phases have been

_ compared. And by the method of phase transition dynamics, the

values of the activation energy of crystallization from the amorphous
phases have been determined: 86.9 and 947 kcal/mol for

Li4B,0,,Cl and LlBoz. respectively.

Considering that the conductivity values of the
above-mentioned phascs are lower than those of the amorphous
matrix, we propose that the interfaces between amorphous and
amorphous phases and amorphous and crystalline phases,
especially the former, cause the increase of the conductivity of the
specimen, and discuss the effect of phase separation and
crystallization on the conductivity of a~FIC.
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NEUTRON DIFFRACTION OF ‘B’ AND B"-ALUMINA PHASES OF THE SAME COMPOSITION
K. G.Frase, R.S.Roth and A. Santoro
Rational Bureau of Standards, Gaithersburg MD 20899

The details of the phase-equilibria in the Na-Mg-A)l oxide system of
the beta/beta”-alumina family of solid electrolytes has long been uncertain.
Anomalies appear in the compositional and thermal boundaries to particular
phase fields, and anomalous phases such as "ion-rich beta-alumina" appear
in some high temperature crystal growths. In addition, the question of
short- or long-range ordering, particularly in beta"-alumina, has been
discussed without consensus for years. By using low temperature alkozide
synthetic routes to produce ceramic powders in the Na-Mg-Al oxide system,
we have demonstrated that for a nominal beta"-alumina composition
(Na‘.wng.wm10 330"). two crystal structures form as a function of

synthetic method. A comparison of neutron diffraction (powder profile)
structural results for these two structures (. the beta“-alumina and the new
‘solid solution beta' structures) from a single composition is presented,
and related to the critical issue of Mg-ordering in the spinel block.

P2/BA-2

EXAFS STUDIES OF ND IN P"—~ALUMINA SINGLE cRysTALY

R. Wong and W.L. Roth, Department of Physics, S.U.K.Y. Albany, Albauy., MNX
12222 and B. Duun, Uepartment of Materials Scieuce, U.C.L.A., Los Angeles,
CA 09924

Extended X-ray Aosorpticn Fine Structure (EXAFS) data have beern
ccllected on & single crystal of Ka p®-alumina in which 35% of thre Na'
ions have bLeer ion-exchanged witn Nd *. The work is being undertaken Lg
rescive an apparent contradiction between x-ray diffiraction studies
which indicate that the Nd atoms are primarily in the mid-cxygen site and
opticel studies® which suggest tnat the Nd atoems are in a2 non-
centrosystetric environment. In order to investigzte the local structure
etout Kd, fluorescent spectra above the Nd Lj-edge have been taken at roow.
teaperature. The EXAFS spectra were collected at the Correll Hi&h Energy
Syncnrotron Source (CHESS) on & small crystal plate (about 1 un® in area
and 0.3 o thick). Tne Nd, Na and column ouxygen (0(5)) atous foran a 2-
dimensional structure in the conduction plane, and therefore spectra were
collected with the x-ray polarization vector parallel and at 45° to the
cleavage face in order to probe the anisotropy of the Nd environment. The
fourier transformed data show marked differences for the two orientations,
indicating that it may be possible to determine differences in bond
lengths in the conduction plane. However, the interpretation of EXAFS
fluorescence spectra collected from the single crystal is complicated by
the existence of many strong Bragg peaks which must be eliminated or
corrected for in the analysis. We bave succeetded in obtaining EXAFS
spectra that are nearly free of x-ray contamination by Bragg scattering by
adjusting the orientation of the crystal to minigize the number of Bragg
reflections incident on the detector and masking strong reflections with
PL absorbers. The EXAFS analysis is being refined by non-linear least
square fitting to remove the contributions of the remaining Bragg
reflections. In tris paper, radizl distribution functioms and fits of the
spectra to single~distance and two-distance models will be presented and
discussed with relation to the structures found by x-ray diffraction and
spectroscopy.

(1) This work was supported in part by the Office of Naval Research,
(2) Private comcunication froc J.L. Thoumas.
(3) M. Jansen et al., Optics Letters 10, 119 (1984,
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STUDY OF Na* MOTIONS IN B Al203 BY QUASI ELASTIC
NEUTRON SCATTERING MEASUREMENTS

+
G. LUCAZEAU, J.R. GAVARRI, A.J. DIANOUX

Laboratoire Chimie-Physique du Solide; et U.A. au ONRS N° 453,
Universite Paris-Nord, 93430 Villetaneuse, France.

*Institut Laue Langevin, Grenoble.

Polycrystalline sample of Na¥ BAl203 (Al O17+ x2 Na1ex With
x = 0.25) has been investigated on a time of flight spectrometer (IN6) at
77, 317, 473, 573, 673 K, using incident wavelengths of 4.1 and 5.1 A®
giving an average resoluticn of 0.180 and 0.130 meV respectively. It is the
continuation of previcus experiments on Na and Ag 8 Aluminas (GAVARRI).
Long recording times (~12 h) and the high efficiency of IN6 have allowed to
overcome the problem of the low scattering length of Na. The quasi elastic
signal (QES) has been stuc_h'.ed as function of the scattering angle and of
the temperature. For Q=lA"at 200°C; the full width of the QES is twice
larger than for Ag% 8 Al,0,. Among the various models used for deriving a
scattering function able to fit the experimental QES, two models have been
selected : (i) for local motions, forth and back single particle jumps
between BR and three surrounding mO sites, (ii) for delocalized motions
{involved in conductivity process) : jumps between Br-mO-aBR-mO-BR-sites
including single particle jumps and pair jumps, the last process being
likely the most probable. ‘ .

At 200°C, the QES is dominated by 19:{9'1 motions, characterized by a
mean correlation time equal to T = 3x10™ “s and an activation energy of
0.04 ev. co

At 300°C and 400°C a second type of motion is observed *ikely
associated with delocalized motions. A mean correlation time of 3x10710 s
at 300°C and an activation energy of abcut 0.l eV are derived. These
results are compared with NMR studies (BAILEY, JEROME). The occupation
probability of the BR site and the ratio of fixed Nat to mobile Na‘t which
are parameters fitted in our models campare well with literature data
(ROTH, BOILOT). Our results are also discusseds in terms of the
conductivity models (WOLF) and theroretical papers giving S(Q,W) for
neutron scattering of superionic conductors (DIETERICH, GEISEL).

P4/BA-4

Conductivity and Structural Analysis of Co** Stabilized §'-Alumina

S.Chen, D.R.White, M.Sankararaman, H.Sato, J.B.Lewis* and W.R.Robinson®
School of Materials Engineering, Purdue University, West Lafayette, IN 47007

The substitution of divalent metal ions for aluminum ions at the tetrahedral Ai(?) sites
of the spinel blocks tend to stabilize the #'-alumina structure over the S-alumina struc-

ture. Thus far, the J'-alumina lattice has been koown to be stabilized by Mg?t, Fe**,

Ni?*, Zn?* and Co®**. Due to charge compensation, this substitution process is
believed to remove extra oxygen ions from the conduction plane, thereby indirectly
affecting the ionic conductivity. In order to understand te general relation of the effect
of divalent metal ions on the f-alumina structures and its effect on the conductivity, we
have investigated the consequence of adding Co®* ion into both the 4'- and the 3
alumina lattice. Co .

‘Single crystalline Co®* stabilized #'-alumina has been synthesized by a fux growth

technique using BisO; as the flux. Its structure was determined by X-ray crystallo-

graphic means. The substituted Co?* ions was found only at the Al(2) site. Spectros-

copic studies of the electronic transition of Co?* jons also support the concept that the
dopant ions are in distorted tetrahedral environment. Co?* doped S-alumina crystals

were made by a skull technique. Chemical analysis of these two materials indicated -
that the Co®* ion concentration may be important in the formation of one phase over

the other. The temperature dependent ionic conductivity of Co?* stabilized 4°-

slumina, Co** doped f-alumins and undoped B-alumita bas been measured and com-

pared between 25°C and 450°C. A detailed conductivity analysis was made by a phase

synchronous detection system in the frequency range 100 Hz to 10 MHz. The condue-

tivity is highest in the stabilized #'-alumins and the lowest in the undoped S-alumina.

For Co** doped f-aluminas, a slight bend in the conductivity at around 250°C is seen.

The analysis of the conductivity, and in particular, the eflect of the dopant Co?* jons

on the resulting conductivity will be discussed. S

*Chemi:iry Department, Purdue University
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A COMBINED HRXD AND HREM STUDY OF DEGRADATION COLLAPSE 1IN
NH,*/H30* B"-ALUMINA .

John O. Thomas,1 Anders Eriksson.1 Jérgen Kjem52 and
Amanda Petford3

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

2R15¢ National Laboratory, P.O. Box 49, DK-4000 Roskilde,

Denmark

3Department of Metallurgy and Science of Materials, University

of oOxford, Parks Road, Oxford OX1 3PH, England

One of the most promising proton conductors discovered to date,
as seen from a technological standpoint, is the mixed-ion sys-

tem NH,*/H30* B"-alumina (see Ref. ! and references given there-

in). It has been found, however, that a loss of NH, occurs
above 200°C (Ref. 2), accompanied by a significant drop in
conductivity. It is thus important to ascertain the response
in the crystal microstructure to this deammoniation process.
In the work reported here, high-resolution X-ray diffraction
and electron microscopy (HRXD and HREM) are combined to this
end.

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

This can, in turn, be related to HREM observations of the
development of extended regions in which alternate conduc-
tion planes are missing, giving double spinel-block regions
~20.7 A thick. Moreover, under higher electron-beam current,
clear correlation could be observed in the propagation of the
collapse-planes across the crystal. Regions could also be
distinguished where the conduction planes appear to swell in-
to disc-shaped pockets (presumably containing evolved NHj3 gas),
prior to collapse of the planes.

References

1. G.C. Farrington, K.G. Frase & J.0. Thomas. In Advances {n
Matenials Science, 1984.

2. J.O0. Thomas, K.G. Frase, G.J. McIntyre 8 G.C. Farrington.
(1983) Solid State londics, 9/10) 1029.
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RAMAN SI'ECTRA OF CADMIUN CONTAINING bLTA-ALUNING CRYSTALS.

G. Mariotto

Dipattimen;o di Fisica, Universita di Trento, 38050 POVO (Italy), and
Centro C.N.R. di Trento, 38050 POVO (Italy).

Room temperature Raman spectra in the region between 7 cm-l and 1000
cw  have been performeg on mixed Na-Cd beta-alygina single crystals, for
different amounts of Na ions exchanged with Cd ions.

Our data agree with the Hattori et al. ones (1): the most important var-
iations in the spectra, for all EYQ polarizatigns. occur in the low frequen-
cy region, mainly between 20 cm and_, 40 c¢cm , due to the appearance of
two Raman peak§ associated with the Cd ions vibrational motion. These two
features show a remarkable increase for both the intensity and the peak fre-
quency, when the percentage of the ekchanged sodium passes through the value
of about 40%. Such effects seem to be non linear versus the cadmium concen-
tration, showing a switch between two different vibrasiohal dynamics regimes
below and above the fraction of Na exchanged with Cd for which the dis~-
tribution of cations over the different sites of the conduction plane ap-
proaches the stoichiometry (i.e.: one cation for each elementary cell). The
change between the two different vibrational situations is !iso reflected Bx
the behaviour of the Na ion Raman band, centered at ~60 cm : when the Cd
content reaches the value giving the stoichiometric-like condition, a de-
crease in the bandwidth is observed, suggesting a more ordered distribution
of Na ions among the mirror plane sites. This "ordering" effect is even
more clearly revealed by the behaviour of so spinel block modes: in fact,
they show a bandwidth minimum when the Na /Cd  ratio matches the abovesaid
value. On the other side, the broadening of these spinel block modes at more
hi;h percentages of Cd~  ions is probably due to the increasing number of
Na vacancies in the conduction plane. .

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

.

1) T. Hattori et al., Solid State Ionics 9810, 215 (1983)
2) P. H. Sutter et al., Solid State Ionics 9810, 295 (1983).
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INVESTIGATIONS OF CATION ORDER IN Nd-, Gd- AND
Eu BETA" ALUMINA USING HIGH RESOLUTION TEM

- E
Peter K. Davies, Amanda Petford and Michael O'Keeffe

Department of Materials Science, University ef Pennsylvania, Philadelphia,
PA 19104

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

The recent observations of trivalent ion-exchange in beta” alumina
systems have led to the discovery of a new family of lanthanide solid
elactrolytes (l). Farrington et al. have also shown thase materials are
of. considerable interest as a result of their optical properties (2).

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

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

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

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

(2) M. Jansen, A. Alfrey, O. Stafsudd, B. Dunn, D. .Yang and G. C. Farrington,
Optics Letters, 9, 119 (1984). .

This work is supported by the NSF under grant DMR 8316999 (P.X.D.) and by
grant DMR B113061 (A.P. and M.O'K.).
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NONSTANDARD BEHAVIOR COF POLYCRYSTALLINE
B/4"-ALUMINA MEMBRANES IN SODIUM ENVIRONMENT

G. Staikov, P. D. Yankulov and E. Budevski
Central Laboratory of Electrochemical Power Sources
’ Bulgarian Academy of Sciences
1040 - Sofia
Bulgaria

it is known that in the sodium-sulfur system, the solid
electrolyte/sodium interface is mainly responsible for the
degradation of the polycrystalline g/g"-alumina. This process
consists of the propagation under the action of electric current of
sodium-filled cracks {mode | degradation) and/or internal sodium .’
electrolysis with associated microcracking (mode Il degradation).
De Jonghe showed that degradation mode H is preceded and
favourced by the partial reduction of g/a"-alumina in molten sodium,
which manfests itself in the darkening of the ceramic (chemical
coloration).

The present work deals with the behavior in a sodium
environment of polycrystalline /8" -alumina membranes fabricated
in our laboratory. Specially designed sodium/sodium cells were
used which enabled: (i) the use of high purity sodium, purified in the
cell by electrolysis through an additional g8/8"-alumina membrane;
(i) the estimate of the faradaic efficiency during current flow, which
is a measure of the degree of degradation (appearance ol electronic
conductivity); (iii) the simuitaneous study of degradation modes |
and I, and of the chemical coloration process of the solid

. electrolyte in contact with both molten sodium and sodium. vapour.

The experiments were performed at 350°C with a current density of
1 A-cm~2. Two kinds of samples were studied: with the symmetric
and asymmetric behavior of the polarization at the g/g"-alumina/
moiten sodium interface.

The results showed that in the case of symmetric membranes,

failure (i.e., appearance of a considerable electronic conductivity) as .
a resuit of mode | degradation is observed only after passing more
than 1500 A-cm™2, while the asymmetric membranes fail
considerably earlier. Mode I degradation and the chemical
coloration processes proceed also at higher rates in the asymmetric
samples. .
In accord with De Jonghe's results, we also observed a
parabolic relationship between the thickness of the colored layer
and time. It was found that the rate of the chemical coloration
process of polycrystalline g/g"-alumina is one and the same in
molten sodium and in sodium vapour. A clearly expressed influence
of the electric field on the rate of the chemical coloration process in
molten sodium was observed. All other conditions being equal, the
thickness of the colored layer on the cathodic side is considerably
larger and on the anodic one considerably smaller than that
observed in the absence of an electric field.
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CONDUCTIVITY OF MgO-DOPED ZrO,

Tinglian Wen. Xiafei Li, Zhoukun Kuo and W. Weppner*
Shanghai institute of Ceramics, Acadenia Sinica
865 Chang-ning Rd.

Shanghai
China

*Max-Planck-Institut fur Festkorperforschung
D - 7000 Stuttgart 80
Federal Republic of Germany

Stabilized ZrO, is one of the most important oxide solid electroliytes at
high temperatures. The conductivity characteristics on systems ot Zr0,-Ca0
and ZrOz,-YZO:l have Irequently been reported in the literature. The purpose of
the present work is to investigate the conductivity of ZrO.‘, doped with MgO.
The sintered specimens with MgQO dopants, ranging from 4.7 mol.% to 127
mol.%. were obtained by sintering at 1600°C the 2r0,-MgO powders prepared
by thermal decomposition of the mixtures of zirconium and magnesium
nydroiides, which had been made by coprecipitation of ZrOCl, and MgCl, under
addition of NH,OH.

The specimens were used as the electrolytes in such symmetric cells as:
air, PtHZrO,), (MgO) IPt, air for the conductivity measurement, which was
carned out using the complex impedance bridge during heating and cooling
runs at temperatures of 450-1450°C. It was observed that the conductivities
increased with MgO dopant trom 4.7 mol.% to around 8.2 mol.%. and decreased
with the further increase in MgO content. A maximum of conductivity was
achieved at ~8.2 mol.% MgO. amounting to 2.43 102 ohm™ '~cm'! at 1000°C.

The dependence of conductivity upon temperature exhibited thermal
hysteresis. A jump in conduclivity occurred at 1100-1150°C during heating in
case of MgO dopant lower than about 8.0 mol.%. whereas a sudden drop in
conductivity was observed on the same specimens at around 900°C during

. cooling. The jump and drop n conductivity diminished with increase in MgOo

content, As to the specimens containing MgO dopants higher than 8.0 mol.%,
the thermal hysteresis did not appear.

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

The emf was measured on an oxygen concentration cell such as: air,
P(erOz(MgO)IPt, 0, +N,, using a tube specimen as the electrolyte in order to
estimate the average transference number of the .specimen. The results
suggested that oxygen vacancies are the predominant mobile species as in the
other cation-doped ZrO, electrolytes.

OXYGEN DISORDER IN THE FLUORITE-TYPE CONDUCTORS
(81203)1_X(Gd203)x BY X~RAY AND EXAFS ANALYSES

Kichiro KOTO, Haruki MORI and Yoshiaki ITO

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

Of oxygen conductors, 6-Biz03 is the best known conductor,
with a conductivity more than ten times that of conventional
oxide conductors such as stabilized zirconia. §-Bi03 can be
stabilized by adding metal oxides at low temperatures but
generally has lower conductivity than pure Bi203 (Takahashi
et al., 1975).

To elucidate the conduction mechanism and the reason of the
lowering of ionic conductivity due to additions of metal oxides
to Bi203, the relations between oxygen disorder and conductivi=
ty have been investigated by X-ray structure analysis and EXAFS
sSpectroscopy.

Powder samples were first synthesized from mixture of both -
oxides in appropriate compositions at high temperature in
platinum crucible. The fluorite-type single crystals of the
(Bi203)1-x(Gd303) x system compounds (x=0.10,0.15,0.20,0.25 and
0.30) were obtained by heating the corresponding powders above
melting point, annealing at about 1000°C below melting point
and then quenched into cold water. The single crystals thus
obtained were ground to spherical shape with diameter ~100um
for X-ray study. The lattice constants versus compositions
were in good agreement with those of powder (Takahashi et al.,
1975). The compositions of the samples were confirmed by site
occupancy refinements during the structure study. The
structure analyses were focussed on the relations between
oxygen disorder and compositions.

The oxygen ions distribute statistically in the tetrahedral
voids of the fluorite-type structure. The displacements of
oxygen ions from the normal tetrahedral site (xxx;x=0.25) were
observed. The magnitude of displacement parameter § (x=0.25+§)
has close relation with content of Gd;03. The value of §=0.044
for 10 m/o Gdy03 crystal is two-thirds that of 6=0.066 for the
pure Bi03 at 774°C (Harwig, 1978). Fbr 25 m/o Gdj03 crystal,
the displacements could be little observed. The results
indicate that extent of oxygen disorder has close relations
with content of Gd03 and ionic conductivity.

X-ray absorption measurements near the Bi-L III edge(l13.426
KeV) were made in transmission with Synchrotron Radiation at
National Lab. for High Energy Physics, Tsukuba, Japan. The
measurements were carried out for the powder samples with .
compositions of 10 and 30 m/o Gd;03 at room temperature. The
powder was prepared by heating the mixture of Bi203 and Gd0j3
in powder form at about 900°C. The fluorite-type structure was
confirmed by X-ray diffraction method before EXAFS measurements.

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

The conduction mechanism is discussed based on the results
of X-ray structure analysis and EXAFS. :



07

Pil/0-3

SPECIFIC HEAT OF NON-STOICHIOMETRIC CeOZ

i i i i 32000, Israel; M. Ricken and J.
1. Riess, Physics Department, Technion, Haifa R ; )

Noelting, Department of Physical Chemistry and SFB 126 of Goettxngen-cx§ustzal,
Goettingen University, 6 Tammannstr., D3400, Goettingen, Federal Republic o

Germany .

Cerium dioxide, Ce0,, is reduced at elevated temperatures, T, and low oxygen
to form so-called nonstoichiometric phases, Ce0 For

ressures . t i . .
g > 921K, 2>y>1.88 a single a phase exists for which vy may ob{axn a coptgnuum’z
of values. At lower temperature reduced ceria exists of disgrete compositions.

Similar phases were observed in the oxides PrOy and Tboy.

The oxygen vacancies in ceria are quite mobils.STherefore dopgd geria \fasd
considered for use in high temperature fuel cells.™’ Reduced ceria is a mixe
conductor with a dominant electronic conductivity.

structure of reduced ceria phases was investigated by X-ray d?ffrag-
I§$ and electron microscopy.® Thermogravimetric ,

tion neutron diffraction, ¥ i
elec;rical conductivity”, seebeck?, emfl0, and‘heat of oxygen so}ut1on measure
ments reveal some of the thermodynmamic properties of reduced ceria.

A measurement of specific heat, cp, was however not done so far. We report

on ¢, measurements on reduced Ce0; in the composition range Ce02-Ce0y 7
gisetempegature range 320-1200K. The gxide was reduced in situ allowlngdthen-
variation of the composition in small steps. The temperature was scanne c:
tinuously. This yielded detailed information over ;he y,T plane enabling ; e°
construction of a new phase diagram for Ce0y. It differs from that a§sumé 3
far and given by Bevan and Kordis. Phases outside the homologous series Lepnlon_2
as well as new transformation temperatures, were ob;ervgd. The data for ;woed
coexisting phases and their first order transformation is presented an@ gga.yz .
Values for the standard enthalpy of the phases are evaluated. Non-equ;lx rlug
effects are discussed. They are inherent to the two phase t;ansformatxons an
are due to increased local pressure on incapsulated crysta;lxtes.

i 1964) .
1. D.J.M. Bevan and J. Kordis, J. Inorg. Nucl.~Chem. 26, 1509 [4
2. M. Ricken, J. Noelting and I. Riess, J. Solid State Cbem. 54, 89 (19ﬁ4).d
3. L. Eyring in "Solid State Chemistry of Energy Conversion and‘Storage , ed.
J.B. Goodenough and M.S. Whittingham, p. 240, Adv. Chem. Series 163,Amer.
Chem. Soc. Washington, D.C. (1977). .
P.N. Ross, Jr., and T.G. Benjamin, J. power Sources 1, 311 (1977).

4.
5. 1. Riess, D. Braunshtein and D.S. Tannhauser, J. Am. Ceram. Soc. 64, 479
1981) .

6. é. Brauer and K. Ginerich in "Rare Earth Research”, ed. E.V. Kleber, Lake
Arrowhead, CA 1960, p. 96, The MacMillan Comp. (Pub. 1961) .

7. S.P. Ray, A.S. Nowick and D.E. Cox, J. Solid State Chem. 15, 344 (1975) .

8. P. Knappe and L. Eyring, to be published. )

9, H.L. Tﬂgler and A.S. No&ick. J. Phys. Chem. Solids 38, 859 (1977).

10. F.A. Kuznetsov, V.J. Belyi and T.N. Resukhina, Dokl. Akad. Nauk. SSSR 139,

1405 (1961). .
11. J. Compserveux and P. Gerdanian, J. Solid State Chem. 23, 73 (1978).
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INCOMMENSURATE STRUCTURES IN THE f.c.c. PHASE OF STABILIZED Bi 04
S. Suzuki, H. Iwahara* and M. Tanaka

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

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

_ Among the stabilized 51203, (Bi203)° 8 (szo )0' 5 and (31203)0-73
(Y203) 27 have very high ionic conductivities, whose values are about ten
times 45 high as the value of the stabilized 2r0,. In order to reveal the
mechanism of the ionic conduction of these materials, the spacial arrange-
ments of the cations and anions have been studied by the selected-area
electron diffraction and high-resolution electron microscopy. One of the
authors (H.I.) made the polycrystals of (Bij03)g g5(Nb0glg, 15 and
(Bi;03) g 73(¥203)g 27 by sintering at 900°C and 1000°C, respectively.

Thin single-crystal fragments were selected out from the polycrystals for
the specimens of electron diffraction and electron microscopy.

(Bis04) (Nb20s) o Incommensurate satellite reflections have been
MT%#&I\I of 0.366°dy;, from all the fundamental reflec-
tions. The crystal structures images by the incommensurate reflections
show that two commensurately modulated structures which are modulated by
the periods of two- and three-times the (111) spacing of the f.c.c. Bij0;3
are mixed randomly with the average volume ratio 0.27 x 2 : 0.73 x 3, re-
spectively. The incommensurate value 0.366°d is obtained from the
average volume ratio by the calculation (0.27 x 2 + 0.73 x -1,

If the bismuth ions occupy all the cation sites in evexy two- and
three-(111) planes, the bismuth-ion concentration is expected to be 0.838
by the formula 4a-6a2+403-a4, where a=0.366 and the value agrees well with
that expected from the chemical formula, 0.85. When the (11ll) bismuth
layers are formed, to maintain the local charge neutrality, the (l11) va-
cancy layers in the anion sublattice may be likely to be formed adjacent
to the bismuth layers, although the vacancy layers are partially occupied
by oxygen ions because the vacancy concentration is lower than the bismuth
concentration. The close inspection of the crystal structure images give
a confidence about the validity of these speculations. That is, the dark
lines run along the [111] direction and are accompanied by white dotted
lines. The dark lines would correspond to the (1l1l) bismuth layers and
white dotted lineas to the vacancy layers.

Localized diffuse scattering appears at the positions of 0.159°d3,,
from the fundamental reflections and has a completely different intensity
profile from the incommensurate satellites. Its origin is under investi-
gation.

{Bi03) (Y503) Sharp streaks appear along the {111] direction
and connect !unéanontal reflections. This indicates that there exists the
modulated structures similar to the (Bij04)g g5(Nb0s5lg (g case. Howaver,
the structures in this case have almost continuous modulation spacings
along the [l1l1] direction. '

The high ionic conductivities of these systems can be explained, be-~
cause the oxygen ions in the vacancy layers would move much easier than
in stabilized Zro0,.
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A STRUCTURAL STUDY OF THE MIXED OXIDE CONDUCTOR M.0,-DOPED Bi,0,

P.D. Battle,' C.R.A. Catlow? and L.M. Moroney?

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

2Department of Chemistry, University College London,
20 Gordon Street, London WCIH 0AJ.

The fluorite-structured & phase of Bi,0,, stable only above 730°C,
exhibits a very high oxygen ion conductivity of approximately 1 Q'cm® [1].
The addition of certain trivalent metal oxides such as Y,0, and the rare
earth oxides to Bi,0, enables the superionic fluorite-structured phase to
be stabilised at room temperature [2]. The mixed-metal systems, however,
have a higher Arrhenius energy for oxygen ion migration and thus, a lower
foni¢c conductivity.

In this paper, we report the results of a structural study of the
flwrite phase of Y,0,-doped Bi,0, by a concerted use of Bragg and diffuse
scattering techniques and EXAFS with a view to determining the means by
which the dopant ion stabilises the fluorite phase and its effect on
vacancy ordering within the material at roam temperature and at elevated
temperatures,

Neutron scattering data have been obtained for two members of the
(Bi04),..(Y¥,0,) system with x = 0.27 and 0.40 at roam temperature and
750°C. These reveal an increase in the number of <it1>-displaced anions
as the Y,0, concentration decreases, i.e. as the oxygen ion conductivity
increases. There {s also an increase in the number of <11i>-displaced
anions when the sample is heated to 750°C, although the occupation of
these off-lattice sites is considerably lower than was observed for the §
phase of Bi,0, [3]. The diffuse neutron scattering reveals a large amount
of short-to-medium range ordering which increases with the Y,0, content of
the material. This is attributed to incipient superlattice formation
induced by the presence of the dopant. Heating to 750°C reduces the
amount of ordering on the oxygen sublattice. The EXAFS data show there {s
a considerable degree of static displacement within the Y and Bl nearest-
neighbour oxygen co-ordination shell and no evidence for cation-cation
ordering could be detected. These results will be compared with structural
data obtained for the fluorite-related phase of M,0, doped Bi,0, where M =
Er and Yb. (Bi,0,),.,(Er,0,),., has been shown to exhibit the largest
oxygen ion conductivity of the (Bi,0,),.,.(M,0,) series studied to date
[4].

[1) T. Takahashi and H. Iwahara, Mater Res. Bull. 13, (1978), 14u7,

[2] T. Takahashi, H. Iwanara and T. Esaka, J. Electrochem. Soc., 124,
(1977), 1563.

[3] P.D. Battle, C.R.A. Catlow, J. Drennan and A.D. Murray, J. Phys.C.,
16, (1983) 561-566.

(4] M.J. Vervek, K. Keizer and A.J. Burgraaf, J. Appl. Electrochem, 10,

(1980), 81.

P14/0-6

_PHASES STABILITY AND CONDUCTION PROPERTIES IN

THE lszJ-PbO-PbF2 SYSTEM

C. HOUTTEMANE, J.C. BOIVIN and D. THOMAS

Laboratoire de Cristallochimie et Physicochimie du Solide (UA 452)
Ecole Nationale Supérieure de Chimie de Lille

B.P. 108 59652 Villeneuve d'Ascq Cédex, FRANCE

and

A. TAIRI, J.C. CHAMPARNAUD-MESJARD, D. MERCURIO and B. FRIT
Laborstoire de Chimie Minérale Structurale (L.A.CNRS a°®320)
UER des Sciences 123 Avenue A. THOMAS

87060 LIMOGES CEDEX, FRANCE

Fluorides have been extensively inveltig.ted for use as separa-
tors in electrochemical devices. Oxyfluorides could offer an attractive al-
ternative. They often exhibit higher thermal stabilities and can be easily
manufactured as compact membranes. Bismuth-lead mixed oxides and mixed fluo-
rides respectively show high O and F conductivities (1-2). This beha-
viour can be related to the high polarisatibility of the the cation frame-
work. Investigations in the PbF -BiOF system performed by MATAR and cowor-
kers (3) show the existence of a” fluorite type solid solution with conducti-
vities of the order of magnitude of that of bissuth-lead mixed fluorides.

We present the results of investigations in the ternsry system :
Bizo ~PbO-PbF,. Several solid solutions, belonging to different struc-
turai typel,zhave been evidenced. Synthesis conditions and thermal stabi-
lity range have been investigated by means of X-Ray diffraction technics.

Conductivity wmeasurements performed by a.c. methods show that
some compositions exhibit high conduction properties. The G values will be
presented and discussed in relation with the oxygen and fluorine contents.

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

2- REAU, J.M. and PORTIER, J., Solid Electrolytes, Fluorine Ion Conductors,
Academic Press, (1978) 313,

3- MATAR, S., REAU, J.M. and HAGENMULLER, P., J. of Fluorine Chem., 20
(1982) 529.



(44

P15/0-7

CHEMICAL SYNTHESIS AND CONDUCTIVITY STUDY OF DOPED
MULLITE SOLID SOLUTIONS

Guang-yao Meng, Wun-ging Cao and Ding-kun Peng
Department of Applied Chemistry .
University of Science and Technology of China
Hefei, Anhui
People's Republic of China

The paper reports that muliite and doped mullite solid
solutions were synthesized by a wet chemical method, and the

conductivities of samples were measured. The resuits showed that -

the conductivities were dependent on the nature and amount of

- dopant and sintering temperature of samples. The highest value
was obtained on a sample of Y,O4~doped material, which was

1.2x104 (g-cm)~! at 800°C and 0.8x103 (2-cm)~" at 1200°C, higher
than the best value in the literature by almost one order of
magnitude. :

La,O,- and ZrO,~doped materials exhibited distinctly two- -

stage conductivity curves, which implied a different defect structure
and conduction behaviour at different temperature regions.
Ethylorthosilicate (Si(C,H50),), an inexpensive chemical, was used
in addition as a precursor chemical of active SiO, to prepare mullite
samples by a conventional dry process. The samples obtained
showed a better conductivity even than that by a wet method. That

is of great significance to practical application and development of

the muilite materials.
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GRAIN GROWTH IN LIME-STABILIZED ZIRCONIA
IN THE PRESENCE OF A LIQUID PHASE

S. Dou
Department of Chemistry
Northeast University of Technology
Shenyang, China

P. D. Pacey
Department of Chemistry
Dalhousie University
r Halifax, NS B3H 453

C. R. Masson and B. Marple
National Research Council of Canada
Halifax, NS B3H 321

Abstract

Calcia-doped zirconta, CSZ- (7.5 wt % Ca0), with tmpurities of
A1503, Si Op, Mg0, Fep03 and T10,, was sintered in air at 1783 K for
timed§, t, from one hour €o 230 hours. The microstructure was studied
by electron microscopy and by X-ray analysis and was found to consist
of grains of CSZ and small amounts of pores and of i 0-A120 =810
eutectic. The grain diameters grew in proportion to t'/2, The r 'ultg
were consistent with a mechanism in which grain growth was limited by
diffusion of Zr {ons through the l1iquid eutectic. There was a slow
decline in the S{0; content of the ceramic.
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STRUCTURE OF THE MIXED CONDUCTOR Nl,O,!

BY POWDER NCUTROM DIFFRACTION

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

Department of Chemistry,
University of Birmingham,
Birmingham B15 27T,
England.

The cathode reaction in most secondary alkaline cells comprises the
i{nterconversion of Ni(OH), and NiOOH, and involves solid state proton transport.
However, the small crystaillte size of oxidised phases has prevented detailed
structyral characterisation, and the mechanism of proton migration remains
unclear., -

Using hydrothermal techniques, a single phase material has been synthesised
with an average Ni oxidation state of 2.67. Although the ciystallltes are
still not large - typically platelets of thickness 370(50) A and diameter
1100(400) A - the crystallographic and magnetic structures have been determined
using an automatic indexing program followed by Rietveld refinement of powder
neutron diffraction,data obtained aty,4.5 K. The unitycell (orthorhombic,
Pnmn, a = 5.084(1) A, b = 2.9103(6) A, c = 13.954(3) A) implies a nominal
composTtion Ni,0.H with Z = 4, but chemlcal analysis and refined parameters
suggested an agtaal stoichiometry Ni 50 H 1 The H atoms were located
using Difference Fourier techniques lﬂ% -Zaﬂ'ﬂ-ns--o bonds exist. An
interesting featuse of the“structure is that at the temperature of the
determsgatlon, Ni°* and Ni'* species are present rather than the expected N
and N7,

lZo

The relevance of this phase to battery materials has still to be
established, but certaln features suggest a relationship to the hitherto
uncharacterised 8-Mi0OH. The material is a semiconductor, and proton
conductivity has therefore been examined using electron-blocking elgstrodei._l
Initial results imply the relatively high conductivity Oys ™ 5 x 1077 ohm™"m
at 298 K, very similar to values obtained for 8-NiOCH.
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Electrochemical Insertion of Lithium and Sodiam Into the two
Crystallographic Forms of 8 New Molybdeoum chalcogenide Phase
‘ Mo, sSeyy ‘
4. M. Tarascon

Bell Communicstions Research
Murray Hill, New Jenscy 07974

Topotactic redox reactions have been intensively studied for the Chevrel phases Mo X,
(x = S, Sc¢), whose structure (build-up of Mo X, clusters) contains large open channels. New
ternary molybdenum chalkcogenides (In, ,Mo,,Se;y, 10,M0,Se,,), resulting from s linear
condensation of the Mo, octabedron have been recendy reported. Both materials- arc
composed of Mo,Se, and Mo,Se,, clusters packed three-dimensionally in a different way.
Here we will show that indium can be pulled out from these compounds at Jow tempersture
(420°C) by oxidation under an HCl flow, yickiing to 8 new phase Mo, Se,,. X-ray studies
reveal that during the oxidation the arrangement of Mo,Se, and- Mo,Se,, clusters is
maintained leading to two crystallographic forms for Mo, Se,,, denoted A and B when
Iny Mo, Se,, and InMo,Se,, are used a3 starting material respictively. The
cpullographic lattice parameters are 8, = 9.793A, ¢, = 19.775A ‘ia 'i"l,'- 9.687A,
= S8.151A for A and B respectively. The chemical and electrochemical insertion of
lithium end sodium ialo the two crystallographic forms (A.B) of Mo,,Se,, will ao be
presented. For lithium, cycling data down to 1.3 volts, shows that the voltage-composition
curves aro similar for A and B phases, and furthermore indicates that Mo, Se,, can take-up
reversibly up to 8 lithiums (Li,Mo,,Se,,). This value agrees perfectly with the ons expected
from the limiting jonic formula [Mo,Se,]‘~ [Mo,Se,,J'~. In contrast, cycling data reveals &
quite different bebavior of A and B phases with respect to sodium intercalstion, ssmely an
higher discharge voltage'as well as & better revenibility for the cell inh. Mé,,So.. (B) &
cathode. The different stacking of Mo,Se, and Mo,Se,, chusters in A and B phases leading to
different three-dimensional network of channels in which the ternary elcment can be inserted
will be used to cxplain the observed electrochemical data, namely the snomalies in the-
voltage/composition curves, and differences between sodium and lithium intercalation.
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LITHIUM INSERTION/EXTRACTION REACTIONS WITH LiVO; AND LiV20,

L A de Picciotto and M M Thackeray

National Institute for Materials Research, CSIR,
P 0 Box 395, Pretoria 0001, South Africa

ABSTRACT

Lithiun insertion into LiV,0, and extraction from Liv0; and
LiV20, have been investigated both chemically and electrochemical-
1y. Structural characteristics of the lithiated and delithiated
products have been determined.

Lithium extraction from the layered LiV0; structure results in
a rearrangement of the vanadium fons in the cubic-close-packed oxide
lattice; in Lig 22V0, approximately one third of the vanadium fons

reside in the octahedral sites of the lithium-deficient layer. The

removal of lithium from the structure reduces the ¢/a ratio of the
trigonal lattice constants to almost cubic symmetry. Heat-treatment
of Lig s¥0,, obtained by chemical delithiation of LiV0,, to
~ 300 °C results in a transformation to the spinel LiVz0. Similar
heat-treatment of Lip_ 4sV0; results in the cation-deficient spinel

Lig.ovo.1[030.1¥1.9]04 with vacancies on the octahedral B-

sites of the spinel structure.

Extensive delithiation of LiV,0, ("a* = 8.24 A) is possible.
The powder X-ray diffraction profile of Li~g 3V204 is two-phase:
it shows a cubic phase with .2 contracted "a" lattice parameter
(8.21 A) in which the [V;]0, spinel sublattice remains intact, and
the trigonal phase that characterizés an extensively delithiated
LixV02 product (x =~ 0.1). Lithium insertion into LiV,0, generates
metastable Li,V,0, in which the [V,]0, spine) framework is retained:
the volume of the cubic unit cell increases by 2.2%.

_LITHIUM INSERTION REACTIONS IN URANIUM OXIDE PﬁASES

M.T.Weller and P.C.Dickens
Inorganic Chemistry Laboratory,
' South Parks Road,
Oxford.

Lithium insertion compounds of transition metal oxides have been

-studied extensively, and in particular with respect to thelir

thermodynamic and kinetic properties. Well known ex.nplel‘include
Li, W0y (1), Li,V,0q (2) and Li CoO,. We have recently invelti;nted.the
lithium insertion compounds of uranium oxides, with emphasis on U;0g
and various polynorphl of U0y, and now report on their preparation and
characterisation.

The electrochemical imsertion of lithium into these materiasls has
been studied by monitoring the voltsage of the combination
Li(s)/1MLiC10,/Li UO,, where UO, is U30g, alpha U0y or gamms U0y, as &
function of x. The form of the discharge curve in each case vas used
to determine the ranges of composition for several nev phases formed
during the reduction. Thermodynamic functions G°x and G(x) vere
determined for the insertion reaction from open cicuit measurements .
and have been compared vith those derived for other lithium insertion
compounds. Estizates for the rates of diffusion of lithium in these
nhtéﬁiul. vere also derived electrochemically using pulse relaxstion
methods, - . .

Lithium has also been inserted into U30g, alpha and gamaza UO,

. cﬁeuicglly. using Lil or n-butyllithium in an inert solvent as the

lithiating agent. Analysis of the products using povder X-ray
diffraction shows that the basic oxide framework is unchaoged in all
cases following lithium insertion. Products formed by the reaction
with Lil were those expected on thermodynamic grounds from the
c.ectrochemical data.

Further studies are in progress in order to elucidate the
structures of these insertion compounds using powder neutron
diffraction.

(1) K.H.Cheng and M.S:Whittinghso. Solid State lonics, 1, 151
(1980)

(2) P.G.Dickens and G.J.Reynolds. Solid State lonics, 5, 331
(1981) ’ -
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DISCHARGE OF SOLID STATE Li4N+TiS, COMPOSITE ELECTRODES

Boye Knutz and Steen Skaarup
Physics Laboratory III
Technical University of Denmark
DK-2800 Lyngby, Denmark

-Solid state batteries based on the cell configuration Li/Li,N/TiS

have peen shown to be able to withstand current densities up to i
mA/co® at 170 °C with reasonable cycling efficiency. The slow rate of
Lt transport in the compact cathodes of preased sz, limits the
thickness of the cathode to about 50 microns if discharge times of the
order of a few hours are to be possible, and also neccesitates the
high temperature.

In order to achieve faster ionic transport experiments have been made
using composite solid state cathodes of Li3N and TiS,, each 50% by
volume. In an ideal composite electrode, the magnitude and temperature
variation of the ionic diffusion is that of the electrolyte compound
(here Li,H) modified by a factor depending on the volume fraction. The
experiments verified the improvement in Lt transport making possible
a lowering of the temperaturs to 140 °C and an increase of slectrode
thickness.

A 0.1 am thick cathode was cycled with 2 ak/ca? {(stoichiometric dis-
charge time: 1.2 h) about 700 cycles. The cycle efficiency of the
first 400 cycles was 99.8%. The decresase in capacity was due mainly to
kinetic factors, and not to irreversible loss of capacity, since most
of the originli capacity was available when temporarily dischargi
with .15 _‘A/cx. The apparent chemical diffusion oo’trisiont for Li
was 4¢10 ° ce”/s during the first oycles and 3°10° 7 ca‘/s after 700
cycles. The charge factor was 1.1 at 2 mA/ca® due to unidentified
processes but very close to unity at Q.15 mA/cm®.

A siailar cell was cycled at 4.3 mA/cm’ in order to test the limits of
current density. The charge factor in this case stayed at 1.0 during
the 30 cycles before dendrite formation. The separator was .2 aom
sintered Li,N.

The apparen Li* diffusion coefficient was 1.6'10'7 c-zla - this is
far higher than for pure 1182 powder showing that the c0l9031Qf elfc-
trode works. Theoretical maximum values range from 1-7°10"' cm‘/s
depending on the expression used. The activation energy was .4 eV -
rather far from the LisN value of .26 eV.
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LITHIUM TRANSPORT KINETICS IN
TERNARY LITHIUM~COPPER-OXYGEN CATHODE MATERIALS

Ned A. Godshall

Sandia National Laboratories
Exploratory Batteries Division 2523
Albuquerque, NM 87185

INTRODUCTION

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

Effect of Intermediate Ternary Oxides
The free energies of formation of the intermediate ternary oxides
were not previously known. They were measured electrochemically
at 25°C in cells of the type: . i
Li/ PC,1.0M LiCl04 / LixCuO :

and were found to be -86.3 kcal/mole for LiCd‘ and approximately
-167 kcal/mole for LijCu0;. Two equilibrium discharge plateaus
were observed in Li/Cu0 cells, with open-circuit values of 2.20
and 2.08 volts vs. Li; however, the composition corresponding to
the beginning of the lower plateau was somewhat masked by mor-
phological considerations and relatively slow kinetics. X-ray
diffraction analyses confirmed the equilibrium cathode reactions.

The system was found to polarize strongly at current densities in
excess of 1-2 mA/cm2, with correspondingly long equilibration
times. The slow kinetics of this system are also apparently
manifested in lower observed open-circuit voltages (after partial
discharge) than those predicted thermodynamically, 1.6-1.8 V ver-
sus 2.2-2.4 V, respectively. A theoretical discussion of the
possible rate-limiting steps in the solid LiyCuOy multi-phase
cathodes is given. These include 1) transport of Li ions through
Cu0, 2)formation of marginally-unstable non-equilibrium phases
during high cell polarization, and 3) transport of electrons
through electronically-insulating Li30 or LiCuO ternary phases.

. REFERENCES
1. N. A. Godshall, I. D. Raistrick, and R. A. Huggins, J.
Electrochem. Soc. 131, 543 (1984). .
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LITHIUM ION INSZRTION INTO Li, _ Co0

l=x"""2

P.G. 3ruce
Department of Che=istry, Heriot-Wact’
University, Riccarton,Edinburgh,

EHl4 448, U.K.

and
M.G.5.R. Thomas a=d J.B. Coodenough,
Inorganic Chemistry Laboratory,
University of OxZord, South Parks Read,
Oxford 04! 3IGR, U.K.

A.c. impedance measurements have been employed to characterise the
processes associated with reversibdle insertiom of lithium ions from the
non-aqueous electrolyte, LiBF, ia propylene carbonate, into the layered
intercalation electrode Lij_ Lo0,. Studies were carried out principally
on the composition x = 0.34. T%e frequency dependent a.c. response of
this porous insertion electrode can be divided into high and low frequ-
ency regions. : . :

The high frequency region .is associated with Li"-ion exchange at the
electrolyte/electrode interface, two semicitcles are observed in the
complex impedance plans. Models involving a significant charge trans-
fer process coupled with either aisorption or surface layer formation
fit the observed response equall: well. Time dependent experiments
eliminatad the adsorption model. Constant voltage experiments and the
preparation of electrodes with greater electrolyte/electrode interface
area, couplad with electron microscopy, provided evidence for the sur-
face layer modal. We propose that propylene carbonate is polymerised
on the electrode surface producing a thick (v30K) polymaric coating
somewhat permeable to lithium ions.

Only by including a constant phase angle expression in the equival-
ent circuit representing these mcdels could an adequate fit to the
obsarved data be obtained. This arises from the porous nature of the
electrode.

The low frequency a.c. response is associated with the diffusion of
lithium io-s in the electrode. Warburg behaviour is observed which, at
the lowest rrequencies, turns upwards to form a verticle spike in the
complex impedance plane, indicacing a transicign from semi-infinite to
finite lengch diffusion. We dereranined the Li -ion diffusion coeffic-
ient for Lig.gsCo02 by three separate methods.

(1) Extraction of the Warburg prefactor from the a.c. results.

(2) Determination of the transition frequency from semi-infinite to
finite length diffusion.

(3) A modified Tubandt technique which couples the traditional Tubandt
cell with an &.c. measurerent to eliminate interfacial resistances,
permitting a direct measurezent of the lithium ion conductivity
in this mixed conductor.

The three techniques are in close agreement yielding lithium diffus-
ion coefficiencs in the range 4.7-5.2 x 10-}2m24-1, Over the composit-
ion range 0.45<(i-x)<0.80 D . increases slightly from 5 to 7x10712m257},
this is amongst the highest ~lithium diffusion coefficients reported
for such systems.
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Structural Aspects of Alkali Metal Insertion
Compounds with the Pyrochlore Structure

* * R Caie
D. W. Murphy’, R. J. Cava , K. Rhyne®, R. §. Roth®,
T. M. Zahurak", and J. L. Dyet

*AT&T Bell Laboratories
Murray Hill, New Jersey 07974
U.S.A.

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

+Chemistry Department
Michigan State University
E. Lansing, Ml 48824

ABSTRACT

Compounds with the pyrochlore structure are of interest both
as solid electrolytes and as ion insertion hosts. The cubic
framework structure with space group Fd3M is able to accommodate
the alkali metal ions from Na through Cs as well as pseudoalkalies
such as H,0%, NH and T1%. We recently showed that pyrochlores
of stoichlometry ANbWO. (A=Na, K, Rb) readily undergo insertion
reactions with alkali ﬂetals to give A_NbWO.. This study presents
further data on these compounds includinq séructutes determined
from neutron powder diffraction data for KNbWO_., K,NbWO_., KNbWO_°
Hzo and hopefully by August some Rb and Na comgounas asswell. 6

The structural feature of importance to ionic mobility is
the presence of two major sets of sites for the alkali ions.
There is one large site (8b) per formula unit which has six
nearest oxygen ions and eight more slightly further away, and
there are two somewhat smaller six coordinate sites (16d). There
also exists the possibility of occupation of a more general site
(32e) located along a line between the two special siets. For
Kwaos, K is located on 32e approximately 25% of the way from
8b to"16d. Hydration and insertion of K leads to exclusive
occupation of the 16d sites by K. The water in KNbWO_°H,O0 occupies
32e sites. Hydration of KNbWO, is rapid and reversibfe ear
100°C, but NaNbWO_"H.O dehydraées only above 300°C. We expect

"an important ditfgre ce in the role of water in NaNbWO_-H.O.

6 72
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ELECTROCHEMICAL CHARACTERIZATION AND PREPARATION
OF SEMICONDUCTING MATERTIALS

Werner Weppner
Max Planck Institute for Solid State Research

D-7000 Stuctcgart-80, Germany

Solid state electrochemical techniques were employed to
prepare semiconducting materials and also to investigate their
phase equilibria, thermodynamic properties and kinetic
behavior. The electronic properties of the semiconductors
were sensitively controlled by coulometric citration processes
using auxiliary electrolytes for several ternary systems and
some classical doped element semiconductors. Local varvriations
of the electronic properties were formed by the application of
dc voltages using ionically blocking electrodes.

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

The application of small dc voltages to semiconductors
produces inhomogeneities of the composition in a formal
analogy to Nernst's law. This produces local variations of
the semiconducting properties. p-n junctions were formed and
reversibly removed by switching small voltages on and off.
Oxygen has been desorbed to the gas phase and reversibly
absorbed in the case of oxide semiconductors.

In addition, electrochemical éeduction and oxidation
processes often produce interesting semiconductor structures
by kinetic reasons. These may be very different from
thermodynamically expected patterns. Compositions may be
formed which would not be expected from a point of view of
phase equilibria. These semiconductor structures may be
formed at higher temperatures and then quenched to room

. temperature.

f

P26/ET-2

NMR STUDY OF ONE-DIMENSIONAL IONIC CONDUCTOR WITH HOLLANDITE-TYPE STRUCTURE
IV, Rb-PRIDERITE

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

$,YOSHIKADO, T.OHACHI and I.TANIGUCHI
Department of Electronics, Doshisha University, Kyoto 602, Japan

Size effect on the conduction properties of priderites was investigated.
by NMR using “’Al in the framevork as the probe, Temperature dependences
of spin-lattice relaxation time T, were measured on two samples, Rb; «3Alj ss
Tig.15015.92 (RATO) and Ko.esRbo.¢eAly.73Tic.23015. s (RKATO) and the results
are given in Figure 1.

Log(T1) of RATO shows linear dependence on 1/T; in the temperature range
from 105 K to 167 K and the slope gives a value, ENMR = 0.12 ev, Frequency
dependence of T, measured at 125 K and in the frequency range from 1l1.1 Mz
to 20.8 MHz is Ty « w!*33%%:15 4pn3 j5 nearly the same with the dependence of
K-priderite (KATO), T; = w'-***°-%5 peasured in the frequency range from 10
MHz to 55 MHz.[1] This result indicates that the relaxation of RATO is
also described by the continuum model. Therefore, the intrinsic activation
energy E of Rb* ion is determined to be E = 0,24 eV using the relation E =
2XEm . T, reaches the minimum value at 240 K and then it increases with
a sméﬁl shoulder at about %00 K, which is thought to be the effect of the
impurity barriers in conduction channels, The slope above LS50 K is
70.16 eV and the ratio of of RATO and KATO (E__ " 0.12 eV) in the%
temperature reglon is oot 80 large as the ratio (w"V?o) in the low temperature
region. . -

The spin-lattice relaxation of RKATO below 100 K is dominated by the

ionic motion of K* fon. Temperature dependence of T; shovws a symmetrical
curve at temperatures around 60 K vhere T, takes a minimum value, 2
in this region is 0,020 eV and is T (K '

much smaller than the value of 200100 50 40 0 25

e —

KATO. The value of E is B

very sensitive to a sliéﬂ@ change TWof UAL 1420.8 MHE
in the lattice constant of the
a-axis [2] and the decrease in

E of RKATO is attributed to a
s§¥§ht increase (~ 0.26 %) in the
lattice constant. The motion

10 3 o® Ennn©0.029 oV

Eonan * 0.020 ov

N 1
of Rb” ion is observed above 110 E
K. The slope E“ in the tem- . oo
perature region from 150 K to 200 *~
01 . ® 7 KisAhsTigsOg E

K is a little larger than that of
RATO and it will be also explained
by a slight decrease in the lat-
tice constant. from the value of 0.01
RATO. )

[1] Y.Onoda et al, to be published 0 s 10 15 20 15
[2]) Y.Onoda et al, to be published 1000/ 7 (k-1)
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DISORDER INDUCED SCATTERING IN 8 -Agl

A. Fontana+, G. Mariotto+, E. Cazzanelli+, F. Rocca-,
V. Mazzacurati®, G. Ruocco™, G. Signorelli~”.

+: Dipartimento di Fisica, Universitd di Trento;

38050~Povo (Trento), ITALY

Centro Ci Fisice degli Stati Aggregati e Impianto Ionico
del CNR di Trento; 38050-Povo (Trento), ITALY

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

In a previous paper (1) we have reported temperature dependent Raman spe -
ctra in the phase of silver iodide, showing the appearence, between li -
quid helium and liquid nitrogen temperature, of some broad features not ac-
counted for by the usual normal modes analysis.

We have now carefully repeated the Raman measurements in different polari -
zation settings and with different crystal orientations. The analysis of
the the depolarization ratios helps to separate these broad features from
the narrov polarized peaks due to the K<z 0 phonon scattering.

The normal modes shift slightly toward lower frequencies and broaden at
increasing temperatures, in such a way to be considered almost harmonic.
Therefore, taking away from the spectra the total contribution of the K220
modes and dividing this spectral intensity by the factor [(n(w)+1)/w]J, we
get a spectral density which can be closely related with the vibrational

density of states of the crystal. Above 100°K up to room temperature the
main shape of this spectral density does not change; below the liquid nitro
gen temperature we can see these "extra-modes" arising below the normal

modes, until they get the shape conserved at higher temperatures.

Assuming the induced polarizability mechanism already adopted for the =l
phase (2, 3) and supposing that the increasing disorder produces a lower
range of correlation in the local polarizability term, we have been able to
extract the overall density of states. Starting from this result we can
measure the degree of disorder between 4 and 100°K, represented by the cor-
relation length Qf the induced polarizability, which explain the shape of
the Raman spectral density at any temperature.

The polarizability mechanism adopted in this work is consistent with the
experimentally observed depolarization ratios of the "extra-modes” contri -
butions, which are frequencey independent and slightly decreasing at higher
temperatures. Works are in progress to give a quantitative analysis of the
changes in the Raman spectra between liquid helium and room temperatures.

1) A. Fontana et alii, Solid State Comm. 28, 35 (1978)
2) V. Mazzacurati et alii, Phys. Review B 26, 2216 (1982)
3) E. Cazzanelli et alii, Phys. Review B 28, 7269 (1983)

EQUIVALENT CIRCUIT ANALYSIS OF HIGH TEMPERATURE
SOLID ELECTROLYTE

NOBORU MATSUL _
TOYOTA CENTFAL R&D LABS., INC..
41-1, Aza Yokomichi, Oaza Nagakute, Nagakute-cho,
Aichi-gun, Aichi-ken, 480-11, Japan

some metal oxides were added to YSZ in order to improve

" the electrical properties, and the impedance dispersion of

these materials was measured. The frequency dispersion of the
solid electrolyte/electrode system was analysed in terms of
the equivalcr: circuit representation.

Usually, the complex impedance plane for YSZ systems con-
sists of two semicircles or arcs in high and low frequency
ranges. The former corresponds to the dispersion for the grain-
boundaries of YSZ and the latter to that for the electrode
reaction. The simple R-C network circuit, originally proposed
by Bauerle, has been extenzively applied to analysis of such
impedance dispersion data, but sometimes the simple circuit
does not coincide with the data. Therefore, we proposed a dif-
ferent simple equivalent circuit for Pt/YSZ with additives/Pt
system(1) (2) . This circuit involves a frequency dependent ele-
ment for the electrode reaction part. Recently, we proposed a
new symbol as shown in Fig.l(a) to represent the frequency de-
pendent element (3). The symbol is expcessed by

il-—‘%u-j) . . (1)

where A and n are variables, w is the angular frequency, and

j is equal to J=1. In the case of n=1/2, 2] has Warburg-like
frequency dependency. The symbol does not contain any electro-
chemical meaning, but merely shows the electrical frequency
dependence of the impedance.

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

2= A(...l_ -3 == ) (2)

w™ w2 ,
where m is a very important factor, indicating the circle de-
pression degree. The smaller m is, the more depressed the cir-
cle is.
(1) N. Matsui, Surface Science, 86 (1979) 353.
(2) N. Matsui, Solid State Ionics, 3/4 (1981) 525.
(3) N. Matsui, to be published.
A\, /m

A A m n n
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CHARACTERISATION OF THE SOLID COMPOSITE ELECTRODE

Mnoz-y,vacetylen black ; HUP/HUP by impedance spectroscopy

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

Ecole Nationale Supérieure d'Electrochimie et d'Electrométal-
lurgie de Grenoble, Laboratoire d'Energétique Electrochimique
associé au Centre National de la Recherche Scientifique n® 265,

B.P. 75, 38402 Saint Martin d'Heres (FRANCE).

This work deals with the characterization of the positive
electrode of a "all solid" battery based on a protonic electro-

lyte (HUP) operating at room temperature.

Different types of electrodes, made either -of platinium
or of the composite material : Hnoz-y-acetylen black - HUP have
been compared.

The transfer reaction of the proton at the interface has

been characterized by impedance spectroscopy at different stages
of the discharge.

The relevant diagrams are usually composed of several
capacitive loops. In particular conditions of the electrode
preparation, additional inductive loops and Warburg lines are

observed.

We have shown that the nature of the proton transfer mecha-
nism at the interface is directly related to the composition and

preparation technique of the composite electrode.

“THis result is-discussed in terms of the hydratation state
of ‘'the system.
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SOME SUPERIQONICS STUDIED BY POSITRONS

S. Linderoth, H.E. Hansen, A. Shishkin',_S. Skaarup®®, N.H. Andersen™*,

M.D. Bentzon and K. Petersen

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

*Visitor from: The Department of Experimental Physics, Moscow Physics
Engineering Institute, Moscow, USSR

**physics Laboratory 111, Technical University of Demmark,
DK-2800 Lyngby, Denmark

*+%physics Department, Rise National Laboratory,
DK-4000 Roskilde, Denmark .

Abstract

The positron annihilation technique is well established for investigation of
defect structures and for measurements of vacancy formation enthalpies

in metals [1]. We have employed positrons to study the superionics: Li3N.
BaF2 and PbFz. which have been investigated by the means of positron lifetime
and angular corretation (ACPAR) measurements. ’ :

Li3N with different content of hydrogen was studied in the temperature range
7-360 K. In LiyN the average positron Vifetime, T, decreases around 80 K by
an amount depending on the H-concentration. In the purest Li3N sample ¥
decreases again around 200 K. This behaviour of T seems to be associated with
thermal vacancy generation and to support the idea that hydrogen enhances the
vacancy concentration in Li N fal.

Pure and UFa-doped BaFZ has been studied in the temperature range 77-600 K.
In the heavily doped samples a lifetime of 238 ps dominates. This component
is also present in the pure sample where the intensity increases around

350 K. This component may be associated with interstitial F~ ions. Positron
lifetime and ACPAR measurements on pure PbF2 are in progress to throw more

Tight on the positron states in these superionics.

[1] Positrom Solid-5tate Phyasics, ed W. Brandt and A. Dupasquier
(North-Holland, Amsterdam, 1983).

[2] T. Labb, S. Skaarup and A. Hooper: Solid State lonics II, 97 (1983).
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NMR STUDIES OF THE MIXED CONDUCTOR L{,V,0s

Monisha Bose & Anjall Basu
Saha Institute of Nuclear Physics, Calcutta - 9

The mixed conductor Lixv 05 displays different phases depending on
the value of x, as also on tfle method of preparation. - Roam temperature

(rt) lithiation leads to metastable phases a (0< x¢ 0.1), € (0.35<x¢

0.5) and 6(0.9¢ x < 1.1), where in Li is intercalated between V,0
layers leaving the baslc V50 matrix unaltered. High temperature &3
technique results in stable phases, whereina (0<x<0.13) i{s a layered
orthorhombic, 8(0.22¢ x £ 0.49), a monoclinic three dimensional network
and y (0.88¢ x < 1) a different orthorhombic layered structure.
Comparative NMR studies presented here are correlated with structure in
an effort to understand the mehanism of conduction. V NMR -
Intercalated Li exists as Li* and creates paramagnetic Vi+, which
influences the observed V°* spectra. In the slightly perturbed -a
phase, the spectra resemble the V30, (powder) spectrum with satellites
and an assymmetric central line with structure in high field slde.
With increasing x, the paramagnetic effect increases. Thus the
satellites becomes weaker and at x = 0.4, only the first pair of
satellites could be observed. For higher x values, no satellites could
be observed for either system. At x = 0.3 in rt, where the V,0
layered structwe persists, the central 1line shows only paramagnetil
shift and broadening effects. But in the ht g-phase, this line shows a
drastic change. For rt, this change occurs above x = 0.4, In this
region, the broad central line i{s similar in both comprising a narrow
unshifted and a superposed paramagnetically broadened high fleld
shifte llne4 corresponding to V2>* and the mixed valence state arising
from V2* - yv7* exchange. This correlates well with the three different
sites in s-phase, where one site does not participate in electron
exchange, but exchange occurs between the other two sites. At x =1
for § and vy phases, the central lines are not very different, as both
are layered structures. In ht, the pure y exhibits two lines from the
two different sites, one broad another comparatively narrow. The
overall width {s less than in rt, where the low field line is very
broad. - :

-7-1.1 NMR - In rt, very interestingly a single NMR line almost
unchanged in width occurs throughout the caomposition range, in direct
contrast to-that in ht. As more Li is introduced in rt, the cell
expands (interlayer separation along C increases from 4.4 to 5.0 1)
permitting the creation of new interstitial sites resulting in
unchanged Li mobility. In contrast, in the g -phase with an {rregular
tunnel, the highest L1 mobility occurs (11ine narrows) but in the new
layered vy, since Lithium occupies all the available sites at x = 1, a
highly immobilised Li lattice leads to a broad line.

51\! spectra is highly complex and temperature variation studies
are contemplated to elucidate the finer details. However, even the
present room temperature studies of ‘L1 and 2'V NMR bring out the fact
that in rt, possibly the L1 {s intercalated in 'Stages' and the
different phases correspond to t.hg different degrees of 'Staging'.
Further the drastic change {n 1 spectra at x= 0.3 (8) which
corresponds to x 0.4 (¢) {n rt is in consonance with the conductivity
values which 13 maximum at x = 0.3-0.4 for ht but at x = 0.6 for rt.

- comgounds in a phase diagram,
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CTROCHEMICAL DTERMINATION OF THE THERMOUYNAMIC | ROF SRTY
OF INT:IRMCUIATE COMPOUND IN MC-O SYSTIM

S

Kuo-chih Choy, 3huana-lin Chen

(8eijin~ University of Iron ana Steel T=chnoloay)
{(Beijing, Feogle's wepublic of Chinal

AB3TRACT

Th2 thormliynaric _Lro;.'.—':rti.es cf intermediat2 compound
104411 in M2-0 systom have Desn determined by a hign-tempurda=
rarae oloctromotive force (emf) methcd using stabilizea
irecnis as the elactrolyt2 over the temperature range frcm

b

e 8oL,

in orier to verify the reliability of our experimental
1ata, a thermoaynamic prinbiple, named “the progressive

decrease principle“éf electromécive force in the system con-
taining a series of int2rmediate oxides®, has been develoged,
that is, for a cell reaction involving two adjacent intermediate

— % o, 2 S - M,;O);

X:)’;-.—X,.,); it "y X:};-.—x;..)’,-
where M represents an element and xji, yj are stoichiometric
coefficients, the corresponding cell elactromotive force &
will decrease with increasing the ratio of yj/x; and the Gibbs
free enerqgy of formation of Mg O] is expressed as

G, o, = zxk;Z; Lad Ak EF _.
where F represents the Faraday constant.
The application of this principle to the MO-O system

showed that, our results obtained in this investigation are

R
+t 50, =——

(3

r:lidbl2.

Thire are still ienty Oof intermediate compounds which
+hucmoilynamic propurtics are not évailable. The solid elec-
rrolytes as an electromchemical cell materials will plgy an
important rol: in th2 measuring those preperties., It is expected
that, the principle in;roduced here will offer an effective
method to verify thosa e<perimental data cf a series of in-

termediate compounds in a binary system.
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Effective Potentials from Langevin Dynamic Simulations of
Framework Solid Electrolytes

R. 0. Rosenberg, A. Nitzan, M. A. Ratner
Department of Chemistry and Materfals Research Center
Northwestern University, Evanston, IL 60201

Ionie motion in framework solid electrolytes constitutes a special sort of
classical many-body problem. In such electrolytes, the conductivity is due to
the motion of {nteracting mobile ions modulated by the presence of an essen~
tially Lmmobtle framework sublattice. Here, a one-dimensional model of inter-
acting particles, governed by Langevin's equations of motion in a sinusoidal
potencial, is ugsed to calculate particle distribution functions and effective
potentials.,

The total static potential for ifonic motion in a system with N mobile fons
contains bocth one and two body terms:

N
VNCEXE) = T Vi) ¢ § Vy(xg-xy) . m
1=1 14
Vl(‘) i3 the sinusoidal potential,
Vy(x) = % cos(2x x/a) )

where A i3 the barrier height and a is the distance between wells. Vz(xi-xj) is
assumed to be the sum of pair interactions such as the couloamb potential,

Vy{xg-xy) = q?/Ixy-xy| : ) (3)

where ¢ 1s an effective charge. The effective potential Vage(x), i3 then
defined through the density distribution, p(x), ’

o(x) = 2 o BVege(x)

%)
where 8 = 1/kT; k i3 Boltzmann's constant, z a normalization constant, and T the
temperature. The Langevin dynamics simulation is used to calculate p(x), which
in turn gives Vagf(x). In the high friction limit, the dc conductivity of the
system can be expressed in terms of the effective potential, [1]

o =0g Dy 8 [ } f: dx eBVeff(x) % f: dx e'BVeff(K))—[ . (67)

where p; 1s the average density and D, {s the bare diffusion coefficient. Thus
given the density distribution, p(x), one can obtain (in the Smoluchowski limit)
the dc conductivity o.

The dc conductivity and the other distribution functions can be used to
investigate commensurability effects, pinning effects, and screening effects.
Comparisons can then be made between correct aumerical many-body results and
various analytical approximations (2],[3].

l. A. R. Bishop, W. Dietrich, and l. Peschel, Z. Phys. B33, 187 (1977),

" 2. A. Bunde, Z. Phys. B4&4, 225 (1981).

3. S. Jacobson, M. A. Ratner, Solid State lonics 5, 129 (1981).
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A PACKACE FOR IMPEDANCE/ADMITTANCE DATA ANALYSIS

Bernard A. Boukamp

Tuente University of Technology, Department of Chemical Technology.,
Laboratory for Inorganic Chemistry and Materials Science, P.0.Box
217, 7500 AE Enschede, The Netherlands.

~

The analysis of the frequency dispersion of many electrochemical
systems is rather complicated because the time constants, assoclat-
ed with the various subcircuits of the equivalent circuit model,
are too close together. Thus almost all parameters of the equi-
valent circuit have to be adjusted simultaneously. This can be
accomplished through the use of a nonlinear least squares fit
(NLLSF) procedure as, for example, has been described by Macdonald
().

This still leaves one with the problem of guessing the proper
shape of the equivalent circuit and obtaining a set of reasonable
starting values for the parameters in order to proceed with the
NLLS-fit. A simple procedure is described with which the frequency
dispersion data may be analyzed and which will yleld a set of use-
able starting values. This program (written in Basic) {3 especially
suited for use on a personal computer. The principle and operating
procedure will be explained and illustrated with so@o real measure-
ments. . .

(1) J.R. Macdonald, J. Schoonman and A.P. Lehnen, J.Electroanal.
Chem., 131 (1982) 77.
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SEQUENTIAL HYPERSONIC DAMPINGS DUE TO FAST 1ON DIFFUSION AND

VISCOUS RELAXATION IN AgI-RICH IONIC LIdUIDS

" L. Borjesson, S. W. Martin,” L. Torell* and C. A. Angell"

*Department of Physics
Chalmers University of Technology
$5-412 96 Gothenburg, Sweden

.'Departmen( of Chemistry
Purdue University
West Lafayette, Indiana 47907, U.S.A.

ABSTRACT

We report the novel observation that in certain ionic liquids two indepen-
dent relaxation processes can be distinguished by Brillouin scattering. The
phenomenon is observed in the liquid states of the so-called “superionic
glasses” in which the fast ion conducting modes are highly decoupled from the
relaxacion modes of the amorphous matrix. Brillouin scattering data for the
(AgI) 4 (AgPO1) ~x systems reveal two independent hypersonic phonon damping mech-
anisms which sre attributed to structural relaxation and to Ag* diffusion, re-
spectively. For low Agl-concentrations (x < 0.3) only one absorption peak is
seen, indicating a coupled system where the conductivity relaxation time is
about the same as the structural relaxation time, f.e. T, 3 Ty . For higher
Agl-concentrations (x 2 0.4), where a greater decoupling (tg < T,) of Agt diffu-
sion is expected, a second absorption region is observed. For x = 0.4 , and
x = 0.5 an absorption peak is found at a temperature predicted by extrapola-
tions into the liquid state of conductivity relaxation time data of the glass
though for x = 0.5 , the second absorption region 18 very broad. The results
imply thar we have observed, for the first time, the liquid state equivalent of
the mobile cation internal friction peak well known from lower frequency me-
chanical studies of ionic-conducting glcsses.

MONTE CARLO STUDIES OF IONIC CONDUCTORS CONTAINING AN INSULATING SECOND PHASE

A. Bunde'™, W. Dieterich®,and €. Roman®

*rakultit fir Physik, Universitat Konstanz, Konstanz, W.-Germany
*Center for Polymer Studies and Department of Physics, Boston University,
Boston, USA.

~ The ionic conductivity of Lil and other materials can be considerably
enhanced by adding small particles of an insulating second phase. This ob-
servation is attributed to an increased density of conducting ions along the
internal interfaces in the two phase mixture 1. In this work we formulate a
model which displays the characteristic features of such systems. We consider
a two-dimensional lattice with randomly distributed blocked regions and map
the transport properties of the mixture to a random resistor network which
consists of resistors of conductance o, , o, » o, , and g, = 0, corresponding
to the normal conductivity along the internal interfaces and to the zero-
conductivity inside the insulating regions. To solve for the resulting con-
ductivity we map our randam resistor network to a random walk model, follow-
ing a mapping procedure which has been recently introduced by Bunde et al.
in the context of mixed conductors. In our random walk model, the jump rate
along the highly conducting interface is strongly enhanced and the sites along
the interface are lower in energy so that the interface becomes attractive.
We study this model by Monte Carlo simulations and find that the conductivity
is strongly increased at low concentrations of the insulating particlés.
while it drops down at their percolation threshold Pe- We discuss the concen-
tration dependence of the conductivity, in particular the position of the max-
imum and its behaviour at small concentrations and near Pes and relate it to
experiments. '

1 J.B. Wagner, Jr., Mat Res. Bull. 15, 1691 (1980)
2 A. Bunde, A. Coniglio, D. Hong, and H.E. Stanley, J. Phys. A, in press.
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Molécular Dynamics Simulation Studies of LL* Ion Conductors

by C R A Catlow and M I, Wolf, Department of Chemistry,

University College London, 20 Gordon Street, London t"ClH OAJ, UK

¥le present results of detailed M.D. simulation studies of two
it condﬁctlng materials - the layer structured superionic LL3N
and the spinel structured Lizngcl‘. The aim of the simulations,
which employ rigid ion, pair potential models, is to elucidate
the details of Li* migration mechaﬁism.' In both cases the
simulations reproduce the superionic properties of the
materials, and in the case of Lizﬂ, the cbserved anisotropy of
the conductivity is well reproduced, although the magnitudgs

of the calculated conductivities are greater than the
experimentally measurea values - a feature wﬁich we attribute
to the use of rigid ion potentials. Trajectory analysis of

the resu1t§ for both systems reveal a considerable variety of
complex migration mechanisms which in several cases involve

complex, concerted processes.
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CUMPUTER SIMULATION OF Na IN HEXAGONAL W,

J.H. Newton-Howes' and A.l.Cormack?
. cormack

‘Wolfson Unit for Solid State lonics, Imperial College, Lonion 3w7 26P, UK,
(Present Addreas: Department of Pnysics, Monash University,
Clayton, Victoria, Australia, 3168)

*Department of Cnemistry, University Coliege London WCIH JAJ, UK.

Although most investigations into fast cation condustors nave

centred on Li as the conducting species, given a suitable host structure,

" s0dium may prove to de an acceptable alternative. Some dttention has been

focussed on the nexagonal form of W0, as a possible electrode material
‘because of the large size of the tunnels in its structure, in addition to
its role in electrochromic devices.

In this presentation we report.a study of the behaviour of Na in
hexagonal wd,, using well established computer simulation techniques
whicn have previously been used in the investigatxon of some other fast
ion zonauctors.

e desgribe how our mode}. using previously derived interatomic
potentials for ReQ, structured materials, reproduéea'tne structure of
nexagonal'~H0,. From calculations on two sodium tungsten bronzes, .
Na,. (50, ana Na,. 241240,, as well as calculations on the benaviour of
1solated Na' cations in the hexagonal lattice, we snow that our model
preaxcts xncommensarate ordering behavxour (which has been seen in' the
potassium counterpart Kxwx0,) ‘and a compositionally dependeat diffusion
coer(tclen; for sodium transport.

Discrepancies between the experidehtél data and model predictions
will be considered in tne light of ~theoretical limitations ang
experimental constraints,

Particle Motion Through a Dynamically Disordered Medium: The Effects of

Correlation and Application to Polymer Solid Electrolytes

Caroline S. Harris, A. Nitzan, Mark A, Ratner, and D. F. Shriver

Department of Chemistry and Matecrtials Research Céantecr
Northwestern University, Evanaton, LL 60201

To study the diffusfon of small particles through a dynamically disordered
nmedium, a dynamtc bond percolation model has been developed. This dynamic bond
percolatfion model differs from the standard percolation theory, in that the
lattice ts no longer static but undergoes rearrangements which reassign the open
and closed bonds. Physically, these rearrangements cocrrespond to orientattonal
motions of the (polymer) host lattice,

An interesting feature of this model is that, even below the percolation
threshold, diffusive behavior can occur, as long as the renewal time tpen, the
time characteristic of the rearrangmeat of bonds, {s short compared to the
observatton time.

lonic conductivity in polymeric electrolytes is one of the systems for which .
this model ts useful. In these matertials, alkall wetal fons diffuse through a
medium (the polymer) which is undergoing dynamic aotion caused by configura-
tional motions of the polymer., Since polymer chain motione will affect several
ion binding sites simultansously or serially, the modsl is further elaborated to
account for correlations in the segmencal motions of the polywer host. The
renevwal of the bonds is chanscd from occurring randoaly to include siample corre-
lation effects,

Of principal concern in this study {s the effect that correlated renewals
have on the transport behavior of the model. Simulations were done on a 1-D
lattice and a di€fustion coefficient calculated. The values of the diffusion
coefficients from the two systems (with and without correlated renewal) are
studied and theilr behavior as a fgnctlon of the fraction of available bonds, f,
and the renewal time {3 compared.

for both correlaced and uncorrelated renewals, the systens were diffusive,
The diffusion coefficients, in both cases, incressed with increasing f and
decteasing Tpan, COTresponding to an increase {n the free volume, the config-
urational entropy, and the temperature of the polymer systeas. The diffustion
coefficients from the correlated systems wers always smaller than those from the
uncorrelated systeas, except for the limic € = 100Z.

The ratto of the diffusion coefficients for the correlated and uacorrelated
systems, respectively, was studied as a €unction of t e, and f. This ratio
€alls off to a constant value a8 tpe, 18 increased and reaches a ainimum value
at € = 50%. This behavior of the ratio as a function of f can be explained by
considering the diffusion of the bonds {n the lattice for the correlated case.



113

P8/AC-8

ELECTRICAL AND THERMODYNAMIC PROPERTIES OP
L12804-A92804 SOLID ELECTROLYTES

Q. G. LIU and W. L. Worrell
Department of Materials Science and Engineering Kl
University of Pennsylvania, Philadelphia, PA 19104

New solid-state electrochemical sensors using Lizso -

(1,2) 4

A92804 electrolytes have been developed recently for

‘measuring 802 and/or 50,4 in gas mixtures., The electrical

conductivities and thermodynamic properties of these solid
electrolytes are reported in this paper. '

An A. C. impedance technique has been used to measure the
electrical conductivities of several Lizso4—Agzso4 solid
electrolytes. Results indicate that the electrical conductivi-
ties of the Lizso4-Agst4 solid electtdlytes are much higher-1
than those for other sulfate electrolytes, i.e, 1.1 (ohm cm)
at 530°% foz_Lizso‘—(23 moli)Agzso4 electrolyte. The change in
conductivity with the gas composition has also been measured.
The independence of the electrical conductivity with the
502/503.concentration and galvanic cell measurements indicate
that the conduction is ionic,

The ghermodynamic properties of Lizso4-Agzso4 system have
been measured using galvanic cells. The activity of Agzso‘ in
the Li2504-AgZSO4 binary system has been measured at tempera-
tures between of 450 and 560°C. Using the Gibbs-Duhem equation
the activity of Lizso‘ and the Gibbs free energy of mixing for
the Lizso4-hgzso4 binary system have been calculated. Using our
galvanic results, the Lizso4-Agzso4 phase diagram has been
tevised slightly in the Agzso4 rich region,

Reference
(1) W, L. Worrell and Q. G. Liu, J. Electrocanal. Chem., 168 -

(1984) pp. 355-362
(2) Q. G. Liu and W, L. Worrell, Proc, Int. Meeting Chem.

" Sensors, Vol 17, Anal. Chem. Symp, Series, Elsevier, New
York, 1983, pp 332-337,
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EW FAST SOLID LITHIUM ION CONDUCTORS
T LOW AND INTERMEDIATE TEMPERATURES

B. Schoch, E. Hartmann, and W. Weppner
Max Planck Institute for Solid State Research

D~7000 Stuctgart-80, Germany

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

Since the presence of other cations than lithium resulcs
in an instability against reaction with elemental lithium in
the majority of cases, we have looked at multinary lichium
systems with several anionic species and lichium as the only
cation. Results will be presented for macterials based on the
ionic conductor Li S and lithium halides or oxide as
additional consctityent.

A few compounds have also been studied which belong to
the small group of materials for which, in contrast, the
lithium compound is less scable than the salt of che other
type of cations. These materials were mainly based on Lisﬂ.
Phase equilibria and electrical conductivity data will be"
presented. .

A third class of materials consists of solid addition
compounds of lithium halides and various organic materials
such as methanol. These materials show very high ionic
conductivity at ambient temperature. In addition, the
compounds have many advantages with regard to their
preparation, handling and application in solid ‘stace galvanic
cells.



-9¢

P10/AC-10

.INTBRCHANNEL CORRELATION OF MOBILE IONS IN HOLLANDITES

S. Suzuki, M. Tanaka, M. Ishigame*, T. Suemoto®, Y. Shibata*, Y. Onodar**
and Y. Fujiki** . N

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

*Ragearch Institute of Scxentxfxc Measurements, Tohoku University,
Sendai 980, Japan

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

Beyler et al. studied the conduction-ion arrangements in the Hollan-
dites, AjMgyTig ,Ojg (A=K; x=0.77 and A=Cs; x=0.67) by the rotating
crystal method of X-ray diffraction and obtained the following results:
1) There exists no interaction between the conduction ions which are
present in different conduction channels. 2) In the K-Hollandite, there
are four kinds of superlattices which have three-, four-, five- and six-
times cell dimansions in the c-direction of the fundamental cell. The
occupation probabilities. of these superlattices are 0.15, 0.37, 0.37 and
0.11, respectively. The displacement value of the potassium ions neigh-
bouring to the vacancies is 0.24S Cos where Cq is the lattice parameter
in the c-direction. 3) In the Cs-Hollandite, the displacement value of
the cesium ions neighbouring to the vacancies is 0.12 C4. .

We have reinvestigated the conduction-ion arrangements in the K-Hol~-
landite of x=0.82 and in the Cs-Hollandite of x=0.59 grown by Ishigame,
Suemoto and Shibata by the electron diffraction and high-resolution elec-
tron microscopy. The obtained results ares as follows. 1) For both Hol-~
landites, the conduction ions in a channel are correlated with those in
the neighbouring channel. That is, two vacancies in the adjacent two
channels occupy the second nearest positions or/and the third nearest
positions. The occupatxon probabilities of the former and the latter
positions are 0.7 and 0.3 in the K-Hollandite and 0.81 and 0.19 in the
Cs-Hollandite. Thig interchannel correlation becomes stronger as the
speciman temperature is decreased. However, both Hollandites did not-
trangform into the superlattice structures at the liquid hitrogen temper-
ature but stay in a kind of glassy state. 2) The superlattice cell di-
mension formed by the conduction ion arrangemerits is essentially of ona
kind. The dimensions are four- and three-times the fundamental cell for
K and Cs-Hollandites, respectively. The vacancy arrangements were direct-
ly cbserved by high-resolution electron microscopy. 3) Th-lallblacemnnt
value of the conduction ions neighbouring to the vacancies were evaluated
from the diffusely scattered intensities of electron diffraction by taking
account of the interchannel correlation. In the K-Hollandite, four kinds
of K-ions neighbouring to the vacanciaes can displace differently. The
displacement values were determined as 0.25 Cp, 0.20 Co, 0.18 Co and 0.10
Co at room temperature. In the Cs-Hollandite, three kinds of Cs ions are
displaced by the amounts of 0.17 Cos» 0.05 C5 and 0.04 C,. 4) In the spec-
imens which ware grown from specially pura row materials by Onoda and
Fujiki, we could observe the effect of ion arrangements in electron dif-
fraction patterns, but could not observe the vacancy arrangements in the
high-resolution electron microscopic images. This fact means that the
conduction ions in pure specimens keep the correlation described above and
move to the next equivalent position beyond the potential barrier in the
exposure time of photographs and that the ions in impure specimens may be
pinned and stopped by impurities.
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ALKALI ION DIFFUSION IN M'(Al1SiO4) COMPOUNDS WITH FRAMEWORKS
OF THE TRIDYMITE TOPOLOGY AND ITS VARIANTS.

M. Gregorkiewitz, Instituto de Fisico-Quimica Mxneral, csic,
Serrano 115 bis, 28006 Madrid, Spain.

Homoionic, crystalline tectosilicates with the general compo-
sition M'(AlSiO4) were prepared either by direct synthesis

or by ion exchange in fused nitrates, leading to a total of

8 samples representing 4 closely related framework topologies
(tridymite-nepheline, kaliophilite 01, hexagonal kaliophili-
te, Icmm; all of them belonging to the family described by
J.v.Smith, Amer.Min. 62 (1977) 703) and with Na, K or Cs in
the framework cavities or channels.

' Eleccrxcal.conductivitxes in the temperature range from 260°

to :1025°C were obtained from impedance measurements, using
pressed pellets of the powdered materials in an AC-bridge at
frequencies of 50-10° Hz. Additional information was obtai-
ned from kinetics of the ion exchange reactions at 270° to
390°C, some of which were carried out for different grain si-
zes of the same material in order to ascertain volume diffu-
sion. All samples were investigated by powder and/or single
crystal X-ray diffraction techniques for the control.of
structural changes during conductivity and diffusion expe:i-
ments.

The conduction is almost entirely ionic and is attributed to
a volume diffusion of alkali ions thrgugh the framework. Io-
nic c0nduct1vit1e2 & range from 5-107/ S/cm for Cs-Icmm at
800°C up to 7-107° and 1.5- 10-2 S/cm for Na-nepheline at 300°
and 800°C respeétivelyi correspondinq ;o diffusion coeffi-"
cients D between 2-10-10 and 5.10-6 /3. The activation
enthalpies of D-and &T lie in the ordez of 77-122 k3/mole.

The experimental results are 1nterpteted in tetms of structu-
ral parameters and lead to interesting new .conclusions about
the relationship between the alkali fon transport and cry-
stallochemical factors such as void fractxon, topology and-
conformacion of the framework.
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DYNAMICS OF THE LISICON SYSTEM FROM TLi NMR

M. Bose and A. Basu
Saha Institute of Nuclear Physics, Calcutta 700009, INDIA
D. Torgenson :
Department of Physics, Iowa State University, Iowa, USA

T, measurements have been performed at 40 Mc for polycrystalline
Lisicon Li;y Zn(GeQy)y and its Zn rich analogue (ZRA) {n the range 200-
666K. Ty values vary from secs to msecs. Assuming a BPP type
relaxation mechanism, the data was evaluated by fitting the Ty's to a
single diffusion minimum over the temperature interval wherein motional
effect occurs. For Lisicon and its ZRA, the activation energies (AE)
of 0.375eV/atam and 0.371eV/atam and diffusion attempt frequencies of
v €qual to 0.213 and 0.118 sec requlctl vely were obtained. The AE's
obtained from our line width studies' are still lower viz., 0.19 eV and
0.17eV respectively.. From single crystal studies, Chen Li Quan2 et al
reported several AE's corresponding to different phases for certain
temperature ranges viz. 298-353K (4E=0.58), 353-413K (AE=0.92), 353-
573K (aE=0.62), 573K(aE=0.36). The low values obtained fram NMR either
from the line width or T, measurements are not unexpected, as NMR
responds to local motion also, whereas conductivity is affected by long
range diffusion only.

Fourier transform spectra of both samples at 500K -revealed the
presence of an asymmetric central line with satellites. The derivative
of the central line showed low field structure and this in all
possibility arises from the inequivalent Li lattice sites present.
Chemical shift anisotropy may be another contributing factor. The
interesting point is, for Lisicon the first order quadropolar splitting
(44 = 8.5 KHz at 500K) vanishes at 666K but i3 clearly present (vQ=
20?3 KHz) in the ZRA. Conductivity studies indicate that Lisioon hasa
higher conductivity at higher .temperatures than its ZRA. The reverse
is true at lower temperatures, inspite of the larger number of mobile
L1 lons in Lisicon. The bigger Zn ion increases the bottle-neck size
at room temperatwre and hence the comparatively increased mobility of
the ZRA at low temperatures. Interestingly AE is not much different i{n
the two compounds. Thus the mobility becames the factor in determining
conductivity. In the ZRA, with the larger bottle-neck size the
mobility i{s not much temperature dependent, whereas inLisfcon it is
very much so. Thus at higher temperatures, where the Li becomes more
mobile (the ZRA is wnaffected), particularly after the phase transition
in Lisicon above 573K, the increased mobility averages oyt the
quadrupolar ocoupling, whereas the ZRA is unaffected. Li/Zi Rong” also
reported that in Lisicon the quadrupolar coupling of 39 Kc/s observed
at 329K is strongly temperature dependent. Ty at 295.5K is of the
order of 18.2 usec and 18.1 sec for Lisicon and ZRA respectively.
Finally the FID data of the two compounds at 666K differ significantly.
The ZRA shows many more wiggles than that of Lisicon. This needs
further investigation for a proper understanding.

1. D. Mazumdar et al., Material Research 18, 19, 1963
2. Chen Li Quan et al., Acta Physica Sinica 29, 661, 1980
3. LI Zi Rong et al. Acta Physica Sinica 30, 1388, 1981
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SOME Na,S0,-BASED FAST ION CONDUCTORS
K, SHAHI AND G.P.S. GOPALAN

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

With a veiw to develop new L1 and Na*<based fast fon conductors, a
number of lithium and sodium salts are being explored. Particular atteation is
being given to two sulphates, L1,50, and Na,S0,, as they both exhibit high
temperature phases which are fast ion conductors; the normal -+ fast ion phase
transition temperatures being T _=575% and 240°C respectively. The
stabilization of these phases at lower temperatures might thus bde expected to
result in highly conducting materials.

In this paper we report the results on Na;S0,-based aaterials, in
particular the four systems NaZSO,‘-Hz(SO,.h where M=La,Sm,Dy and In. These
systeme have been investigated by means of electrical coaductivity (o)
measurements, X-ray diffrsction (XRD) and differential thermal anslysis (DTA).

The conductivity vs composition curves exhibit maxisum around 2-3 molel
M2(804)3. The maximum enhancement in conductivity is obtained when H;La. the
enhancement being more than 1000 times at lower te_?erat_’liru _l(- 180 Co). For
example, Na;SO, + 2% La,(SO )% exhibits a o = 7.6x107° ohm = cm = at 180°C and
an activation energy (E )é)? .g V. I is may be compared with pure premelted
Na,50,: 0°(180°C)=6.9 x 1078 oha™' ca”l. and E =1.6eV (below T,).

For NaySO4+2% Iny(S0,)3 : o (180°C) = 3.3x1078 oha™!ca™ and E, =L.176v.
Na,S0,+2% Smy(50,)5: 0°(180°C)=5.5x10 %0ha ™ ca™! and E,=0.62eV.

it 1is ev}dont that the enhancement is aaximum when the dopaant is La"‘3 and
least for In*”. Also it is noted that the activation energy is lower when the
enhanceaent is larger, which is self consistent.

The NazSO,.-Inz(SOA)J system appears rather unstable., However the other
three systems indicate that the high temperature phase of Na;S0, (phase 1) can
be stabilized at room temperature, a result fouand consistent in the
conductivity measurements, and the DTA and XRD analyses.
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PHASE RELATIONSHIP AND ELECTRICAL CONDUCTIVITY OF
Liy, Ti,Ga,P,0,, AND Li, . Ti), Mg P,O,, SYSTEMS

Zu-xiang Lin. Hui-jun Yu, Shi-chun Li and Shun-bao Tian
Shanghai Instituic of Ceramics
Chincse Academy of Scicnces -
865 Chang-ning Road
Shanghai 200050
China

Phase relationship and clectrical conductivity of the systems  Liy, Ti,
(Ga,P;0), and Lij,,, Ti) Mg PO,, were studied.

The rcsulls obtainted by X-ray- analysis are as follows In the system lll :T'z
GaPo, a 8! rhombohedral solid solution extends 1o x = 06. The
superstiucture lines appeared at x = 04--06 can be indexed by a tripled
rhombohcdral unit cell. Sccond phase appeared from x = 0.7 and, at the same lime,
the rhombohedral phasc changcs gradually to monoclinic. In the system Lil_hTi}
Mg P;0,,, the range of the rhombohedral solid sol is rather narrow. The X-ray
ditfraction lines characteristic of the rhombohedral phase begins to split to lines of
momoclinic at a smaller value of x, accompanying with appearance of a fcw of very
weak lines of unknown phase. The cell constants of the rhombohedral solid solutions
increase with increasing x in both the systems.

Bulk conductivities of these systems measured by complex impedance method
are prcscnted Maximum conductivity occurs in both sytems. They are 3.4x10' and
5.3x10” S/cm at around 300°C and at x = 06 and x = 0. respectively.

The results obtained are discussed in view of size and polarizability of the
skcleton ions and ionicity of the M —O bonds. Comparisons between the sysiem Liy.
11y, I0,P,0,, and cxch of the two systems invesiigated here are given.
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TIME-OF-FLIGHT NEUTRON POWDER DIFFRACTION STUDY
OF NapZr,SiPy0;p AND NagZrpSinPO;,

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

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

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

Abatract

Neutron powder diffraction data were collected by the time-of-
flight technique at the Argonne Intense Pulsed Neutron Source. Two
dense, ceramic samples were used, NayZr SiP,0y, and Na,Zr,St POy 5, and
each was measured at room temperature ang at 572K. he ionic
conductivity was measured using an a.c. method on samples cut from the
same sintered pellets as had been used for the neutron diffraction
experiment. R :

The powder diffraction profiles were refined by the Rietveld .

method. After correction for spurious background (due to technical
difficulties), the results were self consistent between refinements of the
data collected in back reflection and for 26 =90°. Low values for the
structure factor residuals were obtained both for the rhombohedral (0.066
to 0.078) and the monoclinic. (0.048) phases. The maximum change in cell
constants upon heating from room temperature to 572K is 0.15A for
Na,Zr,SiP,0y5, and 0.08A for Na,Zr,Si,P0;,, when it goes through the phase
transition from space group C2/¢ 0%33;0. The ¢rystal structure of the
monoclinic phase has previously not been published. The distances between
anions and cations are reasonable, compared with the values expected from
the known effective ionic radii. Refinement of the occupancy factors was
constrained to the full theoretical content of the Na sites, based on
chemical analysis which confirmed the starting composition. The occupancy
faciors show only insignificant differences between room and high
temperatures for NajZr,SiP,0y,, the Na(1) position being essentially
completely occupied at257213. %he same is true for the high temperature
phase of Na3Zr2812PO, . In the low temperature monoclinic phase, the Na(3)
position, six coor‘flnated by oxygen atoms, seems to carry all the
vacancles, while the Na(2) and Na(1) positions appear to be fully occupied.

Relations between the structure and the ifonic conductivity of these
NASICON compositions will be discussed.
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NEUTRON DIFFRACTION STUDY OF THE DISTRIBUTION AND THERMAL MOTION OF SILVER
IONS IN ALPHA- AND BETA-Ag3ySI

J. J. Didisheint

, R K. Hc!!nuanz and B. J. Huenschl

lbepartment of Materials Science and Engineering, Massachusetts Institute of
Technology, Cambridge, Mass. 02139, U.S.A. and “Chemistry Department, Brook-
haven National Laboratory, Uptonm, Long Island, N.Y. 11973, U.S.A.

Fast-ion conducting Ag;SI, intermediate to Agl and AgyS, 1s of interest
in establishing the role of bonding and mobile ion concentration on the Ag
distribution and transport properties of these phases. Previous powder dif-
fraction studies and a single-crystal x-ray analysis had established the
existence of three phases: a (T >240°C), space group Im3dm, having a disordered
bce anion array and cations disordered among tetrahedral sites; B (-116°<T
< 240°C), space group Pmim, having an ordered CsCl-type anion array and
cations disordered in tetrahedral sites; and Y (T < -116°C), space group R3,
with cations ordered in a subset of available tetrahedral sites. The present
single-crystal neutron-diffraction study was undertaken to characterize the
Ag distribution more precisely, capitalizing upon the higher resolution
afforded by the lack of decrease of scattering length with angle and the fact
that, as opposed to x-ray daca, Fourier synthesis provides the probability
distribution for the cation nucleus, rather than a convolution of the proba-
biliey with a distribution of orbital electrons of comparable spatial extent.
The structures vere also examined as a function of tempersture for the first
time to permit distinction betwesn time-sveraged anharmonic thermsl vibration
and positional disorder.

The § phase vas examined at thuneuui of 23, 95, 168 and 232°% using
Be-monochromated thermal neutrons of 1.05099 A wavelangth at the High Flux
Beam Reactor at Brookhaven National Laboratory. {cg to six sets of
symmetry-equivalent reflections for sin8/A <0.78 A" were recorded to pro-
vide 72 independent intensities of which 61 to 55, depending upon temperature
vere > 0; internal agr in I ranged 3.7% to 1.9% for the individual
data sets. Refinement indicated partial positional disorder of S and I.
Models ex.=ined included anharmonic temperature for Ag ions and/or partial
occupancy of the octahedral site. The most successful model employed Ag

ions solely in s tetrahedral site coordinated by 25 and 21 and anisotropic
haracnic tewperature factors. The temperature factors ware found to vary
linearly with temperaturs. Final weighted residuals, &,,(Fz). including
unobserved reflections, ranged 3.9-5.92.

The anion-disordered a-phase was investigated at 323, 380, 442 and
475°C and 18 to 20 independent structure factors > O wers obtained from
averages of symmetry-equivalent intensities ranglng 26-37 in number, depend~
ing on temperature. Final weighted residuals Ry, (F4), including unobsaerved
reflections, vary between 3.3 and 4.5%. The Ag probability demsity is
highly delocalized compared to that in B, being elongated along [100] in a
fashion qualitatively similar to a-Ag2S. Significant differences relative
to the sulfide, however, are evidence for occupancy of a site at iz and
fine structure in the probability density. Rather than representing anhar-
monic effects, the latter features may be explesined to satisfaction in terms
of positional disorder of the Ag ions which depends on the local configura-
tion of S and I about the site.
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QUASI-ELASTIC AND INELASTIC NEUTRON SCATTERING STUDY OF
Nay Cr2(POq)3, Na 2r(PO4)3, Nag Mg Zr(POg) 3

6. wocazeau @, w. marg @, c. peas ®, A, pramon ©

(a) Labaratoire de Chimie-Physique du Solide,
Universite Paris XIII, 93430 Villetaneuse, France.

(b) Laboratoire de Chimie du Solide, Bordeaux I.

(c) Institut Laue Langevin, Grencble.

Polycrystalline sample of Naj Cra(PO4) 3 has been investigated on a
time of flight spectrameter IN6 at 30, 150, 300 and 400°C. Using incident
wave lengths of 5.1 A®* and 5.9 A* giving mean resolutions of 0.130 and
0.080 meV respectively. For comparison Na 2r; (POg)3 and Nag Mg Zr(PO4)iwere
invgggigaf.ed at 300°C with A=5.1 A® in a Q range comprised between 0.2 and
2 A, . :

The broad and strong quasi elastic signal (QES) observed for the
chromium compound  is  attributed to the spin fluctuations of Cr’* ions and
to Na~ motions. o : . BN

. The intensity and the fullwidth of the QES have been studied as
function of Q and of the temperature. The QES observed for (<1 A*~lis
believed to be associated to magnetic scattering while the QES cobserved for
Q1<a*! is likely due to Na jumps. The decrease of the width of the QES
when the T® is raised fram 150 to 400°C indicates that two jump regimes
occur. The interpretation of these results is in progress.

The inelastic spectra of these different campounds capare well
with IR and Raman data. A new and strong peak at about 10 an~ has been
evidenced for the chromium campound it has been assigned to Na, local
mode ; its intensity variations from 30 to 300°C have been related to the
population of this site.
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Na-K EXCHANGE OF THE NASICON-TYPE STRUCTURAL COMPOUNDS

Masayuki NACAI and Tadashi NISHINO

Musashi Institute of Technology, Tamazutsumi, Setagava-ku, Tokyo, JAPAN

Study on ion-exchange characteristics of ‘alkali fons is of importance to
understand conduction mechanism in alkali iog condugtors. From Na-K exchange
equilibrium, the activity coefficients of Na and K can be determined.

As activity coefficilents reflect the interaction between Na and K , we can
discuss the site occupancy and the alkali {on distribution on the basis of Na-K
exchange data. Activity coefficients preater than unity are usually associated
with repulsive interaction between unlike specles, while thosé less than unity
are usually assoclated with attractive interaction between unlike species.

In this study, ion-exchange characteristics of NaZr (Pok) (the end member
of a solid solution NaJZr PSi.0 2 known as a fast jonic conduc?or) soaked in
(Na,K)NO, melts was inveSGIgaEea. Usual solid state reaction and freeze drying
techniqué were employed to prepare a series of solid solutions having the
compositions of Nal_ K ZrZ(Poa) (0¥x%1), About 1§ of NaZr (POL) powders were
mixed with ca. 20g of the ni:ra?e. heated up to 380°C and ﬁept fgr 15 hours.
Subsequently, they were repeatedly washed with water, filtered and dried.
Compositional dependence of lattice parameters was used to estimate the quantity
of Na and K. As activation analysis was found to be effective to determine Na and
K contents in this series of samples, it was also employed for determination of
Na and K contents. ' .

It was possible to index the X-ray diffraction patterns for all the samples
having the compositions of Na, K Zr,(P0,), with space group R3c and hexagonal
lattice. In a series of the s$i§a“soxu:13n3, the lattice constant -along a axis
shrinks and that along c axis expands linearly with an increase of K content.

The change in lattice parameters was large enough to estimate Na and K contents
vith an error of #3%. It was also possible to index the X-ray diffraction patterns
for the fon-exchanged samples with space group R3c and hexagonal lattice.

The diffraction pattern for the powders soaked in KNO, melt at 380°C for 15 hours
was essentially the same as that treated at 380°C for”a few minutes. Consequently,
it is likely that the Na-K exchange would proceed rapidly and attains an
equilibrium state within a markedly short period of time. Moreover, the K content
in the exchanged samples determined by X<ray was confirmed bv activation analysis.

‘With respect to the distributfon coefficients of Na and K between the solid
and melt, the shape of the cyrve with convexity toward the solid indicates
preferable distribution of in the solid, suggesting that K would more tightly
bind in the lattice than Na . The equilibrium reaction is given by

Nat(s) + KFHE2 K (s) + N’ (D)

where (s) represents solids and*(l)'regresents melts. -The equilibrium constant

and activity coefficients of Na and K in the solids were calculated by graphical
integration, using the determined distribution coefficients in the solids and
liquids and the activity coefficients in the melts availagle in the literature.
The remarkable decrease in the+act1vi‘y coefficient of Na in the K rich region

of the solids suggests that Na and K would strongly interact and preferably
occupy their own sites.
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TERDIYNAMIC ATD ELECTROCHEMICAL INVESTIGARTICNS OF THE

NASIQON SOLID SOLUTION SYSTEM

Joachim Maier and Udo Warhus

tax-Planck-Institut £ir Festkbrperforschung
Heisenbergscx. 1,0-7000 Stuttgart 80,W.Garmany

Te NASICON solid soluticn system is expected to offer good prospects

for a highly ccnductive and a pretty cheap solid sodium conductor which

~av -2 used as an electrolyte for the sodiur-sulfur cell.It has been

often investigated as far as preparation conditions and conductance )
properties are concermed.But althougn it is extremely inportant to investi~
cate the therrodyramic stability with respect to the end members and

with raspect <o possible reactions with Na and S,reliable thermodynamic
data are lacking in the litevatwre.

MASIOON camzesiticns in the binary svstem of Hong (1) as well as in
the termary solid soluticn system,which has been recently proposed (2)
have been preparsd as single phase materials (shown by X-ray,micrcscopic
and IR measurerments,IC® analysis) .long time sintering tests allow a
conserative estirate of the thermal stability of this comositions.

In order to cbtain exact data the e.m.f. of formation cells with the

gverzll reaction
x Na, @y +Z 4, A= WSION + x @,

has been recoréed as a function of terperature.Thed, mean the product
phases coexisting with NASICIN, if differential amounts of Na,0 are
removed. The (0, partial rressure has been fixed by both a C3(D,/Ca0
buffer system afid by cas mixtures.Thus,the enthalpy and the em'.%opy of
. reacticn are cbtained.

Indapencently DSC measu-srents are used for elucidating Cp-,H- and
S-valuas.Different theoretical procedures for estimating the data are
includad in the calculaticn process and compared with the experirental
results.

The results ccnecerrning the solid solution system can be summarized
by a thermodynamic mixing model.Referring to the thermodynamic stability
agairst Na and S5 the Gitts energies of pessible degradation processes
can be given and can be cctpared to kinetic investigaticns.

References
1.H.Y.-P.Hong,Mat.Res.Bull. 13,173, (1976)
2.H.Kohler,H.Schulz,0.Melnikov,Mat.Res.Bull, 18,1143, (1983)

P20/NA-6

NASICON : Amorphous to crystalline compounds

J.P. BOILOT, Ph. COLOMBAN
Groupe de Chimie du Solide - Laboratoire de Physique de la Matidre Condensée
Ecole Polytechnique - 91128 Palaiseau Cedex (FRANCE)
G. COLLIN .
Laboratoire de Physigue des Solides
Université Paris-Sud, BAt 510 - 91405 Orsay (FRANCE)

NASICON compounds(khl,x,.y&z.ysixl’ 3-x012 xMV2, 0<y<l) and analog ones (NayM;
(PO, ), M=Sc,Fe,Cr) belong to the best fast sodium jon conductors. The crystal-
line framework is constituted by isolated $i0,/PQ, tetrahedra with octa-
hedral filled cavities. Sodium ions are distributed on two interstitial type
sites generally noted Na(l) and Na(2). According previous studies, there

are, at least, three fundamental problems for these compounds : structural
transitions, stoichiometry and conduction pathways. -

In this paper, we show that these problems are related to the great
ability for NASICON compositions to give amorphous compounds.
i) structural trangitions are genarally observed above the room temperature.
The order of these transitions and assoctated thermal effects are depending
on the fabrication process of NASICON compounds.
Concerning Zr-compounds, the sol-gel method allows to prepare homogeneous
well-densified ceramics and glasses of NASICON type at a temperature selected
between 600 and 1250°C. In this temperature range the NASICON structure changes
from an amorphous state at 600°C into a monoclinic structure above 1100°C
passing by different local ordering with a rhombohedral average symmetry.
Concerning single crystals of NASICON analog (Na,Sc2(PO,)3):
-when prepared quickly at high temperature (crystal from melt Tn1600°C)
a monoclinic modification is found with a strict order of vacancies and Na
ions at least at low temperature {(filled Na (1) site). This g-phase presents
two sharp phase transition accompanied by changes in the lattice symmetry
and parameters (monocliniosrhombohedral), ionic distribution and consequently
transport properties. - when prepared by crystallization from the powder
{ 1470°C-2 days) a rhombohedral modification is found. This g-phase corresponds
roughly to the intermediate temperature phase of the g type - (partially vacant
Na(l) site) and quasi long range ordered 2a-2a-c trigonal superstructure.
This superstructure corresponds to the ordering of a filled Na(2) triplet
every three planes. This g-phase also presents two phase transitions but
shifted towards low temperature with respect to the gphase.
-~ when prepared from flux (non polluting Na phosphate -1100°C-4 days) another
rhombohedral modification is observed. This y-phase is close to the high
terperature modification of the a and 8 types : large amount of vacancies
on Na (1) site and short range order in a 2a-2a-c trigonal superstructure.
In this y -phase one observes a continuous transfer from Na(i) into Na(2)
sites.
it) Zr deficient compositions only exhibit slight changes of tonic conductivi-
ty in comparigson with the stoichiometric ona.
NASICON compounds can be prepared as non crystalline solids (gels-glasses),
at low temperatures by chemical polymerization from metal or non metal alkoxi-
des hydrolysis. Moreover many compositions besides the NASICON one exhibit,

"in an amorphous state, a high ionic conductivity, similar to the one of NASI-

CON type cristalline compounds.

ii1) There are two possible conduction pathways in the NASICON type structure
Jumping between Na(2) positions and jumping from Na(2) to Na(1l) to Na(2).

In NASICON compounds, the sodium ion distribution and the activation energy
of the conductivity are dependent on the thermal history. This suggests that
these two types of mechanism can exist in these compounds.
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FREQUENCY-DEPENDENT CONOUCTIVITY OF NAGICOMN SOLID CLECTROLYTES
IN TRE MICROWAVE RANGE

Department of mt.ri.;..l S5cience and Engineering

and
M. L. Brodwin .
Department of Llectrical tngineering and Computer Science
Northuestern University
tvanston, Illinois®60201, USA

ARatract

Complex permittivity of dense. ceramic NASICON solid electrolytes
(N8) 420251 ,Py_,0;1 with n=]l and w=2) has been measuted at microwave frequen-
cies ranging from 0.3 to 37.0 G2 over the temperature range 20 to 400°C. A
new measurement technique, which elisinates systematic errors associated with

the loss of contact between the walls of rectangular waveguide and the conduc-

tive specimen during thermal cycling, has been developed and used at frequen-’

cies between 9.0 and 37.0 GBz. In the freguency range 0.3 to 7.0 Giz neasure-
nents were made in coaxisl line using the variable termination method, but
temperaturs had to be limited to below 100°C by the contact problems.

Low fr Yy complex { d data were analyzed in terms of a general-

ized equivalent circuit and compared with the aicrowave frequency results.

rr y d 4 of ductivity at different temperatures. and the appar-

ent activation energies at different freguenciss were relatad to the mechaniss

of ionic transport. In case of the ¥*2 RASICON, effects of the structural

phase ¢ on the fr 4 4 4 ivity were observed. By con-

trast. no pronounced effects of tempersture on fr i 4 of d

tivity was observed for the mel NASICON. which exhibits only moderate onic
conduction. Comparison of t_no results fros the two compounds with 'uuq
framework structure but different jonic conductivities allows one to isolate
characteristic features of permittivity which are sssoctated with fast jonic

transport.

p22/G-8

P 0. EASED VITREQUE I:LEC'I'ROLYTES31 .
IDENTIFICAT%ON OF THE STRUCTURAL UNITS BY “'P NMR-MAS

: Mz2rco Villa
Dipartimentc dy Figica "A Volta" e Gruepc Naiicnale di Strutturz delle
Materia de} C. N R . .Via Bassy 6. 27100 Pavia. Itsly

. Gaetanc Chiodelli
Centro 41 Stutic per la Termodinamica ¢d Elertrochimica dei Sistem:
Selini Fusi e Sclidi del € N R.. cso Dipartimento dr Chimice Fisice
Viale Taramelli 16 - 27100 Pavis. [taly

Phosphate f2ite contain tetrahedrel PO, unite which may differ in their nominal
charge or. if one prefers. in the number cof orygens that are shared with other
PO, umite. This werk presents the first resulte cf an NMFK investigation
showing that the “°“P resonance, cb=erved with the Megqic Angle Spinning {MASY
technique. often provides an unzmbigudus and stﬁight(orwud identification of
these units in solid samples The trece cf the P chemical shift tenscr in PO
unite assumes values whizh ere spread over a 100 ppm interval. This fact as
likelv tc meke the “° P NMR-MAS techniqus the most powsarful tool fer
itnvestigzting the etructural chemistry of phosphates.

This peper analyzes the “P NMR-MAS spectrz of glesses of the system

MX'HZG'B 1] PZOS \M¥X=Agl or LiCl). The major conclusions of the work are the
{oll%winq-

- the discrder of glesses i= partly responsible for spreading the resonance
of a unit over & ~10 ppm interval. However. deconvolution .of signals.
{rem different unite is rether strzightforward and the €ractions of the .
various units can be accurstely determined in mest cases - .

- reletively smell changes in compositicn, such as SQe substitution of ~10%
of P fJS with B 03. cen substantially change the " P zpectrz  These
m:m;xcnxons u;e rejated to the way the negative charge is distributed :n
the borophc=phate glagz network

- r:theﬁ unexpectedly. the addition of silver icdide ceuses the appearence cf
new ~"P peaks and the diszppearence of others This meens that Agl
. acts as a network modifier in the borophosphate glesses while 1t .
apparently causes minor mcdifications ot the lecel crder in the borate

glasses

- nuslesticn of orthcphosphats pheses iz dstected by S NMR in samples
with compositions near the boundary of the gless ferming region
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. IN-SITU DETERMINATION OF THE KINETICS OF REACTION
BETWEEN LITHIUM AND FAST ION CONDUCTING LITHIUM BORATE GLASSES
BY -

MICHEL W. BARSOUM and HARRY L. TULLER
DEPARTMENT OF MATERIALS SCIENCE AND ENGINEERING
MASSACHUSSETS INSTITUTE OF TECHNOLOGY
CAMBRIDGE, MASS. 02139

ABSTRACT

A novel electrochemical method, based on coloumetric titration in
the double eletrochemical cell Al-LiAl/Glass/Al-LiAl, for the in situ
determination of the chemical stability domains of solid electrolytes
was developed. This technique was used to determine, for the first
time, the stability range and kinetics of reaction of fast Li-ion
conducting glasses with Li. The glasses used were Li-borate and Li-
chloroborates. The chloroborate glasses were found to react with Li at
very low activities and form a crystalline reaction layer of 3Li 03203.
The chemical %erusl vity of Li in the reaction layer was t’oung to te
about 5 x 10~ 'Vcm/sec at 380°C with an activation energy of about 0.7
ev. The power of the method in elucidating the nature and diffusivity
of the rate limiting species (i.e. ionic or electronic) in the reaction
layers will be discussed in detail.
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DIVALENT CUNDUCTION IN Fbla-FbO-EBE20s GLASSES.

F.M. Schleitweiler and W.EBE. Johnson
bepar tment of Metallurgical Engineering
The Omio State Un:iversity. Columbus,O0H 43210

Hiat: 1eric conauvctivity glassec are attractive mzteriale
for applicstian as swli1d state electrolytes in electrochemical
cells. Tne atility to easily handle the amarphous mater:als, a
lowered sensitivity to compositional fluctuations, and ilack of
prefeirred direction of conduction provides advantages over
conventional sclid electrolyte materials.

The ionic conductivities of divalent ions in superionic

glasses hac not been extensively investigated. In this =study
the Fb*® conduction 1n a series of Fblz-FbO-Bz03 glasses is
evaluated. Conventional melting tehniques are employed.

Samples are prepared by slicing wafers of the glass formed after
quenching from the melt and <subsequently sputtering qold
electrodes. The complex impedance has been measured with an a.c.
4-terminal pair technique at frequencies of SHz to 13MHz over a
temperature range of 25-50u C. An IEM personal computer weas
vweed for dete agursition. Activation energies for the lead
divalent species will be reported.

Fresent studiec are oriented toward further enhancing the
conductivity a: well as understanding the mechanisme and
relative importance of divalent lead 100 transport 1n these
amor plious materials.

P25/G-11

THERMOELECTRIC POWER MEASUREMENTS OF SILVER-CONTAINING GLASSES
P. Bean and M, Tomozawa
Materials Engineering Department
Rensselaer Polytechnic Institute
Troy, NY 12180 USA

Thermoelectric power measurements were made on silver borate glass
(30 Ag0-70B703), "mixed-alkali” silver-sodium borate glass (24Agy0-
6Naz0-70B,03) and silver borate glass containing silver iodide (40Agl-
30Ag,0-30B303). The last glass is known te be a superionic conducting
glass. These measurements were made using steady-state thermal gradients
across the glass specimens with silver electrodes at temperatures between
75 gnd 225°C in air. The heat of transport of the conducting species .
(Ag for these glasses) was determined from the thermoelectric power data.

1t was found for glasses without silver iodide that thermoelectric
power was independent of temperature and that the heat of transport was
approximately zero. On the other hand, for the glass with silver fodide
thermoelectric power increased with increasing temperature and the heat
of trangport was 3.5 kcal/mole. This value is nearly equal to the acti-
vation energy of d.c. conduction.

It has been suggested that the heat of transport is equal to the
energy of migration minus the energy of vacancy formation. It is con-
cluded from the present measurement that the conduction mode of silver
ions in both gilver-borate glass and silver-sodium-borate glass is similar
to the vacancy mechanism and no difference in conduction mechanisms exists
between the single and the "mixed-alkali” glasses. On the other hand,
the conduction mode of the silver iodide-containing glass is similar to
the interstitial mechanism.
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lonic Conductivity in Glasses: A Monte Carlo Study of

Ordered and Disordered One-Dimensional Models

A. Pechenik,* D. H. Whitmore, M. A. Ratner, S. Susman™*
Departments of Materials Science and Engilneering
and Chemistry and Materials Research Center,

Northwestern University, Evanston, [L 61201

B-eucryptite (LL130A1703.25102) {3 an interesting fast Lonic conductor exhib-
iting highly anisotroplc {onic conductivity. The material crystallizes 1in space
group P6,22, The .conductivity along the c axis is 103 higher than along the a
axis. This effect arises because L1 lons are located in Eramework channels
running parallel to the ¢ axits. The channels are defined by alternating Si04
and Al0, tetrshedra. Thus the motion of Li fons can be modeled as hopping of
interacting particles on a one-dimensional lattice with two types of alternating
inequivalent sites: (1) a deep potential well near the Al and (2) a shallow
well near Si. :

This matecrial can also be prepared as a glass. 1In a companion paper at this
Conference we report on an Lavestigation of {onic conductivity and structure of
LiAl1S104 glass using complex tmpedance, IR and Raman spectroscopy. We found
that the IR and Raman spectra of the glass can be easily understood on the basis
of the Continuous Random Network (CRN) of AlO, and S{0, tetrahedra connected by
thelr vertices, but otherwise distributed in a random fashion. According to the
charge aeutrality requirement, Li fons are situated in the neighborhood of AlQ,
tecrahedra and can hop from one such site to another via a site near 510,.

The proposed mechanism of lonic conductivity {n glassy S—eucryptite has been
tegted using a MC simulation technique. In this study only the effect of the
S$i-Al disorder has been considered. Two one-diaensional lattices have been
fnvestigated: (a) an ordered array of deep and shallow potential wells and (b)
a disordered array of the same two types of potential wells. Ionic conductivity
13 simulated using a Monte-Carlo procedure in the usual way [1]. We calculate
1n oT vs, L/T and oT vs. o (p = the fon occupational number on the lattice)
plots. We observe an interesting influence of Si-Al disocder on acttvation
energy measured from ln ¢T vs |/T plot. The activation energy for the disordered
arrangement of Si-Al lons ts lower than for the ordered one., This result s in
agreement with the experimentally-observed increase in activation energy i{n
golog from glasey to crystalline g-eucryptite.

We also discuss effects of lon-ion correlations in one-dimensional systems
and give a siaple physical interpretation of the charge correlatioa factor, f..

{1) G. E. Murch and R. J. Thorn, Phil. Mag. 35 (1977) 493,

*Dow Chemtcal Corp., Mtdland, MI 48640
'Argonna Natfonal Labs., Argoanne, IL 60439
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"Lonic Conduction in Glasses:

a New Look at the Weak Electrolyte Theory"

James A. Bruce, Malcolm D. Ingram, Margaret A. MacKenzie

Department of Chemistry, University of Aberdeen, Aberdeen, Scotland.

(¢

According to the weak electrolyte theofy. ! the strong compotxc}onal
dependence of ionic conductivity in Na,0 -Sxog‘glnfnel. o ala,. o) , is

related to changes in the concentra:iog of mo 113.1on| rafher 2 . .
than to changes in ionic mobility. We have examxngd a highly cgnducz;ng’sodxu:
borosilicate glass (4Na 0.5203.Ssi02)$2) using the 1aqvalent dogtng':echnxquo [
Moynihan and Lesikat.(3ﬂ The concentration of mobile ions (defects)
at 150°C is actuslly le¢sg than that of an aluminosilicste glass of much lower
conductivity. :

The weak electrolyte theory therefore will have to_bc‘nodified‘to‘:nko
account of changes both in ionic mobilities and in the ionic dissociation
equilibria. ’

(1) D. Ravaine and J.L. Souquet, Phys. Chem. Glasses, 18 (l9z7) 27.
(2) C.C. Hunter and M.D. Ingram, Solid State Ionics, 14 (1984) 31.

(3) C.T. Moynihan and A.V. Lesikar, J. Am, Ceram. Soc., 64 (l9§l) 40.



9%

P28/G-14 Pl/TH-15_

STUDIES ON AgI—A94P207 SUPERIONIC CONDUCTING ’ . :?S%CAL STUDY OF THE INFLUENCE OF ION-ION INTERACTION ON INTERCALATION
GLASS SYSTEM. ’ by : F. DALARD, D. DEROO, D. PEDONE

. . Laboratoire d'Energétique Electrochimique LA 265 - Do ‘Sitalra
.Radhakrishna : q Mmalne hiversitalr:
K.A.Muruge:;:worthl g?dpiygics_ BP 75 - 38402 - Saint Martin d'Héres - France

Indian Institute of Technology .~ ceceeeeceaee
Madras 600 036. INDIA.
The influence of ion-ion interaction has been studied by numerical simulaticn
with a constant current command and a linear sweep voltage. This study 1s

(AgI) ,{(Ag,;P,0,) (where x ranging from zero and based on Armand‘s Model with repulsive interaction (by)
five) solié el c%rglgié systems were prepared in the form : .
of glass, by quenching the molten mixtures of the compounds Uyt = Bt + RT In (I!—v-) + by
of the appropriate composition in liquid Nitrogen. Earlier ™ _ ‘
the compounds were taken in thin waled evacuated glass e following results has been obtained :
ampoules. The final glassy compounds were well ground into 1 - Galvanostatic study
fine powder and stored in dark. The glassy nature of the ] _ . )
samples were confirmed by the X-ray diffraction. The - The depth of discharge increase when the intercalation COUSTalit b
conductivity studies of the glasses were carried out at . increase. A decrease of voltage appears simultaneously. The interca-
1 KHz on pellets having the electrodes of the mixtures of lation is easier.
electrolyte and silver powder, 2:1 by weight,.in the temp- - The diffusion coefficient obtained with Atlung's curves is greater
erature range 300 K to 365 K. The contact resistances were than without interactions. This results explain the difference between
evaluated by measuring the resistances at 1KHz for the RMN and Electrochemical determination.

pellets of different thicknesses. The glass with the compo-

sition 4AgI-Aq4Pﬁo7 ‘is found to have the maximum conducti- 2 - Voltammetric study
e

vity among all the glasses of the system and it is about . ~ An increase of b provoke a decrease of the peak potential and the
one order higher than that of the polycrystalline sample difference between cathodic and anodic peak increase too like in
of the same composition. It is also seen from the cond\lziti- litterature data for Li TiS,.

vity values of all the glasses,and reported polycrysta ine _ : . . L
conductivity values, the conductivity of any glass is higher - gssixswemm"m has been observed with a decrease of kinetics
than that of the polycrystalline sample of the same compo- N

sition at room temperature.The activation energies of all ’ - The study of the reversibility of interfacial process has shcwn .
the above glasses were evaluated from the (logoT vs 1000/1‘) great dependance of the curves with surface and deep irteracticns.
curve. The activation energy for the glass of the composi- We have successively examined the intercalation material :

tion 4AgI-Agépzo7 was found to be winimum of all the other _ without interactions

glasses of tRe“system, but higher than the corresponcing .

polycrystalline sample. . : . - with null interactions at the interface materia!/zl:ctro-
When the samples were annealed at 90°C, - the conducti- - ' lyte

vity was found to decrease gradually with time and reaching

. h 2 with same intéractions at the interf: i  ae
a constant values after some time. The final value of the . ¢ interface wd in the acpth

R of the material
conductivity is less than that of the polycrystalline sample uterid ’ .

of the same composition. The electronic conductivity of the - with different inmractinns at the intertace 4 it the
samples were measured by Wagner's technique. The glass of depth of the material
the composition 4AgI-Ag,.P,0, was found to have minimum If the interfacial interactions increase the peak current decrsase
electronic conductivity aﬁd it increased with the deviation tut the difference between anodic and cathodic peak potential
in the composition. decrease. .

A solid state cell of the structure (Ag+electrolyte)/ . . :
Electrolyte/(C,I,,Electrolyte_ have been constructed and :rl‘: ﬂﬁz;:z\nts has been discussed in terms of energy share at

the discharge chiracteristics” investigated.

<
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ON DIFFUSION HINDERED BY STICKS, SITE PERCOLATION, AND THE MIXED ALKALI EFFECT

A. Bunde*®, H. Harder®, and W. Dieterich®

*rakultit fiir Physik, Universitdt Konstanz, Konstanz, W.-Germany

*Center for Polymer Studies and Department of Physics, Boston University,
Boston, USA

By varying the Na/K concentration in NaxK - B-alumina the jonic con-

ductivity shows a strong minimum, which become: ;ore pronounced when the
temperature is lowered 1. This effect is called Mixed-Alkali-Effect (MAE)

and appears also in related Alkali-g-alumina mixtures 1 and in glasses with
low dimensional conducting paths. Recently attention has been called to the
possibility that there exists an effective attractive interaction between
different Alkali ions which may cause the ions to form clusters thus leading
to a pronounced minimum in the ionic conductivity 2. In this work we consider
the extreme case of a strong effective attractive interaction, which causes
the mobile ions of a different type to form immobile sticks. The current is
only carried by the excess ions of one type. Using Monte Carlo simulations

‘we investigate how the conductivity ¢ is influenced by the presence of the

sticks. To this end, we consider a square lattice with different concentrat-

"ions of sticks, perform a cluster analysis, and determine numericai1y the

threshold concentration pés) » where the sticks start forming an infinite
cluster and the -threshold concentration péf) » where the free lattice sites
stop forming an infinite network. We determine o for small stick concentrat-
ions and around péf) whére it drops down and compare the results with the
experimental situation.

1. G.®. Chandrasekhar, L.M. Foster, Solid State Commun. 27 (1978) 269-273
J.A. Bruce, M.D. Ingram, Solid State lonics 9 & 10 (1983) 717-724

2 A. Suzuki, H. Sato, and R. Kikuchi, Phys. Rev. B 29, (1984) 3550-3566
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Strong Correlatfon Effects on lonic Motion In Framework Solid Electrolytes:

Computer Simulation of Interacting Particles in Periodic Potentials

Y. Boughaleb and M. A. Ratner

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

The diffusion of Brownian particles in a periodic medium is a situation that
can be found in several physical problems. If no interparticle finteractions are
included, the model is well understood in all .ranges of the values of the '
characteristic parameters of the problem such as the friction y. In real
systems, at finite particle density, the single particle model must be extended
to fnclude interactions between particles.

In the last few yzars winy kicds of interaction potential have been studied.
However, the explicit rezalta have been found only for certain limiting cases
such as low potential barriers and high friction. Our purpose i{s té extend the
study of the Lnteracting particles to the low friction lfmit by using Langevin
dynamic simulation. - We find that for long range interactton, the general
behavior of the dynamic properties is essentially the same, independeat of the -
coupling of the mobile particles to the rigid lattice.

In this paper, we restrict ourselves to hard-core interaction
bin
V(x) = v(;1 n>2

and soft-core interaction (n=2) simtlar to those used in references {1} and [2].

We have calculated the conductivity o(w) and the pair correlation function
for different particle concentration and values of the interaction diamater, b.

For heavily damped particles, we found good agreement with the analytical
results of references [2],[3]. 1In the low friction limit and for small values
of the tateraction diameter compared to the lattice spacing, the change of the
shape of the conductivity terms indicate that the forward scattering between
mobile particles dominates the bounce back effect. In this limit, then, the
“caterplllar” mechanism occurs freely, and the low-frequency slope of the
microwave conductivity, which must be positive for any hopping model, may become
negative in certain cases.

{1] A. R, Bishop, H.Vbieterlch, and I. Peschel, Z. Physik B33, 187 (1979).
{2] A. Bunde and W. Dieterich, Solid State Communicatoa, 21. 229 (1982)
{3] H. D. Vollmer, Z. Phyasik B33, 103 (1979).
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*
FRACTAL DIMENSIONS OF IONIC TRAILS AND ISOSETS IN SUPERIONIC CONDUCTORS

1 Ebbsil, The Studsvik Science Research Laboratory, 5-611 82 Nykdping, Sweden

P Vashishta and RK Kalia, Argonne National Laboratory, Argonne, IL 60439
SW de Leeuw, Department of Physics and Astronomy, Michigan State University,
East Lansing, MI 48824

Although the fons of superionic conductors obey well defined equations of
moction the rapidly changing environment of each diffusing ion results in its

following a trajectory that, to the microscopic observer, appears as a random

walk in space - the ohenomenon of Brownian motion. In the world of fractals,
the Brownian motion in fluids finds widespread applications ranging from
studies of coastlines to the occurence of errors {n communication systems.
Surprisingly enough. the fractal nature of Brownian motion is one of the
least understood aspects of fluids as well as superionic conductors: theore-

tical and computer simulation studies have stuck to the conventional approach
of characterizing the single particle motion by the constant of self-diffusion,

However. it has been emphasized recently that the fractal dimensionality of
Brownian motion is also a useful characterization of single-particle motion.

The fractal behavior of Brownian motion has two aspects. one which is associ-
ated with the ijonic trajectories and the other with Brownian zerosets . In an
ionic conductor the length of an i?nﬁc trajectory, L(¢), measured in units of

step distance, g, scales as L{g)oct where D is the fractal dimension of an

ionic trajectorv. The other fractal aspect of Brownian motion deals with iso-

sets of coordinates of ions, x{(t),y(t) or z(t). called Brown functions. The
isosets consists of instants of time t=s at which a Brown function becomes a
constant. The socalled Brownlan isosets are self-similar in that the parts
and the whole reduced by similarity have identical ‘distributions. Associated
with the gaps between successive values of s is a probability distribution,
Pr(G»g), for findine a gap of duration, G, greater than a certain value g,

which scales as 3-5 where B is the fractal dimension of the Brownian isoset.

Fractal behavior is observed in the molecular dynamics simulation of fonic

"motion in superionic and molten Ag.S. We obtain D=2 and B=1/2 in agreement

with Mandelbrot's predictions. The self similarity in the ionic trajectorv
and Brownian isosets as a function of the length of the ionic trajectories
and temperature of the system will also be discussed.

1Handelbrot JB, The Fractal Geometry of Nature(Freeman, San Francisco,1982)

—e

*
This work supported by the U.S. Department of Energy
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NETWORK ANALOGUE FOR ONE-DIMENSIONAL SOLID IONIC CONDUCTORS.

By G. Roth and H. BShm, Institut fir Mineralogie der Universi-
tc MUnster. D-4400 Minster, Corrensstr. 24.

Impedance plots from single crystals of solid state ionic con-
ductors often exhibit features thch cannot be interpreted by
standard concepts. -

The coomon method of representing the electrical properties of
a sample by an equivalent cifcuit which comprises a voltage
generator, an ohmic resistor and two capucitorl. is obviously
not adequatc for the majority of solid stace ionic conductors.

In many cases boundary effects are responsible for the devi-
ation from the expected behaviour.

The objective of the present investigation is to outline the
bulk effects of a single crystal which can be responsible for
the observed anomalies in the impedance plots. .

Based on a classical "hopping-model” the jumps of overdamped
charged particles between discrete positions asre described by
a system of coupled linear differential equations of first
order (master equation).

The analogue of this systen of differential equations il an
isomorphic system of equations describing the currents in an
electrical network of voltasge genarators, ohsic rc.intoru and
capacitors.

The topology of this network is correlated to that one of tho
jump diffusion process in the crystal space.

One-dimensional single particle models can be represented as
simple "ladder netwvorks", whereas one-dimensional multi-par-~
ticle models lead to branched networks.

The values of the network components can be determined from
the static properties of the model (e.g. site occupancies in
field-free equilibrium, potential barrier heights etc.).

There is an unambiguous correlstion between network components
and microphysical processes in the crystal:

The potential barriers correspond to the resistors, the poten-
tial wminima to the cspscitors and the voltage generators
account for the potential change induced by the external
eleceric field. :

The proposed concept is applied to single- as well as multi-
particle problens.

The results of the theoretical investigations of such networks
atre described and they are compared to experimental data.

In addition, the dependence of the impedance on various para-
meters of the model (e.g. concentration of mobile ions, inter-
action energy, potential distribution along the diffusion path
etc.) is discussed.
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Percolation Efficiency and Mixed Alkali Effect

1L Sato, K. Wada®, and A. Suzuki
School of Materials Engineering, Purdue University,
West Lafayette, IN 47007

Earlier, we presented a theoretical model for the mixed alkali eflect in glasses and 3
aluminas in terms of the percolation efficiency based on the Path Probability method
(PPM) of irreversible statistical mechanics’?. We present an improved treatment of
the percolation efficiency which gives far better agreements with expermental observa-
tions. We have shown that the decrease in f; (the physical correlation factor or the per-
colation efficiency), but not in the number or the mobility of the conduction ions, upon
the addition of second species is the major cause of the mixed alkali effect.? Because
represents the efficiency of motion of conduction ions for long distances, it is also shown
that f; eventually approaches unity and mixed alkali effect practically disappears in the
high frequency limit. This agrees with expermental observations. However, the results
of calculation by the original formalism of the PPM have some undesirable features.

The decrease in [} is caused by the correlation of two species of conduction ions through

their mutual interactions. In the original treatment, the decrease in f; only occurs by
the development of the long range order in the distribution of two kinds of ions and the
decrease is limited to a narrow composition range. These undesirable features have
been found to be due to an inadequate averaging method utilized in the original PPM.
In dealing with transport phenomena, the introduction of the instantaneous distribution
conversion process and the time conversion process to the original PPM has been found
to be necessary. The result of the introduction of these two conversion processes shows
that even a minor amount of fluctuation in the distribution is enough to suppress f; and
hence in systems with low connective diffusion paths such as in glasses and S-aluminas,
the decrease in fj occurs in a wide composition range. The result of calculation also
agrees well with the Monte Carlo simulation method.

1. H. Sato, A. Suzuki and R. Kikucbi, Solid State lonics 8-10 725 (1083).
2. A. Suzuki, H. Sato and R. Kikuchi, Phys. Rev. B29 3550 (1984).

*Present address: Physics Department, Faculty of Scieace, Hokkaido University, Sap-
poro, Japan. :
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DEBYE-HUCKEL-TYPE RELAXATION PROCESSES IN SOLID 10NIC CONDUCTORS: THE MODEL

K. FUNKE and 1. RIESS *

Institut fiir Physikalische Chemie und Elektrochemie der Universitiit
Hannover, Callinstr. 3 - 3A, D-3000 Hannover, Federal Republic of Germany

* On sabbatical leave from the Technion, Haifa

We discuss the possibility of adapting the basic idea of the Debye-Hiickel-
Onsager-Falkenhagen theory to solid electrolytes. 1In our mathematical
treatment we abandon the Debye-Hiickel continuum-ansatz in favor of a des-
cription of the diffusion dynamics in terms of hopping processes ‘along dis-
crete lattice sites. Generally, we consider the effect of the Coulomb in-
teraction among the charge carriers on the transport properties. In the
model, each charged defect experiences the periodic lattice potential plus
the Coulomb potential due to the distribution of the other defects. After
an "initial" hop of a charged defect, the defect either hops back again
into its absolute potential minimum, or the surrounding "defect cloud"”

moves forward, shifting the Coulomb minimum towards the new position of the
defect.

Our calculation yields the following results. At high frequencies the mo-
tion of the single charge carrier is decoupled from that of the surrounding
"defect cloud”, resulting in a relatively high conductivity in this limit.
At low frequencies, on the other hand, the slower motion of the "defect
cloud” yields a conductivity which is generally lower than the conductivity
in the high frequency limit. At sufficiently low temperature we find

(olw) -~ clo)}oe P with 0 < p <1

in a wide range of intermediate frequencies, i.e., we recover the charac-

teristics of the "universal dielectric response" put forward by Jonscher
in 1977,

On the basis of our model, we can explain a great number of experimental
results, including not only O(w) data but also quasielastic neutron-scatter~
ing spectra of solid electrolytes, and the dependence of formal activation
energies for hopping processes in solids on the concentration of the mobile
charged defects. o
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PROTONIC CONDUCTION IN ACCEPTOR-DOPED KTa0, CRYSTALS*

Wing-Kit Lee and A.S. Nowick, Columbia University, New York, N.Y. 10027
and L.A. Boatner, Oak Ridge National Laboratory, Oak Ridge, TN 37830

Potassium tantalate crystals, which have the cubic perovskite structure,
may be doped with transicion metal fons (e.g. Cu'", Fe'* or N1'%). These
dopants substitute for the Ta®* fons and therefore require charge compensationm,
most probably by oxygen vacancles, V,. When such crystals are heated in
water vapor at elevated temperatures ("900°C), protons are introduced which
manifest themselves in the form of a sharp IR absorption peak at 3485 co?
when measured at 77k.1l This band provides a monitor of the H* content
of the crystal after various treatments. The OH™ band can be removed by
vacuum annealing. Undoped crystals, on the other hand, do not appear to be
susceptible to the introduction of H*. A simple model for the introduction
of H* is the defect reaction: i S :

Vo + K0 (8) -> 05+ 2_u+

Conductivity measurements (by means of complex impedance measurements)
were made on several Cu-, Fe- and Ni-doped crystals containing « The
conductivity shows a unique activation energy of 1.10 ¢ 0.05 eV. Additional
experiments involve the substitution of deuterium (D*) for H*. A strong
isotope effect in the conductivity (Op+/Oy4 v 2.5) is observed with a
small difference in activation enthalpy o - 0.04 eV. This shows that:

a) protons are responsible for the conductivity, and b) that non-classical
behavior is involved in proton migration.

The conductivity behavior seems to be similar to that of accsptor
doped SrCe0O: which has been studied extensively by Iwahara et al. The
latter is a polycrystalline ceramic, however, and so does not peruit

- observation of an OH band. ’

Additional information about the defects present in KTaO; both before
and after the introduction of K'Y is obtained by means of EPR studies of
the transition metal ions and by dielectric relaxation studies at low
temperatures.

1. H. Engstrom, J.B. Bates and L.A. Boatner, J. Chem. Phys. 73 (1980) 1073.
2. H. Iwahara et al., Solid State Iomics 3/4 (1981) 359; 11 (1983) 117.
* Research sponsored by the Division of Materials Sclences, U.S. Department

of Energy under grant DE-FG 02-85 ER 45187 with Columbia University
and contract DE-AC 05-840R21400 with Martin Marietta Energy Systems Inc.
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HIGR TEMPERATURE PROTON CONDOCTORS
NOTE I: BORON AND ALUMINUM PHOSPBAIES?

E. Montooeri
Dipartimento di Chimica
Industriale e Ingegneria
Chimica del Politecuico
Pz. L. da Vinci 32
20133 Milano, Italy

and

E. Pindl, 7. Kulesa and F. J. Salzano
Department of Applied Science
Brookhaven National Lsboratory
Upton, New York 11973-5000

ABSTRACT

The chemical stability and conductivity of boron and aluminum phosphates
with P/B and .P/Al atomic ratios D1 are reported as functions of temperature
(100-280°C) and steam pressure (up to 5 atm). Aluminum phosphates are much
more stable than the boron analogues. Al(PO3)3 and H2AlP30)9 undergo the
reactiong . .

AL(PO +.Ho0
)3 —';-Fh HAlP 30,9 ——» ALPO, + H0°P20st.
= "2

At 280°C and Pyjp = 5 atm the yrodgct 1°x‘ niiture of AlPO, and H2AlP30)p
and the conductivity is in the 107° oha™" cm™ " range. With boron phosphates

high material loss and poor conductivity are caused by the instability of the
BPO, phase, due to the reaction

2 BPO, + 6 Hp0 ———— B203°3 Ha0¢t + P;05°3 H 04,
The results show that because of the occurrence of dehydration or hydrolytic
reactions, increasing the water vapour pressure does not always lead to higher

conductivity and that neutral phosphates may have a key trole in relation to
the stability and conductivity of the solid acid electrolytes.

*Work performed under the auspices of the U.S. Department of Energy.
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HIGH TEMPERATURE TYPE PROTONIC CONDUCTOR BASED ON SrCeO AND ITS
APPLICATION TO THE EXTRACTION OF HYDROGEN GAS

H.IWAHARA, T.ESAKA, H.UCHIDA, T.YAMAUCHI and K.OGAKI
Department of Environmental Chemistry and Technology,
Faculty of Engineering, Tottori University,
Koyamacho Tottori 680, JAPAN

Recently, we found that some sintered oxides based on strontium cerium
trioxide exhibit appreciable proton conduction in hydrogen-containing
atmosphere at high temperatures.’ SrCey g5Ybg. 0503-q. SrCeqy, 95Ybgy,0503-a
and SrCep, 955¢cy,0503- belong to this class of conductors.  Attempts to
apply these oxides as electrolytes for fuel cell, galvanic cell type 2-%)
hydrogen sensor, steam sensor etc. were made by us and reported elsewhere,
In principle, such a proton conducting solid electrolyte can be used to
extract hydrogen gas from hydrogen-containing gases or hydrogen compounds.

In the present study, electrical properties of SrCep, g5Ybg,0503-a
ceramic under various atmosphere were investigated, and, using this ceramic
as a solid electrolyte diaphragm, the extraction of hydrogen from various
gases were examined.

Well sintered ceramic of SrCeqg gs5Ybg, 0503-q was stable when one side
of the ceramic disc was exposed to hydrogen gas and the other to oxygen at
high temperatures up to 1000°C. In this condition, the conduction was
mainly protonic and, partially but slightly, electronic. The electronic
conduction was clarified to be p-type by investigating the dependence of
electronic¢ conductivity on oxygen partial pressure. This ceramic was also
a stable protonic conductor even when both sides of the ceramic disc was
exposed to hydrogen gas at 800°C. However, appreciable n-type electronic
conduction was observed at 900°C, although reduction of the oxide was not
so remarkable in the case of wet hydrogen. '

Using a thin disc of SrCeq, gs¥bg,0503-q ceramic as a solid electrolyte
diaphragm and porous platinum as an electrode material, electrochemical
hydrogen extractor was constructed by way of experiment. On introducing
CO+H,0 mixed gas into anode compartment and on sending a direct current to
the ceramic disc, hydrogen could be obtained at the cathode compartment of
the extractor at 800-900°C. Hydrogen extraction rate was close to the
theoretical value calculated from the amount of electricity. We could
also extract hydrogen from thermal cracking gases of ethane, alcohol and
hydrogen sulfide.

As previously reported, we could electrolyze water vapor using this
type of solid electrolyte.’ In the present experiment, a bench-scale steam
electrolyzer was fabricated and pure hydrogen gas could be extracted in a
rate of a few 2/hr.  The purity of hydrogen gas thus obtained was higher

than 992 and the partial pressure of water vapor in the gas was less than
0.3 Torr. ~

{Reference]

1) H.lwahara, T.Esaka, H.Uchida and N.Maeda, Solid State.lonics, 3/4,
359(1981)

2) H.lwahara, H.Uchida and S.Tanaka, Solid State Ionics, 9, 1091(1983)

3) H.Iwahara and H.Uchida, Proc. Intern. Meet. Chemical Sensors, 1983
Fukuoka p227

4) H.lwahara, H.Uchida and J.Kondo, J. Appl. Electrochem., 13, 365(1983)

5) H.lwahara, H.Uchida and N.Maeda, J. Power Sources, 7, 293(1982)
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PROTON TRANSPORT IN AMMONIUM PARATUNGSTATE (NHB)lOWIZOH'jH 0

2

S.K.Tolpadi, S. Chandra and S.A. Hashmi _
Physics Department, Banaras Hindu University, Varanasi-2210035, India

The possibility of Ammonium paratungstate (NH“)lo\vle“JHzO as an etficient

proton conductor has been explored. Coulometry, Infra Red Spectra, temperature
and frequency dependence of the electrical conductivity of the above materials
have been studied. The results of the above investigations are summarised below.

W -

(ii)

(iii)

(iv)

Direct D.C. electrolysis or coulometry was performed in a sPecialW designed
coulometer in which the volume of gases evolved at the electrodes could
be measured by the movement of mercury column in a micropipette. This

experiment suggests that about 70% of the charge is transported by H* ions
or the proton transference number is about 0.7.

On electrolysis it has been found that the sample surface near the anode
was blackened suggesting an electrode charge transfer reaction. There was
a little blackening at the cathode also.

The I.R. spectrum of the sample near the cathode and the anode ends were
recorded after electrolysis along with the original sample. It has been found
that due to the proton transpsort there is (a) a decrease in the relative intensity

of NH: and HZO at the anode side (b) an increase in the relative intensity
of NH_and H,0 bands on the cathode side and (c) the appearance of a broad
band around 1060 cm'l on the cathode side which is possibly due to enhanced
librational motion of W-O of tungstate group. o

Temperature variation of the electrical conductivity has been studied in the
frequency range (100 Hz - 100 KHz).. The resuit has .been interpreted in
terms of thermally activated ion accompanied possibly by structural phase
transition.

" A detailed analysis of the above resusits suggesti that for c':harge' transport,

protons are contributed both by NH“" and H20 structural groups in the sample.
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ELECTRICAL CONDUCTIVITY OF HTaH06 > HZO AND HTaUOe.

C.M. Mari, F. Bonino, M. Catti, R. Pasinetti, S. Pizzini

" Dipartimento di Chimica Fisica ed Elettrochimica, Universita
degli Studi, Via C. Golgi 19, 20133 MILANO - ITALY

The NMR technique has been used to investt§ate the motion
of hydrogen ions in HTaWo, - HZO and HTaWo »23

The results suggest that these compounds are fair hydrogen-
ion conductors in which individual protons are the only specie
responsible for the conduction process. Aim of the paper is to
present the electrical conductivity measurements carried out
on such materials and to compare the activation erdergies for
the conduction processes as well as the diffusion coefficient
with those obtained by NMR technique.

References

C1] M.A. Butler, R.M. Biefeld, Phys. Rev. B 11, 5455 (1979).

£2) R.M. Biefeld, M.A. Butler, L.J. Azevedo, Solid State Comm.
38, 1125 (1981).
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SPECTROSCOPIC STUDIES OF THE FAST PROTON

CONDUCTOR LITHIUM HYDRAZINIUM SULFATE

Scott H. Brown and Rogeg Frech
Department of Chemigtry S
University of Oklahoma L

Norman, OK. 73019

Lithium hydrazinium sulfate, LiN,H5504, crystallizes in the ortho-
rhombic space group PnaZl (Cgv) (1) and has been shown to be a proton
conductor (2). At room temperature, the dc conductivity was found to be
very anisotropic with the direction of highest conductivity along the
c-axis.

In an effort to better understand the mechanism of proton transport
in solid LLNZHSSO a series of spectroscopic studies have been initiated.
First in this series was an analysis of the polarized Raman spectra of
LiNzH S0, single crystals at room temperature, The Raman spectra of the
deutetated analog were also obtained and used in making normal mode
assignments. Although the N-H stretching modes are expected to be broad
due to the extensive hydrogen bonding in this crystal, there {s a very
sharp and intense N-H stretching mode at 3331 cm~l.

In addition, a preliminary temperature-dependent Raman study
indicates interesting band shape and bandwidth changes as a function of
temperature. Anomoloui intensity behavior has been noted in a low
frequency mode (52 cm™ ') in the temperature range 300K-20K in which the
intensity of the mode dramatically increases with increasing temperature.
The iaplications of all these spectroscopic observations are discussed
in terms of current theories of proton transport in solids.

1. M. R. Anderson and I. D. Brown, Acta. Cryst. B30, 831 (1974).

2. J. Vanderkooy, J. D. Cuthbert and H. E. Patch, Can. J. Phys. 42, 1871
(1964).
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MECHANISM OF PROTON TRANSPORT IN HUP (HUO,PO,-4H,0)

B.K.SenandS. Sen
Department of Chemistry
University College of Science
700 009 Calcutta
India

HUP (and HUASs) has recently attracted the attention of both
physicists and chemists as an intrinsic proton conductor. The
mechanism of proton transport in this is a process which is very
little understood. The position of uranyl and phosphate ions and the
orientation of the water-squares in a layered structure of HUP is
known from its crystal structure studies. Neutron diffraction data do
not precisely locate the position -of the protons in the structure,
although they adequately indicate the dynamics of the protons in
the crystal. These findings severely restrict the applicability of the
idea of movement of a “"vehicle" like HaO*. Certain other
mechanisms involving: "proton jumps” and water reorientation have
been proposed for proton transfer in HUP. However, in all these
interpretations, the role of phosphate (or arsenate) ions in aiding the
proton transport has been overlooked, and all investigators have so

far concentrated solely on the motion of protons through the water ~

network. The phosphate groups are joined to the water network
and cach square contains on an average one vacant orbital
containing a lone pair of electrons on an oxygen atom. This vacant
orbital can accommodate a proton from an adjacent in-square
member according to the mechanism proposed by us earlier. The
transfer of a proton from one water square to another might take
place through the participation of the m-electron cloud of the
phosphate group. (The same mechanism can explain the transter of
a proton in a KDP crystal.) The mechanism of the intra~square and
inter-square "proton jumps” has been explained by the application
of the idea of #—proton bonds. The drastic reduction in the value of
proton conductivity in NH,UO,P0,-3H,0 is easily explained by the
fact that no free tone pair of electrons on the oxygen or nitrogen
atoms forming the square are available. There is thus no vacancy
which can accept a proton and allow for the transport process to
occur.

Pl5/P-8

POTENTIOMETRIC MEASUREMENTS OF IONIC MOBILITIES IN PEO-LiX CCMPLEXES
A. BOURIDAH, F. DALARD, D. DEROO, M. ARMAND

Lakoratoire d'Energétique Electrochimique - LA 265
BP 75 - 38402 - SAINT MARTIN D'HERES - FRANCE

We report cn electrochemical method to determine the cationic transport

number and the salt diffusion coefficient in PEO-LiX complexes. This

method is based on the E.M.F. measurements of galvanic cells of the follo-

wing type : .
Li/P{EO} -LLX/P(BO)'-L:.X/LL (m<n)

The two half cells are initially separated. After contact is made at t=0
the E.M.F. 1s reccrded.

The recorded E.M.F. at t=O is equal to the junction potential between the
two merging electrolytes and is expressed by :

E=—2-E.— /n tx- dlna ¢
The anicnic transference number assumed independent from activity, can be
calculated, provided that the respective salt mean activities are known.
At t >0, as LiX diffuses until equilibrium the potential decreases.
Dpix 18 then determined by fitting the experimental potential versus time
de ence with simulated curves for various Dux values.
We have investigated complexes with X = I_,’Clof, CFasd; at 90°C.
It is knownthat these materials exhibit several phases. Based on the
published phases diagramm (1,2) we have selected a concentraticon range .
in which the electrolytes are fully amorphous at 90° : the ratio O/Li
are respectxvely 8 to 120 for Lil and L.xClO and 30 to 120 for: LJ.CF3 3.

The mean act:.vxty was estimated from cell B M.F. with the follawxm ‘anion -
specific electrodes : Ag~-AgI/LiI and a redox polymer electmde/t.xclo

and/ L:.CI-‘3SO3

From our results it appears that :

- e is close to 0.5 in each complexes.

- L.z.CE-‘aso3 diffuses much more rapmly than either LiI or ucm

(1) - C. BERTHIER, W. GORECKI, M. MINIER, MB.ARMAND JH CHABAGNO
and P. RIGAUD, Solid State Ionics 11, (1983),

(2) - C. ROBITAILLE, D. FAUTEUX, to be published in J. Electrochem.
Soc., (1985}
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PREPARATION AND PROPERTIES OP PEO COMPLEXES

OF DIVALENT CATION SALTS
L. L, Yang, R, Hug, G. C, Farrington

Department of materials Science
University of Pennsylvania
3231 Walnut Street, Philadelphia, PA 19104

We have prepared several polyethylene oxide (PEO)‘composi-
tions with chlz, Pbclz, and fevezal other salts of divalent
cations. ' "9C12 compositions were prepared over a range, Mgclz
(PEO)4 to chlz(Pgo)24. Similar compositions were prepared with
PbCl2

DSC and x-ray diffraction studies of the chlz-PEO films
show no evidence of free HgC12 and suggest that PEQ and M‘gCl2
do indeed form well-defined complexes and not simply mixtures
of salt and polymer.

Conductivity measurements were made using complex ac
impedance analysis. Samples of the divalent halide films were
compared with a sample of a standard film of LiCP3SO3(PEO)9 and
with a film of pure PEO. Of the family of Mgclzcompositions,
the best conductor was MgCl (PEO)16 which had a conductivity of
about 1070 onhm-cm) ! at JOSQ, about an order of magnitude less
than the LiCF3503 complex. However, the conductivity of the
MgCl2 complex at 100°C was comparable to that of the LiCF3SO3
complex,

This paper discusses the preparation, physical charac-
teristics, and conductivity of these interesting divalent
cation salt complexes of polyethylene oxide,

PL7/P-10

MR, DSC, and Conductivity study of a poly(ethylene oxide)
complex electrolyte: PEO(LiICl0y),

W. Goreckil, R. Andrc¢ani, C. Berthier
Latoratoire de Spectométrie Physique, U.S.H.Grenoble,B8P 87
36402 Saint-Martin d'tiéres, France

. Armand,
LEE-ENSEEGrenodle, B.P. 75 38402 Saint-Hartin d'Héres, France

M. Mali, J. Roos, and D. Brinkmann -
Physics Institute, University of Zurich, 8001 Zurich,
Switzerland

It is now well xnown that the alkali metal salts polyethyleane
oxide adducts are among the best potentialities as future solid
electrolytes for advanced batteries(1,2). Recently, we have
discussed the ionic conductivity mechanism in those systems.
which present phase diagramm analogous to PEO(LiCF,S0,) which
are inhomogeneous systems over a wide range of temperaéure(})

In this paper, we concentrate on tae PEO(LiICl0,), systeam,
which exhibits several peculiar features:

-First, the existence of two crystalline phases of distinct
stoichiometry x~ '=3 and 6, with respective melting temperature
of 420 K and about 345 K can be inferred from our DSC and HMR
measurements and has been confirmed by structural measurements
from Robitaille et al (4).

-Second, the very slow Kinetics of crystallization of the
stoichiometric complexes.allows their study in a wide tempera-
ture range where the system 3tays as a fully homogeneous melt.

Determination of the self-diffusion coefficient by the
pulsed field gradient tecqnlque(S) has been performed in
samples of concentration x 8, 20. Conductivity and DSC
measurements are currently in progress in samples issued from
the same menmnbranes, as well as spin-lattice relaxatlon of
lithium, chlorine, and proton.

Preliminary comparison with conductivity measurements availab-
le in the literature (2,4) leads to cationic transport number
of 0.3-0.5. This contrasts strongly with the behaviour of
PEO(LiCF350 )}, . For tnis compound, when comparing the
diffusion”coerficient determined from HMR (6) and the conducti-
vity data (3), one observes that about a quarter of the ions
are really participating to the conductivity and that ions
pairs are also mobile.

%EFERENCES
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POLYMERIC ELECTROLYTES BASED ON POLY(ETHYLENE IMINE) AND LITHIUM SALTS®

C. K. Chiang, G. T. Davis and C. A. Harding
Polymers Division
National Bureau of Standards
Gaithersburg, M 20899

T. Takahashi
-, Ube Industries

Tokyo, Japan

\

A
\

Linear poly(ethylene imine) has been shown to dissolve sodium
fodide with a 1038 of crystallinity up to a molar ratio of salt to
polymer of 0.15. Between 0.15 and 0.3 mole ratio, a high-melting
crystal phase involving the polymer and the salt removes Nal from
solution. The behavior of lithium salts (LiF, LiC%, LiBr, Lil, LISCN,
LiCiQy, LiBFy, and LiCF4S04) in linear PEI has been examined because of
their {mportance in batfery applications. All of these salts dissolved
in the polymer as evidenced by a decrease in the heat of fusion (DSC)
and an increase in the glass transition of the polymer. The triflate
(CF,S0;7) salt caused the greatest reduction in crystallinity following
evdportation of the common sol vent used in preparing the mixtures.
However, once melted and then cooled, many of the mixtures remained in
the amorphous state.. No evidence for a crystalline complex between the
linear PEI and these litium salts was observed. The de¢ conductivity of
mixtures containing O.Idnoles of LiBFy or LiCey per mole of polymer was
on the order of 1 x 1077 S/cm at room temperature but increased to 1 x
1072.S/cm at 150°C. The polymer prepared so far is of rather low
molecular weight (-2000) and exhibits pcor mechanical properties at
elevated temperatures.

"work supported {n part by Office of Naval Research
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A Pulsed Field Gradient NMR Study of Cation and Anion Diffusion
in the Amorphous Phase of the Polymer Electrolyte (PEO)SLICF3SO3

Sankar Bhattacharja, S. W. Smoot and D. H. Whirmore
Department of Materials Science and Engineering
Northwestern University

gvanston, Illinois 60201
USA

Abstract
pulsed field gradient (PFG) NMR measurements of the cation

and anion diffusion coefficients, D, , and D,,p. are reported for
the amorphous phase of the poly(ethylene) oxide-lithium triflate
{(PEO)g - LICF,S041} complex in the temperature range 428-448K.
These diffusion data, which allow unambjguous detornin{tlon of
the cation (t ) and anion (t ) transference numbers for this
amorphous electrolyte, show that both kindp of jons are mobile
in the amorphous complex, with t_ranging from 0.34 at 428K to
0.4 at 448K. We also report some a.c. conductivity results on
the same amorphous complex, along with some Qolf-dtffuslon
coefficients for PEO obtained by monitoring its protqn,difipsson
behavior by the PPcvnothod. These latter observations are dis-
cussed in the light of predictions about polymer sclf—diftuston
behavior based on the'uell—knﬁun de Gennes reptagtqn model of a

polymer chain.
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THIN FILM SOLID STATE POLYMER ELECTROLYTES CONTAINING SILVER AND COPPER
IONS AS CHARGE CARRIERS

Teresa Abrantes, Luis Alcacer and Cesar Sequeira

Departamento de Quimica, Instituto Superior Tecnico,
Av. Rovisco Pais, 1096 Lisboa Codex, Portugal

ABSTRACT

The domains of redox stability and the fonic conductivities were
determined for solid state thin films based on polymer complex salts
containing silver and copper ions as charge carriers.

Polyethylene oxide (PEO) and similar polymers were complexed in various
proportions with simple silver and copper salts and solid state thin
films were prepared using solution casting techniques. The
electrochemical behaviour, including the domains of redox stability,
was determined by cyclic voltammetry in cell systems of the type
Pt/PE0O:M*X"/Pt. The ionic conductivities were measured by standard
methods. .

These polymer electrolytes were also combined with several electrodes
such as conducting polymers (polypyrrole and polyaniline), insertion
compounds such as Vi , composite materials such as Mn0 mixed with
carbon black in a po r matrix, and appropriate metals in systems of
the type M/PEO:M*X™ /H' where M' is one of the above mentioned electrode
materials, Some preliminary results on these systems with view to
their performance applications {n solid state electrochemical devices
will be presented.

P21/P-14

CHEMICAL MODILFICATION OF POLY(ETHYLENE IMINE) FOR POLYMERIC ELECTROLYTE

Toru Takahashi
Ube Industries
Tokyo, Japan

G. T. Davi.sl C. K. Chiang and C. A, Harding
i Polymers Division
National Bureau of Standards
Gaithersburg, MD 20899 USA

Sodium iodide can be dissolved in linear poly(ethylene-imine),
PEI, up to mole ratios of saltuto polymer of about 0.15. DC
conductivities as large as 3 x 10" S/cm at 100°C have been measured.
At higher concentrations of salt, a high melting complex crystal phase
involving PEI and Nal {3 formed and dc conductivity is greatly reduced.
The linear PEI has been chemically modified in an attempt to prevent
formation of the crystalline complex without altering its ability to
dissolve salts and conduct ions. Three main systems were investigated:
(a) poly(N-acetyl-ethyleneimine), (b) partially quaternized PEI with
ethyl or butyl groups, and (c) PEl lightly cross-linked with
diepoxyoctane. Dissolution of salt was followed by x-ray diffraction on
the mixtures and changes in T, as determined by DSC. In all cases, the
crystallinity was destroyed bt conducci vity of salt-containing polymer
was not improved.

Hork supported in part by Office of Naval Reserch
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Interface between Cosintered (U,H)Oz X
Electrodes and Yttria lirconia Electrofyte

S.P.S. Badwal and F.T. Ctacchi
CSIND, Division of Materials Science
Advanced Materials Laboratory
P.0. Box 4331, Melbourne
Vic., Australia 3001

D.K. Sood
Microelectronics Technology Centre
RMIT, Melbourne
Vic., Australia 3000

Abstract

Solid state electrochemical cells have been prepared by cosintering
prereacted electrode and electrolyte materials together. The electrodes
under investigation are the nonstoichiometric oxides of the general
formula-(U.H)Ozzx (M=Sc,Y). The electrolyte is an oxygen fon conducior.
Both the electrode and the electrolyte phases have the fluorite
structure. The techniques used for characterisation of the cosintered
samples were x-ray diffraction, Rutherford back scattering, scanning
electron microscopy - EDAX and optical microscopy. The electrochemical
behaviour was studied by impedance spectroscopy and galvanostatic current
interruption method. For M=Sc, an intermediate phase which also has the
fluorite structure is formed and is responsible for -the strong bonding of
the electrode layer to the electrolyte. The thickness of the intermediate
phase was about 2-3 um. For M=Y, no evidence for the formation of such a

‘phase was found and the adhesion of the electrode to electrolyte was

podr. Considerable loss of uranium, which in some cases led to
destabilization of the fluorite phase, was observed from the surface of
the electrode layers. The thickness of the uranium depletion zone
extended to a depth of about 1.5 um. The charge transport across the
unified (U,Sc)Oth/yttria stabilized zirconia interface is slow and
appears to be diffusion controlied. The presence of the intermediate
layer in the case of urania-scandia solid solutions is detrimental to the
electrochemical behaviour.
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OXYGEN SURFACE EXCHANGE AND DIFFUSION
IN_FAST IONIC CONDUCTORS

J.A. Kliner. A.E. McHale and 8.C.H. Stesls
Wolfson Unit for Solld State ionics
Imperial College.. London SW7 2BP U K.

M. van Hemert and A.J. Burggraat
Laboratory of inorganic Chemistry and Materlals Science
Twente University of Technology
P.0O. Box 217. 7500 AE Enschede. The Netheriands.

A significant and largely unexplored phenomenon in the performance of’
oxides used in electrochemical devices is the gas/solid exchange mechanism
operative at the oxide suriace in a variety of operating conditions. The rate of
exchange of oxygen between the gas phase and the surface of an electrolyte
can be the rate limiting step in the performance of electrodes for various
elactrochemical devices constructed using solid oxide electrolytes and Is aiso &
significant factor in the performance of new 3 { tyti P ds.

In an effort to understand the fund tal phe a Iinvolved in the
surface exchange of oxygen. we have studied the rate of exchange of isotopic
180 with the surface of several important oxide electroiytes including Zr(Y)O-x.
(Biy-yEry) 203. (Bi1—xY¥x) 203 and pyrochliores in the system Nd2r207 -
Nd2Ce207. Measurements on both singie crystals and poiycrystaliine materiais
were performed when possible. a

For the ts. gle crysta! and/or polycrystaliine specimens were
heated In an '80-enriched atmosphere. . The penetration profiles of the the
tracer '80 were then determined using a high sensitivity dynamic SIMS
technique. A typical profile obtained for a sampie of Nd2Ce207 Is shown in

Fig. (W), Analysis of the
-03 measured penetration profile
o yloid values of D. the self
Nd2Ca207 diffusion coefficlent. and K. the
[0} 428 © surface exchange coefficlent. for
30 min each specimen. In. alt cases
died. the hange of oxyg
between the gas phase and the
solid is limited by the rate of
surface exchange and not the
diffusion coetficient of oxygen.
The resuits of these
‘analysis will be discussed with
reference 10 the known “bulk®
o i defect hemistry of the
o 1 2 a 4 compounds. contrasting the ~
behavior of the different
DEPTH <(microned electrolyte types. and  with
Fig. 1. Exparimantal SIMS data. reference to tendancy of these
. materials to oxhibit  surtace
segragation of one component. For example. preliminary results In doped
bismuth oxide Indicale a high surface exchange rate relative to Zirconia,
perhaps related 1o the difterent surface chemistries of these materials ‘as well
as their electronic structure. Resuits of limited experiments on the efftects of
applied bias on the rate of oxygen exchange wiii aiso be discussed in
reference 10 probable effects on surface defects and segregation.
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ELECTROCATALYTIC MECHANISMS IN THE OXIDATION OF
CO ON A SCANDIA STABILIZED ZIRCONIA
ELECTROLYTE SURFACE

Bang C. Nguyen and David M. Mason
Department of Chemical Engineering
Stanford University
Stanford, California 94305

A general survey of the e\ectrocatalytic benavior of tne foilowing
individual hydrocarbons: gz. 8 CH,, CH,OH and C_H.OH as well as 02 in
the temperature range 700°<850°C hdé beefl made Eazdia stabilized
zirconia of composition 7-10 moie% Sc,0, in the form a disc was used as
the electrolyte. Engelnard Au and Pt Da3tes were employeq as electrades.
The fuel cell was operated in a differential mode. Two very interesting
results have emerged from this investigation. First, it is found that the
electrocatalytic reactivity of each of the above hydrocarbon compounds and
0, is very similar whether porous Au of Pt electroces were used; though
tﬁe ordinary non-electrochemical catalytic activities and chemisorption
characteristics of these metals are widely different. An analysis of the
data in the low overpotential region yields activation energies for the
anodic oxidation of the above hydrocarbons which is independent of the
nature of the metal electrode (ranging from 25 kcal/mole for C H.OH to 30
kcal/mole for CO). It has also been found tnat tne 0 catnoatc rgaction
has an activation energy of about 31 kcal/mole for bgth Au ang Pt. The
second interesting feature of the current overpotential data is the fact
tnat tnere is a very large ennancement in the electrode reaction rates
when the electrolyte is in a blackened state. These results indicate that
the major mechanistic steps of the electrode reactions at both the cathode
and anode involve sites on the electrolyte surface rather than the metal
electroae surface. )

A more detailed mechanistic study was performea employing COICO2 mixtures.

" Tne overall reaction can be written as:

C0(g) * Oy(Llr0,)  ---e-e- > C0,(g) + 2e(Pr) « Vy(Ir0,) m

where 0; is an oxygen ion in the electrolyte and V, is an oxygen vacancy.
Information regarding the mechanism of the above reaction can be obtained
by examining the dependence of the exchange current density | on the
ratio of the partial pressures of CO and C0, and temperature. A possible
reaction scquence involving the electrolyte“surface assumes that the
electrons found in the immediate vicinity of the gas/electrode/electrolyte
three-phase boundary are capable of diffusing to the reaction sites on the
electrolyte surface, probably surface oxygen vacancies, to form neutral
oxygen vacancies (F centers). Evidence supporting this type of surface
electronic conductivity comes from TEM analysis of the blackened
electrolyte specimens which reveals the existence of a surface zirconia
suboxide which is intrinsicallly electronically conducting. The induced
electronic conductivity is not a bulk effect but is restricted to the
electrolyte surface. These neutral vacancies then react with CO to give
0,. Tne above reaction mechantism along witn several otner altarnatives
arg currently being examined in order to arrive at tne best detailea
description of the anodic and cathodic electrode reactions.
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CYCLIC VOLTAMMETRY AT METAL-ZIRCONIA ELECTROLYTE INTERFACE
by
D. GOZZI, L. PETRUCCI and M. TOMELLI&I
.Dipartimento di Chimica, Universita' di Roma "La Sapienza"

P.le Aldo Moro S, 00185 ROMA-ITALY

In some recent papers-(l-3) were shown the results of several
experiments concerning the oxidation kinetics of nickel at high

‘temperatures and low oxygen pressures through zirconia electrolyte cells,

In those experiments the metal under study was the working electrode of a
zirconia electrolyte cell subjected to galvanostatic steps producing oxygen
at the metal-electrolyte interface.

A model, based on the C. Wagner theory modified for the presence of an
electric field according to Kroger, was proposed for explaining the
associated chronopotentiometric curve.

The analysis of such curves allowed to derive all the kinetic parameters of
the tarnishing reaction of nickel as described in the above mentioned
papers.

In order to obtain a more complete understanding of the phenomena occuring
at that interface some cyclic voltlmmetriel were kept between successive
galvanostatic steps.

As elsewhere described (3), the experiments can be carried out in a high
vacuum furnace and the pressure recording during the cell operation gives
an independent way to study what hnépens when the current flows through the
cell both in galvanostatic and potentiostatic mode.

In fact, as well known, in a zirconia cell, oxygen can be produced at one
of the interfaces, accordingly to the polarity, and its flow-rate is
proportional to the current density.

Some cyclic voltammetries coupled with pressure recordings will be shown as
a function of temperature in the range between 760 and 1150 C for dxffarent
specimens of nickel,

Voltammetric curves will be explained throuéh a model based on the

oxidation of nickel the kinetics of which affects the capacity of the
double layer located at the Metal/Electrolyte interface.

REFERENCES

1. D. Gozzi- High Temperature Kinetics of Metal-Oxygen Reactions by Solid
Oxide Electrolyte Cells: an Applications to Nickel- MATERIALS CHEMISTRY AND
PHYSICS, 8 (1983) 502-530

2. D. Gozzi-Kinetic of Metal-Oxygen Reaction by Solid Oxide Electrolyte
Cells- SOLID STATE IONICS, 14 (1984) 239-245

3. D. Gozzi and G. De Maria -High Temperature Kinetics of ﬂickel-Oxy;en
Reaction by Ceramic Electrolyte Cells - HIGH TEMPERATURE SCIENCE, in press
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IMPEDANCE OF METAL-SOLID ELECTROLYTE INTERFACES!
J. B. Bates and J. C. Wang

Solid State Division, Qak Ridge National Laboratory
Oak Ridge, Tennessee 37831

The impedance of metﬂ]/solid electrolyte/metal cells can often be represented
by Z(w) = R + Alju)” over several decades of frequency within the range from
~10° to ~105 Hz, where R is the bulk Sesistance of the electrolyte, A is a
constant, and 0<n<l. The term A{jw)~ has been called a constant phase angle
element,2 a universal capacitor,3 or, more recently, a d-fractance.* With D =
Asin{nx/2), the impedance can be expressed as Z(w) = R + Ncot(nw/2)/u" -
j0/w", where j = /gr. The characteristic property of a cell whose contacts
behave as a universal capacitor is the frequency-dependent real part of 1
which is proportional to =M.

Two-point and four-point impedance measurements were made on several kinds of
g-alumina, g"-alumina, and zirconia cells over the frequency range from 0.1 to
107 Hz and at temperatures above and below 300 K. The texture of the electro-
Jyte surfaces onto which metal contacts were sputtered varied from “rough”
with features as large as 10 um to "smooth" with features smaller that 0.5 um.
For all of tne cells investigated, the two-point and four-point data show that

_ the frequency dependence of Re{(2) is due to the metal-electrolyte interface

and not to a bulk effect of the electrolyte.5 The value of the parameter n
depends on surface texture and, for g- and g*-alumina, is a strong function of
temperature. At 300 K, n increases as the interface becomes smoother, but
always remains less than one. The value of n decreases from ~0.9 at 300 K to
~0.6 at 670 K but remains nearly constant below 300 K.

The impedance function A(ju)'" has recently been derived from a fractal model
of a rough interface.® In this model, n is directly related to the fractal
dimension of the interface. An alternative model’ based-on a distribution of
pores of different sizes and shapes at the interface can account qualitatively
for the temperature dependence of n, and the calculated impedance matches clo-
sely the experimental data over a wide frequency range.

1. Research sponsored by the Division of Materials Sciences, U.S. Department
of Energy under contract DE-AC05-840R21400 with Martin Marietta Energy
Systems, Inc.

2. P. H. Bottelberghs and G. H. J. Broers, J. Electroanal. Chem. 67, 155
(1976).

3. A. K. Jonscher, Dielectric Relaxation in Solids, {Chelsea Dielectrics
Press, London, 1983), p. 91. B

4. A. L. Le Mehaute and G. Crepy, Solid State lonics 9410, 17 (1983).

5. D. P.)Almond. A. R, west, and R, J. Grant, Solid State Commun. 44, 1277
(1982).

6. S. H. Liu, "A Fractal Model for Charge Diffusion Across a Rough Interface,".

Phys. Rev. Lett. (in press) 1984.
7. J. C. Wang and J. B. Bates, "Model for the Interfacial Impedance Between a
Solid Electrolyte and a Metal Electrode,” this conference.
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THE LITHIUM-POLYMER ELECTROLYTE INTERFACE

F.Bonino and‘B.Scrosati
Dipartimento di Chimica, University of Rome 'La Sapienza’,
Piazzale A.Moro S5, 00185 Rome, Italy.

The bulk properties of polymer electrolytes based on the
coﬁbination of poly(ethylene oxide) with lithium salts, have
been extensivelQ studied(1) and these electrolytes are currently
proposed for the development of high energy, rechargeable
batteries(2,3).

However, relatively few studies have been so far reported
on the characteristics and propertiés of the electrochemical
processes at the electrode-polymer electrolyte interface.

On the other hand, the evaluation of these processes is
of importance for the determination of the effective cyclability
of the polymer batteries. )

In this paper we report preliminary results of an investi-
gation of the lithium-polymer electrolyte interface, perforaed

_ by voltaﬁmetry, polariistion and a.c. inpedsﬁceineasurencnts.

REFERENCES.

1)-M.Armand, Solid State lonics, 9410, 745 (1983).

2)-A . Hooper and B.C.Tofield, J.Power Sources, 11, 33 (1984).

3)-M.Gauthier, D.Fauteux,G.Vassort,A.Belanger,M.Duval, P.Ricoux,
J.M.Chabagno, D.Muller,P.Rigaud,M.Armand, D.Deroo,
2nd Intl.Conference on Lithium Batteries, Paris, April 25-27,
1984,
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Microstructure of Pt Electrodes and its
Influence on the Oxygen Transfer Kinetics

$.P.S. Badwal and F.T. Ciacchi
CSIRD, Division of Materials Science
Advanced Materials Laboratory
P.0. Box 4331, Melbourne
Austra\ia 3001

Abstract
Abstract

Electrode morphology plays a key role in establishing 02/02’ redox
equilibrium at the Pt electrodeloz‘ conducting solid electrolyte interface

* and is believed to be the major cause for the reported discrepancies in

the mechanism of oxygen transfer reaction. The temperature and the gas
composition to which these interfaces are exposed have a strong influence
on the electrode microstructure. In this paper a systematic study of the
effect of temperature, time of heat treatment, electrode thickness and gas
atmosphere on the electrode microstructure and impedance behaviour has
been made. The electrodes studied were sputtered Pt of different
thicknesses and three commercial pastes. ‘

For kinetic and microstructural studies the electrodes were depos1ted
on one or both sides of polished polycrystalline discs of yttria '
stabilized zirconia and heat treated for different times at 600, 750 and

900°C in pure oxygen. The influence of other gases (such as 0,/Ar, CO/COZ'

and COZ’HZ mixtures), substrates (such as sapphire, ceria, urania and
single crystal zirconia) and substrate preparation was also investigated
but for only one thickness of sputtered Pt. The electrodes in the as
deposited state have very high initial surface area, small crystallite
size (50-100 A) and extensive three phase contact boundary. The
crystallite size after heat treatment at 600°C was

< 0.1 ym but it increased to » 1.0 wm after the 900°C heating. The
sintering and grain growth of Pt particles led to increases in the time
constant and the electrode resistance. The relationship between
microstructure and the electrode behaviour was intricate. The electrode
arcs in the impedance plane were invariably skewed, dispersed and in some

cases two arcs were clearly separated. The optimum electrode thickness is-

a function of maximum temperature, time and gas- composition to which the
electrodes are exposed. For paste electrodes it was almost impossible to
reproduce microstructure and hence the electrode behaviour.

P1/B-1

NOVEL SOLID STATE POLYMERIC BATTERIES

A J_Pltrick. M D Glasse, R J Latham and lJliAg:exd
School of Chemistry, Leicester Polytechnic, PO Box 143, Leicester LEl 98H, UK

Subject to the lifting of s British Government secrecy order onl. patent

_application, we propose to present results on some novel room-temperature,

}ov current density solid state batteries. Voltage agsinst time charscter-
istice for loaded snd unloaded cells will be discussed. Conductivity data on
the novel electrolytes, obtained by complex plans snalysis will be presented
for a range of temperatures and stoichiometries. A minor modification of
conventional X-ray povder diffraction methodology will be described, and the
results of application of this technique to the electrolyte filas vill be
reporgod. Variable temperaturs optical microscopy studies and differential
scamning calorimetric measursments of the electrolyte materiale have bdeen
carried out and results will be discussed. The results of SEM/EDAX investig-
stions of cell components after discharge will be intnrprotcd in terms of
transport of electrochamical active material.

It is anticipated that the secracy order will be lifted in the near future,

at which time & more detailad abstract can be submitted for issue to
conference delegates.
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RECHARGEABLE SOLID ELECTROLYTE CELLS WITH A COPPER iON
CONDUCTOR, Rb,Cu:4I,Cl,s

0. YAMAMOTO, Y. TAKEDA, R. KANNO and Y. IKEDA

Department of Chemistry, Faculty of Engloeering
Mie University, Tsu 514, Japan

Solid electrolyte batteries are a promissing system for microwatt
rechargeable batteries because of the long shelf-life stability and of no
leakage after prolonged storage. In this study, the copper Chevrel phase
(CuxMoeSe) was examined as anode of the cell using solid electrolyte,
Rb.Cu;el,Clis. Further, various calcogenides with layered structure such
as metal disulfides, metal diselenides and metal ditellurides have been
examined as cathode materials.

The solid electrolyte, Rb,Cu,eI;Cl,s, was prepared by the method described
in a previous paper. The copper Chevrel phase and various metal
calcogenides were prepared by methods described in literatures. A mixture
of copper Chevrel phase and the electrolyte in 2: 1 weight ratio was used
as the anode. The cathode of the cell was a mixture of the electrolyte and
metal dicalcogenides. The cell was pressed at 300MPa to form a pellet in
13om diameter,

Anode The electrolyte, RbyCu,sI,Cl,s, was reported to be unstable in
contact with copper metal. The cells using the copper anode showed a poor
digcharge performance after they were stored for a certain period. However,
for the cell with the copper Chevrel phase anode, nc appreciable
deterioration has been observed after a certain period storage. This
suggests that the copper Chevrel phase is & good anode material for the
cell using the electrolyte, Rb,Cu,¢I,Cl,s.

Cathode The constant current
discharge curves of the cells

with the copper Chevrel anode

and metal disulfide cathodes 500
are shown in Fig. 1. The

cells with NbS, and TiS; show

better discharge performances . 400
than those with other cathode

materials. Yor: the cell with 3
NbSs, 0.3mel of copper is ~ 300
intercalated into NbS, to the &
cut-off voltage of 0.4V, 3
> 200
3

—

0 20 40 0 80 100 120
~ Time/h

Constant current(i00uA) discharge curves

of the cell CugMogSg/Rb,Curglg, gCly3,2/12

n: OM, eTa,
sM, am
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THIN FILM ARRAYS OF LITHIUM - PEO CELLS

J R Owen,* R D Rudkin and B C H Steele
Dept. Mét. and Mat. Sci., Imperial College, London SW7
*Dept. Chem. University of Salford, Manchester M5 4WT

Arrays of cells were formed by thin film techniques. The
positive electrodes, vzos. &eu ev-po;x:cd onto a pattemof Al
current collector pads supported on insulating substrates. (PEO)B
Licm‘ was dip coated onto the electrodes from solution in CH.JCN,
dried, and coated by evaporation with an array of !.;i negative
electrodes. Cr was applied as a current collector vhich was inert

to Li and gave some protection from the atmosphera.

A microcomputer was equipped with ui) to 16 D/A and 32 A/D
interfaces for simultaneous measurements on cells using a variety of
dis;:lurge/chngc progrﬁu. Some cells were selected f_ot conpl__c'x
impedance analysis in order to determine the relative limications

of electrode and electrolyte.

The mass production of cell arr;yl in thin .llth gcoictrin
matched to multichannel analysis hardware iru:iy increases the -
rate of device testing and, via lpoci;;.ly constructed C;lll. the
rate of determination of the thermodynamic and kinetic dats ‘d;n'.ch

relate to the reaction qt lithium with oxidizing materials.
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COMPLEX IMPEDANCE BEHAVIOUR OF THE CELL
Li | LICIO4(PC) | VgO4a

H. S. Maiti and N. C. Chak!anabigh
Materials Science Centre
Indian Institute of Technology
Kharagpur-721 302
India

VgO,3 has been prepared by control decomposition of
ammonium metavanadate (NH4VO,) in a specially designed glass
tube heated in air. This method produced better results than
decomposition in flowing argon, in which the product was usually
contaminated by a small amount of V,Ogz. For conductivity
measurement and cell fabrication, V40,4 powders were sintered at

500C in argon qsing S wt.% lead borosilicate glass powder as a
sintering aid. Sintered pellets showed room temperature (25°C)
conductivity of 4x107" ohm=! cm~!, which is slightly higher than
usually reported. .

Laboratory-type cells were fabricated with a lithium ribbon
electrode (thickness 0.4 mm) and sintered VgO,, pellats (thickness
~2 mm). Open circuit voltage of these cells has been found to be
between 3.4-3.5V, which is much higher than previously reported.
Complex impedance of the cell has been measured in the 13 MHz to
5 Hz range at different states of discharging and also with different
DC bias voltages. Interface resistance (~2 kq) is found to be much
!arger than the electrolyte resistance (~650 ). While the latter
increases only slightly, the former increases quite significantly with
the progress of discharge. Even though both the anodic and
cathodic interfaces contribute to the polarization, ditfusion at the
cathodic interface becomes rate limiting.

P5/B-5

IN-SITU FORMATION OF A SOLID/LIQUID COMPOSITE
ELECTROLYTE IN Li/12 BATTERIES

J.B. Phipps, T.G. Hayes, P.M. Skarstad, and D.F. Untereker
Medtronic, 6700 Shingle Creek Parkway, Brooklyn Center, MN 55430

The Li/I, battery is considered the prime example of a
commercially %vailable, solid electrolyte battery. In 1975
Greatbatch et. al (1) discovered that by coating the lithium anode
with polyvinylpyridine (PVP) the resistance of the LiI discharge
layer could be reduced by a factor of 10 to 100 as compared to
cells with uncoated anodes, thus greatly improving battery
performance. While several investigators have linked the improved
performance of PVP-coated batteries to microstructural changes in
the Lil electrolyte, the exact mechanism responsible for the
reduced electrolyte resistance was discovered only recently (2).

This presentation will report on the findings of a detailed
microstructural study of the discharge process in Li/I, cells,
which was undertaken to better understand the mechghinm of
enhanced performance. To accomplish this goal, a special Li/I
battery was constructed so that the discharge product was formea
between two glass slides as a thin, translucent layer. This
design made it possible to continuously monitor the electrolyte
formation process during discharge.

As reported previously (2), this study led to the discovery
of a liquid phase which forms a continuous capillary network
throughout the Lil discharge product, The liquid phase is formed
from an electrochemical reaction between the PVP coating, lithium
anode, and iodine. Moreover, this 1liquid is an electrolyte
through which 1lithjum ions can rapidly migrate. The reduced
internal resistance of Li/I, batteries with PVP-coated anodes can
be directly attributed to tﬂi presence of this liquid electrolyte.

Isolation of the liquid electrolyte for spectral analysis was
accomplished by constructing a “gas cathode” cell. This type of
cell was very similar to commercial Li/I, batteries except that
the iodine in the cell was present as a §as, rather than as the
normal I,/PVP cathode material. This innovation made it possible
to separite the liquid electrolyte phase formed during discharge
from the other battery components. . ’

It is evident from this study that the Li/PVP/I, system,
which was previously thought to be a classic example oi a self-
forming solid electrolyte battery system, uxcCtually belongs to a
new battery class; a class characterized by the presence of a
self-forming liquid electrolyte. A discussion of the unique
properties of this solid/liquid composite electrolyte system and a
time-lapse film of the discharge process in Li/PVP/I2 batteries
will highlight this presentation.

(1) W, gzeatbatch. R. Mead and F. Rudolph, U.S. Patent, 3,957,533
(1976) .

(2) J.B. Phipps, T.G. Hayes, P.M. Skarstad, and D.F. Untereker,
Extended Abstracts of the 166th Meeting of the Electro-
chgmicnl Society, New Orleans, Louisiana, Vol. 84-2, p. 258
(1984). ‘
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CONDUCTIVITY OF THE BINARY SYSTEM IODINE-PHENAZINE.

J.1. Franco (*); L. Perissinotti (%*) and N.E. WalsBe de Reca(®*#)

(*) CITEFA; (**) CIC and (***) CITEFA and CONICET,

PRINSO (Program of Resesrch in Solid State Physics of CONICET-

National Council for Scientific and Technologycal Research)

Zufriategui 4380. Vills Martelli, (1603), Buenos Aires, Argentins.

Abstract

The polarization phenomena in cells of the type
Ag/a or PAgl/1: Ar/C,under discharge conditions, involves
not only the known contributions in acqueous electrocha-
mistry, such as ionic migration or charge transfer, but
another phenomen due to the variation of the cathode re-
sistance. The vaste of the active component of cathode
(12) generates a concentration gradient of the halogen
in the electrode. Due to the strong dependence of its
conductivity with composition, important electric resis-
tances arise in the zones close to the electrolyte. This
fact points out the importance of studying the electrical
transport properties in charge transfer complexes as well
as their dependence with the electrode composition.

The aim of this work is to contribute to the unders-
tanding of the conductivity phenomena in the iodine-phe-
nazine system, between 5°C and 60°C and in the composition
range 0 < x, < 1. Conductivity measurements were per-
formed by tﬁ‘ four-point-probe method. The phase diagram
of the binary system shows an intermediate compound
I,~phenazine (1).

Conditions under which, the Lichtenecker rule is valid
for the conductivity of heterogeneous, ideal mixtures a-
re discussed (2). This rule is applied to results of con~
ductivity measurements, for the first time in this kind
of systems and in the whole range of compositions and
temperatures, ’

An extrapolated value for the conductivity of the com-
plex I,-phenazine of v (I,-Phen)= 3.55.107% S.can”! at
25°C and an activation energy of 1.37 eV are reported.

(1) J.1. Franco, L. Perissinotti and N.E. Walsle de Reca.
"Behavior of mixtures of iodine with anthracene, phe-
nazine and thianthrene", to be published in Solid
State lonics,

(2) K. Lichtenecker, Physikal, 2,25 (1924) 169,

P7/B8-7

SOLID STATE BATTERIES

J. R. Akridge and H. Vourlls
nlon Carblde Corporation
Battery Products Division

Technology Laboratory
P.0. Box 45035
Westlake, Ohlo 4A145

¢ (1,2,) {on conductivity vitreous solid
iscover 4 of high lithium lo

:r]‘.ee:c:ocl ytesy having good thermal stability and good ml@biiilttyhzﬂ
enabled the construction of high performance solid stac? L
batteries. The batteries to be discussed are all of the tor:n. e
electrolyte/cathode. The level of performance achieved to da eetc
current density, shelf stability, operating temperature range, oy
aproaches that obtained for lithium nonaqueous coin cells.

will be discussed. Data will be presented
E:E:ieflyngcg?::;:rcg?::rfomance as a function of current density ::g
temperature. Performance after long term shelf storage at ro&nl nd
elevated temperatwre will be shown. Microcalorimetry results w.
given to support claims of long term battery shelf life.

1. J.P. Malugani and G. Robert, Solid State Ionics, 1, 519 (1980)
2. J.R. Akrldge, U.S. Patent 4,465,746 (Auguat 14, 1984)
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mnm. HISTORY AND POLYMER ELECTROLYTE STRUCTURE: IMPLICATIONS FOR SOLID
ATE BATTERY

R J Neat, M D Classe, R G Linford
School of Chemistry, Leicester Polytechnic, PO Box 143, Leicester LE1l 9BH, UK

and A Hooper
Material Development Division, AERE Harwell, Oxon, England

f

Complexes of alkali metal salte with polymers are favoured ss electrolytss
in solid state batteries because they possess desirable mechnical properties
and adequats conductance, Both thess attributes sre structure-dependent.
Several factors affact structure; and we wish here to drav particular sttention
to thermal history. We report tha results of experiments that identify:-

1) the crystalline structure of soms slectrolyts films.

ii) the influence of tharmal history on the crystalline structure.

ii1)  che affect of .cural changes on conductance and mechanical
propertias. )

We have obsarved thres different partially crystalline regions (spheru-
lites) in our polymeric electrolyts filws, no mors than two of which occur

‘simultanecusly. These mslt over different temperature ranges and have diff-

erent conductivities. We viev the amophous contsnt of the spherulite as
providing the conducting pathway and the crystalline content ths structural
sciffoess.

Each spherulite type oot only melts sepsrately, but can also be recreatad
by controlled cooling or annesling. We will discuss:~

a) Whather the delibersts imposition of & time and temperature profils
can be used to control conductance snd mechsnical properties.

b) The possible affect of thermsl history imposed during prepsration
and operation of the battery system.

Volums changss occur during both crystallisation and mslting, and these
may be locallised and cause distortion. Such deformation could lead to a
rupturs of the contact with slectrodes under certsin circumstances. The
formation of s particuler spherulite type may produce changes on the overall
flexibility of the electrolyts material.

It is believed that an examination of the thermal history of the polymar
electrolyte may provide an explanstion of soms battery performsnce paramsters.

P9/B-9

THE PHOTO-.NTERCALATION BATTERY:

PROVRESS AND DIFFICULTIES

by T
G. Betz and H. Tributsch

Hahn~Meitner-Institut
D-1000 Berlin 39
Federal Republic of Germany

Results obtained with the first solar-powered intercalation battery;

+
Cu:‘PS‘ (hv)/Cu (acetonltrila)/CusFeS‘ are discussed.
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MICROMECHANISM OF FORMATION OF AMORPHOUS THIN FILMS OF L120-8203,
L1,0-S10,, and Li;0-P05 BY PVD

Li-Wel Zhang, M. Kobayashi and K, S. Goto
Tokyo Institute of Technology
Meguro-ku, Ookayama 2-12
Tokyo, Japan

The thin films of L150-B,04, L150-510,, and Li PZO systems have
been prepared i{nto amorphous st t;e by PVD process. 2P2%

The intention of the present work 13 to specify the molecules of
vapors and to measure the deposition rates. The micromechanism of the
formation of the thin films will be clarified in relation to the
composition and temperature of vapor sources and to the substrate
temperature.

The composition of the amorphous films has been determined by
chemical analysis and ion micro-analyzer. Furthermore, X-ray
diffraction was used in determining the amorphous state.

The results are suggesting that large molecules of interoxide
compounds are vaporizing out and the some fractions are depositing on
the films. The concentration gradient and pore distribution in the
thin films will be discussed.

p10/0-10

STRUCTURAL AND ELECTRICAL STUDIES ON TrE DEFECT PYRUCHLOKRE WMATEHIALS
Pb,. 4,0 .. (M eTa,Hb)

gn! C.R.A.latlow! A.santoro¢ B.C.H.Stecle!
(1) Department of Chemistry, U.C.L. Longon, U.K,
{2) Reactor Division, N.B.5. Giitherusberg, Maryluna, U.S5.A.
(3) DULepartment of Metallurgy ang Materials Science, imperial Coliwge,
Longon, U.K.

Since ‘the work of Van Dijk (1) which demonstrated the =xistence of
high oxygen modilities in the pyrochlore littice, materials with this
structure nave receivead increasing amounts of attention.ln :his
presentation we report a study of the structural and electricul properties
of thu asfective pyrochlorz structured compouncds Pb,.,M,0, . where M is
2ither tuntalum of niodfum.

The structural properties were probed using neutron diffraction

‘techniques.Powder diffraction patterns were taken on the high resolution

dirfr.ctom2ters at the H.B.S. Washington and 1.L.L. Grenoble . Processing

the dat. using th2 Rietveld refinament tschnique(2) led to strustures

displaying 'large amounts of unordered vacancies on the oxygen
subiattice.The eicotrical conductivity of the matérials was investigated

via impecenze techniques. Even 3t high tedperatures {(700°C) the samples:
arg predominantly electronic conductors, with only a smali iomg

contribution to the total conaductivity.

wner=as no evidence for defect ordering coula be extracted from the |
Bragg aiffraction cata scts , an experiG@nt on the ditfuse acuttering
diffractomz2ter DT,at th2 [.L.L. revealed the presence of extensive’
vacuncy ordering .The ditinution of the ionic conguctivity from the valuecs’
anticipatea for a defcet pyrochlore can be explained in terms of the
ordered defoct structure rivealed in the diffuse scattering experiment.

A model will be presented to explain both the evolution of the defect
structure und 1ts relationsnip to the observed dsfect mobilities.The
central feature of the model is the existance of a competition batween
interactions such as those betwaen the lone pair electrons of the lead
10n3 3nd the vacanci=2s in the lattice whicn arive the formation of non-
stoichiomeiry and vacanly-vacancy rcpulsion interactions wnich oppose
dafect incorporation in the lattice.

(1) M.P.van Dijk , K.J.d2 Vries and A.J.Burggraaf
Solia State lonics 9/10 913 (1953)

(2) H.M, Rietveld J .Applied Cryst 2 65 (1959)
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ELECTRICAL TRANSPORT IN NiO - CeO3 MIXTURES

Y. B, Tars
Department of Metallurgical Engineering
Institute of Technology
Baranas Hindu University
Varanasi ~— 221005, INDIA
- and
G. M. Mehrotra and
" Center for Solid State Science
and Departments of Chemistry, Physics and
Machanical and Aerospace Engineering
Arizona State University
Tempe, AZ 85287 USA

In recent years, there has been considerable interest in the study of electrical
transport in two-phase mixtures due to their technotogical importance. Anomalous
electrical conduction behavior in NiO containing uniformly dispersad metallically
conducting, sacond phase particles of Ni3S2 or Ni has recently been reported.

The presant paper describes the results of our measuremants of total electrical
conductivity of the two-phase NiO - CeO mixtures as 3 function of composition
and temperature (600° - 1000°C). The variation of specific conductivity and of
the activation energy for conduction with composition shows & small deviation from
ideal behavior at the CeO 3 rich compositions. The results are explained by postu-
lating the trapping of transporting species at the NiO - CeO; interfaces.

pl2/0-12

THE EFFECT OF THE UMIDITY ON THE ELECTRICAL-CONDUCTIVITY OF "AS RECEI-
VED" COMMERCIAL Zzr0 /Y 0. - DOPED SOLID ELECTROLYTE. j

Ca

F.Croce: ENEA-CRE-Casaccia, DIP/TIB, Divisione Chimica
00060, Via Anguillarese 301, Roma,Italia

Thé electrical conductivity is one of the ‘most imsportant properties

of the practical solid electrolytes.

In these materials there is a close relation between the conductivity

and the defect structure: ) ] )

~.the concentration and the mobility of the predoainant defects
.influence directly the conductivity.

This latter experimental quantity is principally affected by:

- temperature, oxygen partial pressure, coaposition and aicrostructu-
ral features of the material. - )
Furthemore, in many practical applications as oxygen sensor, ' the
solid electrolyte is in contact with an hydrogen taining atm ',‘ ..
As in these conditions a water shift equilibrium is established,
it seems to us very interesting to study the electrical conductivity
of the polycristalline sinters exposed to inert gases with different

moisture concentrations. ' C

The poster will concern with the electrical properties of sintered
Zr0, /vzoa used as solid electrolyte in the commercially available
iuilun oxygen sensor’ for 1iquid steel and furnace gaseous atmosfere.
The X-ray spectra and the SEN photopraphs of the sinters will be
preliminary shown. . »
Then their bulk and grain boundary conductivities, obtained by impen-
dence spectroscopy analysis, will be reported as function of the
temperature, oxygen and/or watsr partial pressure.

Finally the transport nuaber determination results, obtained by
EMF measurements, will be illustrated too.

* FER- Ceramica Industrisle S.p.A.
20038 Seregno (MI) Via Pacini, 49
Italy
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HIGH OXYGEN ION CONDUCTION OF A BISMUTH OXIDE~ CADMIUM OXIDE PHASE :
CONDUCTIVITY AND TRANSPORT NUMBER MEASUREMENTS ; STRUCTURAL INVESTICATIONS

T. GRAIA, P. CONFLANT, J.C. BOIVIN and D. THOMAS

. Laboratoire de Cristallochimie et Physicochimie du Solide (UA 452)

ENS de Chimie de Lille
B.P. 108 59652 VILLENEUVE D'ASCQ CQdex (FRANCE)

Bismuth oxides and bisouth-based wmixed oxides are known to exhibit
high oxygen conduction at moderate temperature (1-3). Up to now threee dif-
ferent structural types have been investigated :

- The fluorite structural type

It is the structure related to the high temperature - form of
Bi 0, ( 6 ) ; it can be stabilized towards room Cemperature by addition
of“a’rare-earth dopant to Bi 0 (&)

- The rhomobohedral struceurnl type

It results from the addition of an earth alkaline (Ca, Sr, Ba) (5)
or rare earth (6) cation to 81203
- The bcc structural type
It has been observed when lead oxide is added to bismuth oxide and
occurs ov a wide range of composition. Coaductivity values as high as
1( 2 .cm)” at 870 K are reached (7).

Unfortunstely, the later cannot be stabilized down to room teampera-
ture. That difficulty can be overcome when cadaium is used instead of lead.
The paper reports the synthesis conditions, stability range, conductivity
measurements by complex impedance technic, snd transport cusber wmeasure-
ments by e.a.f. method, of a bumth cadmium oxide solid eolution which
exhibits the b.c.c. structure.

Results of single crystal X-ray investigations using a four circle dif-
fractometer will also be described. .

1- TAKAHASHI, T. and IWAHARA, H., J. Appl. Elac:rocheu.,z (1972) 97

2- HARWIG, H.A. and GERARDS, A.G., J. Solid State Chem., 26 (1978) 265

3- V!RKERK M.J., KEIZER, K. and BURGRAAF, A.J., J. Appl. Electrochew., 10
(1980) 81

4- CAHEN, H.T., VAN DEN BELT, T.C.M., DE WIT, J.H.W. and BROE®S, G.H.J.,
Solid State lomics, 1 (1980) 411

5~ BOIVIN, J.C. end THOMAS, D., Solid State Ionics, 5 (1981) 523

6- IWAHARA, H., ESARA, T., SATO, T. and TAKAHASHI, T., J. Solid State
Chen., 39 (1981) 173

7- HONNART, F., BOIVIN, J.C., THOMAS, D. and DE VRIES, K.J., Solid State
Ionics, 10 (1983) 921
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A NEW PHENOMENON - THE INDUCTIVE IMPEDANCE IN
Bi,O4-BASED OXYGEN IONIC CONDUCTORS

Guan-Yao Meng, Ming Zhou and Ding-kun Peng
Department Applied Chemistry
University of Science and Technology of China
Heifei, Anhui
The People's Republic of China

The AC impedance and admittance measurements on the
samples of a number of binary and termary Bi,O,-based oxide
systems were made in the frequency range of § Hz to 1 MHz and the
temperature range of 250°C to 800°C. it was found that, in the
lower temperature region, all samples showed a standard complex
piane plot which could be represented by an equivalent RC parailel
circuit and, in the higher temperature region (typically higher than
~550°C), showed an unusual inductive impedance: impedance
spectra in the higher frequency region were an aimost vertical line
below the real axis and the respective admittance spectra were a
nearly perfect semicircle below the real axis. This unique
phenomenon has not been reported in the current literature on solid
electrode—electrolyte systems. The fact that it was independent of
the sample preparation method, the nature and amount of the
dopants, electrode material and measuring instrument systems
indicated that the above phenomenon was a feature of Bi;O5-based

materials themseives.

An LRC equivalent circuit was proposed and, assuming that L
and C are independent of temperature, a good description of the
electrical behavior was obtained. The existence of inductive
impedance along with bulk resistance implies that the motion path
of oxygen ions in Bi,O;-based oxygen ionic conductors is
screw-like, which is surely related to its crystal structure. Obviously,
the new phenomenon discovered in this work is of certain
theoretical and practical significance, and is worth further study.
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CHEMICAL DIFFUSION IN CALCIA-DOPED
ZIRCONIA CERAMIC

Shixue Dou
Department of Chemistry
Northeast University of Technology
Shenyang, China

C. R. Masson
Atlanti{c Research Laboratory
NRC of Canada, Halifax. NS

P. D. Pacey
Department of Chemistry
Dalhousie Univeraity
Halifax, NS Canada

Abstract

Chemical diffusion of oxygen in Calcia-doped zirconia (CS2) with
impurities of Al;0,, S10,, Mgo, Fe;0, and T10, was studied by the non-
steady state perm auon and the desgrpuon techniques at 960-1450°C.
The concentration of excess oxygen in CSZ was found to be proportional
to the content of iron oxide within experimental error. The electron
holes were largely contributed from converting Fe;. to Fe'z.. The
chemical diffusion coefficlient, D, was found io be 1nversely
proportional to the relative deviation from stoichiomety, and to
Increase with increasing Py, . The results were consistent with a
trapping mechanism in which the holes are divided into free and trapped
ones. D is reduced by the trapping factor. The time constant of
equilibration processes with a surounding atmosphere {s increased as
the concentration of the trapping centers is increased. The CSZ
electrolyte free of F9203 gives fast response in EMF.
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Tepetactic loln Reactions of One-Dimensional Teruary Mo Nen-
Chalcogenides Mo X (X = 80.1‘0) y
4. M. Tarascon

Bell Communications Rescarch
Mourray Hill, New Jerssy 07974

Over the lmt few yean low-dimensional compousds such ms NbSe, or MX,
(M = transition clemeat; X = S¢,Ts) have geacrated a grest deal of interest for their
potential application as cathods in socondary lithium cclls. Receatly we reported the
synthesis of asw one-dimensional termary molybdeaum chalcogenides (Li,Mo,X,) which has

o structurs that can be thought of as composed of (Mo,Se,)] chains separated by two rows of '

lithium stoms. The ciose structura) relationship betweea this compouad end the ones slluded
to sbove may suggost that Mo, X, can alio act es host with respoct to lLithium. Here we will
repont the chemical and electrochemical imsertion of lithium ito MoX, (X = Se,Te) using
n-Buli as reagent and swagelock test cells, respectively. The starting materials (Mo, X,) were
prepared st 480°C by oxidation of In,Mo,X, under & HCl flow. Cycling data show that
Mo,X, can taks up reversibly 2.3 lithiums dows 10 1 volt aad furthermars indicats that thess
colls contain their capacity over several cycles (20 is the maximum thet we have tried). The
discharge curve exhibita two slopes with a break mear s« 1.3, We will show that this
bebavior s closely related © the basd structurs of those msteriah. Reactios with a-Bull
confirms the electrochemical data yislding compounds of formuls Li, JMoX,. Purthermors,
X-ray diffraction mecsussments of the lithistad phases indicats that Mo X, can sccommodats
reveraibly 2.5 lithium without structural changs (¢.q. the basic chais structure s maintained
on lithistion). The slectrochemical iasertios of sodium into the Mo X, compounds will also
be presentsd and discussed.

P17/EM-10

ELECTRIC AND ELECTROCHEMICAL PROPERTIES OF SOME OXYGEN CATALYTICALLY ACTIVE
ELECTRODE MATERIALS.

A.J. Burggraaf, M.P. van Dijk, K.J. de Vries.

Laboratory for Inorganic Chemistry, Materials Science and‘Cacalysls.
Twente University of Technology, P.0. Box 217, 7500 AE Enschede,
The Netherlands.

It has been shown (1-5) that both the nature of the surface of the oxidic
electrolyte and of the electrode metal plays an important role in gas
electrode (redox) reactions. This is especially true at higher

temperatures.

A better understanding of electrode reactions is of prime importance for
designing good electrodes for application such as fuel cells,

electrolysers, sensors and oxygen pumps, and may lead to oxide electrode
materfals without the use of noble metals. The literature is rather
confusing however and there 1{s no general agreement on the rate controlling
steps under specific conditions.

Oxygen vacancies, the occurrence of electronic conductivity and the presence
of {catalytically) active sites most probably play an important role (1-6).
In this paper we shall present some new results concerning the effect of
ordering and of mixed (lonic and electronic) conductivity on electric and
electrode properties of some zirconia and ceria based oxides with fluorite
or pyrochlore structure. Results of a detailed study of the defect chemistry
and of the electrode properties within the systea Tbxcdx-12r201.shnll be
presented and shall be coapared with preliaminary results of ceria based
mixed conducting electrode materials.

Lit. ref.
1. EJJ.L. Schouler. Solid State Ionics 9/10 (1983) 945,
2, a. M.J. Verkerk, M.W. J. Harmtnk. A.J. Burggraaf, J. Electrocheu. Soc. 130
(1983) 70.
b. M.J. Verkerk. Ad. Burszrazr, ibid, 78.

3. A.J.A. Winnubst, A.H.A. Scharenborg, A.J. Burggraaf, Solid State Ionlca
14 (1984).

4. H..Isaacs, Z.Y. Olmer, J. Electrochem. Soc. 129 (1982) 436
5. E.C. Subbarov, Solid State Ionics 11 (1984) 317.

6. M.P. van Dijk, A.J. Burggraaf et al., Hut. Res. Bull. 19 (1984) 1149,
1271 (part 2).
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DOPED CATHODES FOR ZIRCONIA BASED
WATER VAPOR ELECTROLYZERS

E.J.L. Schouler, J. Oumari, A. Hammou
Laboratoire d'Energétique Electrochimique
LA CNRS 2635
E.N.S.E.E.G. B.P. 75 - F. 38802 - St Martin d'Heres - France -

SUMMARY

This work dealt with the improvement of the water vapor
reduction in stabilized zirconia based cells by doping the cathode interface with
the Cel"/Ce" redox couple. A preparation technique of such an interface trans-
posable to an industrial scale is proposed. It consists in coating porous zirconia
substrates by spraying a dilution of ceria in water prior to high temperature
sintering. Automatisation of the spraying phase guarantees the homogeneity
and reproducibility of the layer.

The catalytic activity of the doped interface has been
studied by impedance spectroscopy in dynamical conditions. Besides the nature
of the electrode material, the temperature, the concentration of the vapor,
the major parameter of the study was the concentration in cerium. It has been
shown that the maximum efficiency of the daped interface was cbtained for
a concentration in cerium ranging between 4 and 10 weight percent. The results
has been analyzed by considering the relative contribution of the ionic and elec-
tronic conductivities of the electrolyte surface.

The stability of the doping effect has been studied with
respect to time, current density and repeted oxydo-reduction cycling.

P19/EM-12

Mmlr PROPERTIES OF THIN FILK 1'182
D. A. Zehader, B. Dggp snd R. F. Bunsheh
Depectment of Materisls Sciense and Ragimseriang
Oaiversity of Califorais, Los Asgeles, CA 90024

- The transport properties and electrochemiosl behavior of thia film Ti$
material were igvestigated. The thim filme were produced by eveporatisg
titanium in the presence of ss H,S plasma (aetivated reactive evaporation oz
AREB). This process sllows thia films (2 micronms thick) of demse, meezly
stoichiometzic T13, to be deposited o0a s variety of ssbstrates. Im the exper—
iments creported Bere, both sapphize and soda-lime glass ssbstrates were
employed. The films exhibited s preferred orleatatioa with the c-sxis of 'nsz
aligned pacsllel to the plase of the sobstrate. The filas displeyed s fines
grained microstructuce in contnli to the mesdle—-1ike morphology prodsced by
chemical vapor deposition methods™’

The 'ﬂsz films conld de lithiated bdoth chemically, with m-butyllithium,
and electrochemically. For the latter case am electrochamical cell wsimg TiS

‘thin films was constructod. Openm oizcuit voltages recordsd for the composi=

tion limits of this msaterial were: +1.73 V for Li vs l.t‘l‘l!2 asd ¢2.71 V for Li
vs. TiS,. These valwes sgrpe well with those reported -for. this film ‘l’lli
prepaged by CVD techniques.” Prelimimery cell cyol iag experimests show limite
lithioe reversidility, howsver, sdditionsl measuremesnts sre ia progress.

The thin film configeration is quite comvemiest for momitoring the
electrical properties of TiS, during slectrochemical operation. The electri-
cal conductivity valuss for ziu tila r;sz sy 131 oxcelleat sgreemeat vwith
data published for bulk Ti (~1 X 10" oda " ca © a8t 300 K). Is sddition we
found that the intercelatioa of lithiwm did not affect the magnitude of the
electrical coaductivity. There vwas no evideace of asy sppreciadble ilosic conm
tributions to the condsotivity of Li Ti as 2 =F 1. Initisl messuremests of
Li* diffusion soggest & substantlaill Llover diffusion coefficlieat ia this
films as compared to bdulk materisle. The origim of this behavior sad the more
gensral issus of how film stoichicmetry ead morpdology iafleence L1’ diffusion
will be preseanted.

This work was supported is part by the U.S. Army Research Office.

1. K. Kaochori, K. Matsumoto, K. Miyemchi and T. Kudo, Solid State Ioamiocs
9/10, 1443 (1983).

i
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TITAMIUM DISULFIDE FILMS FABRICATED BY PLASM
A c ) BINARY AND TERNARY Li-ALLOYS AS ANODE MATERIALS TN RECHARGABLE ORGANIC
Keiichi Kanehori, Tukio Ito, Fuaiyoshi Kirino FIECTROLYTE. Li-RATTFRIFS
Katsuki Mivauchi and Tetsuioni Kudo .
Centrsl Resesrch Laborstry, Mitschi Ltd. %&-ﬂiﬂ%‘%ﬂi I: K;me“d:; A P;“;"? | University of Munich
(P.0. Box 2, Xokubunji, To 1 n norganic Chemistry Deparcment, Tachnical Univ Munich,
. Ji, Tokyo 185, Jspan) Lichtenbergstr. 4, D-8046 Garching : '

Thin . film secondary lithium batteries are regarded as one of the most M. Josowicz,
desirable types of microbatteries for various kinds of electronic devices Department of Bioengineering, Untiversity of Utah,
due to their high energy deasity, high relisbility and good Salt Lake Cicy, Utah 84112, USA
rechargeability. R ’

' Various intermetallic phases containing lithium are characterized by high Li-

Titanius disulfide 1is well known as & cathode material for secondary mobility; the chermodynamics and transport properties of many of these phases
lithium battsries. However, when TiS, i3 to be used as a cathode film, 1t have been investigated carefully because they are candidates for anode na-
should have the preferred orunuuoi wheredy the crystallographic c-axis terials in rechargable Li-bacteries. In fact cthere are several binary and
is puuual to the substrate plane. The suthors previously reported that ternary Li-alloys which meet reasonable energy density and power densicy re-
such nsg films can be fsbricated by CVD using TiCl, and H,S, and the cel], quirements even at room temperature, among them slloys with il, In, Ga, Sb,
L/LLy 31y 6P, 404/TLS, » has sufficient poteatial for usé as o secondery Bi or Bi-Sn. :
lithium battery. In organic elecctrolytes, however, the boccleneck preventing a practical appli-

cation of these anode materials is the poor deep cycling and storsge stabili-

™ ty; this is related with surface reactions and morphology changes. Surface
“".r:n‘“}:-f:;::‘:;nm:.::::;“::l ?V‘;. :i::'.::::?::.ﬂb.gc:::‘: filming e.g. of B-LiAl in LiCl0, propylene carbonste (PC) electrolyces effec-
by plama. From this point of view, it is expected that stoichiometry and tively prevents bulk corrosion - but this filming is an irreversible reaction.

1 During cycling new surfaces are crested persanently and slectronically insula-
:.:::::::::‘;:1“:::?."“. of nsl films may be improved by using PCVD as s ting substances are accusulated on the electrode. Moreover, cycling of uasup-

ported LiAl causes the material to become spongy and poorly adherent. Finslly,

in inductively ocoupled PCVD apparatus wes used for fabricstion. The the contact area inert substrate/LiAl is very sensitive to desp cycling.

:i::::imtf:n::uf“n'&: f::?:;::“::.’gn.ﬂ:::l:::' :: ::lo:.o:"‘l‘:;- There are ways to improve at least by small steps the three crucisl points:
and had s strong orientation of the crystallographic c-axis parallel to thé 1) surface filming, ii) morphology changes, iii) contact to imert substrate.
substrate plane by X-ray diffrsction analysis. The composition of the
PCVD-fila and CVD-fils , which were fabricsted under the condition of

(nzs)/(na'). T.4, were T4, .3, and Tt‘.o.,sz. respectively. It was found

Nonresctive surfactants such as paraffines csn support very much the protec-
tion of Li-alloy surfaces against attack by the electrolyte. This is a rever-
sible adsorption process which doas not use up the surfactsat (1). Paraffi-

that the composition of the PCVD=film became =more stoichiometric. nes even protect Li-In surfaces in LiC104/PC; without paraffine additives
Furthersore, moa(uzs)/(nm.)-u changed from & to 12, the composition Li-In alloys sre quickly-and quantitatively oxidized dy LiC104/PC.
changed slightly, 1.e. Ti, .8, to T1, o, 3.. It was thought that thess Morphology changes ¢.g. of 8-LiAl active msterisl can be significsatly re-
effects were due to- the high concentration of the sotive sulfur spesies duced by embedding it in a nonresctive or st least much less reactive matrix..
produced by plasma. When e.g. Si-containing Al is used as base materisl for 8-LiAl, the Si=»
fraction is practically nonreactive at room tempersture. The disadvantage of
Thin fils cells for messuring electrochemical properties were prepared reduced Li-mobility in Si-contaminsted Al is overbelanced by the such less
by depositiag Lty (S, (P, O, electrolyte fila and Li anode fils se- sorphology changes during long-ters cycling.
quentially through sputtering method snd vascuum evaporation. The appsrent The mechanical and electronical contact inert substrate/base setal of Li-
chemical diffusion coefficient of L1 in the PCVD-film was 10" o2 /8, whioh alloy is in general destroyed when the supply of base metsl is completely
wAs larger than that of the CVD-fils. This improvement should bo' due to consumed. Mecallic coupling agents which can creste )-dimenstionsl interfaces
the fact that the PCVD-film "“.u!‘ less excess Li, Discharge capecity improve the contsct and allow deep cycling of the slectrode. An ideal coup-
{2.5-1.5 V) of the gell usiog Tpm® PCVD-film was 903 of the theorstical ling sgent alloys with the inert substrate as well as with the base metal of
capaoity st 200 w'i. mu! wes large compared to the capacity of the the, Li-alloy. The latter is diluted by the coupling sgent snd its concentra-
CVD-film, i.e. 558-160 mA/m®. This result coincides with the f:“ that tion gradually goes to zero on the substrate side of the 3-dimensional iater-
the PCVD-fila has larger chemioal diffusion coefficient face. In the simplest case the base metal of the Li-alloy is diluted by
* alloying with the inert substrate itself; e.g. deep cycling of B-LiAl on 8
In conclusion, this study revesled that TiS, films having prefersble Ti-substrate is much improved by s Ti-Al alloy iaterface (2).

orystallographic orientstion, nearly uo!.nht&otﬂo composition end
desiradble eleotrochemical properties oan de fabricated by PCVD,

.P. Fritz, J.0. Besenhard, Ger. Offen. 28 34 485
.0. Besenhard, E. Wudy, H.P. Fritz, Ger. Offen. 32 30 410
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LITHIUM THERMODYNAMICS AND KINETICS OF THE GAMMA
LITHIUM VANADIUM BRONZE STRUCTURE

Boryann Lisw, lan D. Raistrick snd R.A. Huggins

Departnent of Materials Science and Engineering
Stanford University
Staaford, CA 94305

The reaction of lithiua ;1:h llkulil msstal vanadium bronzes has been
studied recently by several investigators, as thase saterfsls are of interest
as possible positive electrode constituents in both’ lo_ud state and aolten
salt slectrolyte secondary lithium batteriss.

There are several different structures ian both the pure lithium vanadium

" bronzes and aixed alkali bronzes, and lithius insertion and deletion has been

found to occur in thea, in some cases at high rates and over appreciabdle
ranges of composition. These usterials also typically have low lithium
activities, and thus high voltages compared to lithium,

Its layer-like atomic arrangement and high voltages versus lithiun make
the gaama phase structure an especially attractive electrode reactant for use
in lithium aystems. Two types of sites between the vanasdium-oxygen chains are
occupied by ths inserted lichium fons. At least one of these can be deleted
cather easily. '

Electrochenical methods have been employed to deteruine tha equilibrium
potential-composition relacions, and dats will be reported on the equilibrius
electrochemical titracion curve. In addition, the chemical diffusion coeffi-
cient has been measured st sevaeral compositions by the galvanostatic transient
technique,and aleo by the use of AC impedence methods. These kinetic para~-
meters are siailar to those previously found in materisls with the bets
structure.

p23/BA-9
. 3¢
LUMINESCERCL OF €r” IN Bila-ALLMINA CRYSTALS.

G. Mariotto, M. Muntagna and F. Rossi

Dipartimento di Fisica, Universitd di Trento, 38050 Povo (ltaly), and
Istituto per la Ricerca Scientifica e Tecnologica, 38050 Pove (Italy).

Luminescence spectra of Cr3' doped beta-alumina crystals, containing
various conducting monovalent cations, were taken at different temperatures
between 4.2 and 300 K. From luminescence excitation spectra we obtain a
level scheme similar 50 thzt of ruby, where the emission lines are inter-
preted as due to the E ® A_ transition of Cr~ ion, substitutional for
the Al ion in the octahedral sites of the spinel block structure. We use
time-resolved spectroscopy technique in order to separate the contributions
from non equivalent centers, characterized by lifetimes ranging from ~1 ms

to ~60 ms.

The shape of the emission lines, showing characteristics intermediate
between those observed in ordered crystals and in glasses, reflects the a-
nomalous nature of the host system: a crystalline matrix with high degree.
of disorder in the distribution of the monovalent cations over the sites
of the conduction plane, separating two adjacent spinel blocks.

Enersy'peaks and 1ineuig£hs due to the inhomogeneous broadening of the
observed lines depend on Cr ion site and on the composition of the host
crystal, being sensitive to the different substitutional wonovalent ions.
Homogeneous linewidths are, also, measured by fluorescence-line-narrowing
technique as a function of temperature.

We discuss the observed inhomogeneous and homogeneous broadenings in
terms of static disorder and of dinamics of the mobile cations, respectively.



€L

p24/BA-10

AN ALTERNATIVE FABRICATION ROUTE TO H,0° B"-ALUMINA via
i, /150" B"-ALUMINA

2 3

John O. Thomas,1 Garry J. McIntyre® and John DeNuzzio

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

ZInstxtut Laue-Langevin, 38042 Grenoble, Cedex, France

3Department of Materials Science and Engineering K1, University
of Pennsylvania, Philadelphia, PA 19104, U.S.A.

Of the protonic 8-/8"~aluminas so far investigated the mixed-
-ion system NH ’/H3O' g"-alumina is the best conductor of
protons: o-Tx18-40°%1cm-1 at 30°C, rising to -2x10-20-cm-)

at 200°C (Ref. !). An earlier single-crystal neutron diffrac-
tion study has exposed the detail of the network of NH4* ions,
H10* ions and H;0 molecules contained in the conduction plane
(Eaﬁ. 7). Extending this work to higher temperatures has in-
dicated that the decomposition {earlier shown by TGA methods to
begin above 200°C) involves the loss of NHj from the conduction
plane; the remaining proton forming a OH™ group on the spinel
block (Ref. 3). Recent o-measurements made on powders indicate
that the conductivity falls as deammoniation proceeds; approach-
ing the value observed for H3O* 8"-alumina at higher tempera-
tures (Ref. 4).

In the work reported here, a large single-crystal has been
heated in air at 350°C for 21 days, followed by a heat treat-
ment at 250°C for 3 days in one atm. of water vapour. The aim
here was to create an H30' B"-alumina crystal whose structure
was then investigated by neutron diffraction at the ILL,
Grenoble. This structure will be discussed and compared with
the results of a study of a crystal of D30* 8"-alumina made
by acid exchange of Na* g"-alumina in conc. D3S04.

Re(énzncea

1. G.C. Farrington, K.G. Frase & J.0. Thomas. In Advances 4n
Matenials Science, 1984.

2. J.0. Thomas & G.C. Farrington. (1983) Acta Cayst. B39, 227

3. J.0. Thomas, K.G. Frase, G.J. McIntyre & G.C. Farrington.
(1983). Solid State lonics, 9/10, 1029. .

4. J. DeNuzzio, To be published.
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THE Eu>" + Eu?’

REDUCTION PROCESS 1IN Eul’ B"-ALUMINA

Wilder Carrillo-Cabreral, John 0. Thomas' and

Gregory C. Farrington®

1Instituce of Chemistry, University of Uppsala, Box 531,
§-751 21 Uppsala, Sweden

2Department of Materials Science and Engineering K1, University
of Pennsylvania, Philadelphia, PA 19104, U.S.A.

Ion exchange of Na® 8"-alumina crystals in EuCl, and EuCl3 at
elsvated temperatures has been demonstrated to produce

Eu®* 8"- and Eu3* B"-alumina. Both materials have furthermore
been shown to fluoresce (yellowish green and red, respective-
ly) under UV-light (Reé. 1). Preliminary experiments have also
shown that heating Eu3'? B"-alumina in vacuum produces a change
in the fluorescence from red to yellgwish green under UV-light,
suggesting a reduction of Eu3* to Eu’* ions.

In this present work, single-crystals of Eu2* 8"- and Eu3*B"-
-alumina have_ been studied by X-ray diffraction, as well as a
crystal of Eu’* B"-alumina after heating in vacuum at 1000°C
for 15 h.

In both Eu?* B"- and Eu3*8"-alumina, the majority of Eu ions
(83% and 96%, respectively) occupy mid-oxygen (9d) sites. This
is by far the largest mid-oxygen occupation yet observed in a
divalent B“-alumina. The study of the heat-treated crystal in-
dicates the creation of a significant quantity of both Al and
O vacancies, suggesting a high degree of disruption in the
crystal. This has been confirmed by recent HREM measurements
on the same crystal (Ref. 2).

References

1. B. Ghosal, E.A. Mangle, M.R. Topp, B. Dunn &
G.C. Farrington. (1983) Sofid State lonics, 9/10, 273.

2. A. Petford. Private communication.
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ON INTERACTIONS BETWEEN H,0 MOLECULES AND MOBILE. M* IONS
(M*=Li.Na* Ag*, K* Rb* Ti*) OF BETA ALUMINAS

J. Garbarczyk, W. fakubowski and M. Wasiucionck
Institute of Physics
Warsaw Technical University
Koszykowa 75, 00— 662 Warszawa
Poland

Qur previous investigations (conductivity and TGA/DTA measurcments) have
shown that kind of mobilc ions strongly affected rate and extent of water absorption
by beta”alumina. This uptake was the most pronounced for Li* beta“alumina, less
for Na* beta"alumina and almost negligible for the Ag* —isomorph. Other authors
have rcported that also beta /beta”/ alumina with K*. Rb*. or Ti* mobile ions
practically do not absorb. waier. although the widths of conduction -slabs in these
isomorphs arc larger than in Na* beta alumina. Al these results strongly suggest that
sirength of watcr bonds to beta/beta”/alumina depends mainly on H10~M’

intcractions and it decrcases for larger M* ions.

To explain this, we assumcd simple model of two-body interaction between
H,0 dipole and M*.ion (M* =Li. Na*; Ag*. K*, Rb*, Ti*). igto the twtal
potential of interaction we included three following teoms: :
i) electrostatic awraction between H,O dipole and M *cation
iidelectrostatc attraction between induced dipoles and
it} short-range Born-Maycr's: vepulsion.
The minima of calculated potential curves gave values of theoretical encrgy of
M* -H.O bonds. For Li* - H,0 interactions it is cqual to 1.1 ¢V, being in good
agr with cxperi | rcsults having becn rcported for hydrated Li* beta
alwmina. It is also interesting, that cquilibrium distances for Li-*HIO and
Na* --H,0 pairs arc less than 3.2 A (i.c. 6c-6c distance of beta “alumina). On the
other hand the M’—HIO (M* =Ag*, K*, Rb*, Ti*) cquilibrium distances arc
longer than 3.2 A and binding cnergics much sinaller than in the cases of Li* and
Na* ions. ‘This scems (o be responsible for negligible water uptake by Ag*, K¥,
Rb* and Ti* betasbeta”/alwninas.

The presented model predicts that binding energies of H,0 dipole with Mt
or M¥* mobile ions depend not only on sizes of the cations but also on their charges
and  polarizabilitics. :

The role of weak hydrogen bonds (€02 eV) between H,O molecules and
ovygen fons from spincl blocks of beta alumina, will be discussed in the paper.

P27/BA-13

‘ CONDUCTIVITY CHANGE DURING THE REPLACEMENT OF SODIUM BY

SILVER IONS IN POLYCRYSTALLINE BETA"ALUMINA

M.W.Breiter and M.Maly-Schreiber
Institut fir Technische Elektrochemie, TU Wien, 9 Cetreide-
markt, A-1060 Wien,Austria

B.Dunn '
Department of Materials Science and Engineering, UCLA,
Los Angeles, CA 90024, USA

The longitudinal conductivity was determined by a four-probe
technique at 1000 Hz as a function of time during the replac-
ement of sodium ions by silvst ions from the inside of a
closed end tube at about 300 C in molten silver nitrate. The
melt was periodically removed by a preheated pipette before
the resistance measurement and added again afterwards. This
procedure eliminated the contribution of the co-conductance
of the melt and assured a fresh melt for each time interval
of exchange. Similarily the radial conductivity was neas-
ured during the exchange starting from the outside. An ex-
change of the melt was not necessary here. The conductivity-
time curves, resulting from both measurements, display a
minimum with a conductivity value below that of silver beta"
alumina. Simple considerations show that such a minimum
should not be observed. It is suggested that the minimum
results from the slow diffusion of sodium ions through
regions which are largely exchanged to silver beta“alumina.
These regions are partly located close to the surface of
crystallites,which possess a mixed, non-equilibrium comp=-
osition, and partly inside the grain boundaries.
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8 ard 8" aluaina - Structure, lecal order and conductivities.

G. COLLIN (a) ,v J.P. BOILOT (b), Ph, COLOM3AN (b), R. COMES (a)

{a) Labo de Physiqua du Solide, Univarsité Paris Sud, B4t 510, 91405 Orsay
France. .

(b) Groupe de Chimie du Solide, Laboratoire Physigue Matidre Condensée
Ecole Polytechnique, 91128 Palaiseau, France,

B8 and 8" alunina type materials provide host lattices stable and inext
encugh in order to carry out very fundamental studies or superionic con-
ductivities without interference with the more or less pathological behavior
of the matrix. Wa will present some new results.

1) Concerning the alkaline materials
The simultaneous examination of long and short range orders leads to a mo-
del of ion-ion correlation in a 2D type superlattice. The determination
of the diffraction functions explains this pure 2-D character, the diffe-
rence in coherence length due to faulting and the microscopic homogeneity
of these materials. . .
An interpretation of the anharmonic properties is proposed. From these
results, it is possible to build up a system of state equation based on
the equilibrium conditions of the § alumina typs materials. This shows,
that the model-experimentally found-of cells occupied by 1BR or 3mO Na
ions is everywhere energetically more stable than the B-R,a B-R one.
In a second step, the state equations for 8" alumina appears to be a
perturbation due to a host lattice polarization. Quantitative determina-
tion of the pola:izition amplitude gives the homogeneity ranges of § alu-
‘mina ~ 1. - 1,56 Na' per unit formula and 8* alumina 1.56 - 1.67 Na .
Starting from the works of Sato and Xikuchi a modified P.P.M. is propogsed
in order to for the transport properties. In B” alumina the anti-
ferroelectric order observed at low temperature is progressively destro-
yed upon heating and leads to a double contribution to activation energy:
a temparature independent hopping energy and a temperature dependent dis-
sociation energy function of the coherence length.
The model is used to account quantitatively for the conductivity curves.

2) Concerning the silver ions materials
In silver B ferrite (B alumina type coppound) 3 ,silver metallic centers
are directly formed by reduction of Ag by Fe° and consequently the me-
chanism of metallic precipitation, which is probably at the origin of the
electrolyte degradation in batteries, can be studied.
This mechanism can be summarized as f°119;" :
- Reduction of Ag conducting ions by Fe
- Clustering of silver atoms in two-dimensional aggregates
- Growth of clusters which remain coherent with the B alumina lattice
- Precipitation of metallic silver and collapse of thé § alumina into a

spinel-typs structure. ] '
3) Concerning the multivalent ion materials

The Na concsgt °ezi"°h 94_0: 8" alumina can belieplaced by a variety of
divalent (Sr €a“", Pb° ..) or trivalent (Ga~ ..) cations in simple
ion exchange reactions and these materials exhibit multivalent conducti-
vities greater than that known for any other multivalent conductor at
low temperature. When a 2-D local order is observed at all temperatures
in multivalent rich 8 alumina, B" ones can exhibit interplanar correla-
tions at low temperature, due to polarization effects (host lattice or
conductirg ions). .

When the temperature increases, order-disorder transitions can be obsere
ved in B" alumina, with a cross-over from a 3-D (short or long range)
order to a 2-D local one.

P29/BA-15

PFEPARATION AND PROPERTIES OF Pb 8" ALUMINA
J. ngehfeldt, J. D. DeNuzzio, and G. C. Farrington

Department of Materials Science, Univérsity of ?ennsylvania,
.~ 3231 wWalnut Street, Philadelphia, PA 19104, USA

Pb 8" alumina differs -from other divalent cation substituted
8" aluminas in several respects, including the conductivity,
which is remarkably high in the Pb-substituted material., While
preparing samples of Pb 8" alumina by ion exchange of Na 8*
algmxna single crystals we observe, under certain conditions, a
weight change greater than that corresponding to 100 §
exchange, suggesting that an excess of lead ions have entered
the crystal during the exchange process. This would require
charge compensation, for. example by oxygen moving into the
crystal, making this material a potential candidate for oxygen
ion conduction. We have investigated some of the properties of
Pb 8% alumina and their dependence on conditions of :
preparation and heat treatment, including measurements of
spectroscopic properties in the mid- and far-infrared region.
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STABILIZERS FOR BETA"-ALUMINA

Maria Zaharescu. Victor Stancovschi, Constanta Parlog,
Nicolae Dragan, Ana Braileanu, Dorel Crisan and Tudor Surdeanu*
{CECHIM-Center of Physical Chemistry
Spl. independentei 202
Bucharest
Romania

*SINTEROM
3400 Cluj
"Romania

The stabilization process of beta™-alumina using additions of
ions with different charges has been investigated. The composition
ranges where the s;abilization etfect occurs have been determined.

The stabilizing aptitude of the investigated bi-, tri- and
tetravalent ions has been correlated with the charge lield of each
ion, on the basis of the Dietzel-type approach.

‘The influence of these additions on the microstructure of

sintered beta"-alumina bodies has been investigated, and a-

comparative evaluation of the advantages and disadvantages of
using such stabilizers with respect to the classical use of Li* has
been made. : ’

EFFECTS OF SELF-VIBRATIONS FOR HOPPING
CONDUCTION

Tadao 1shii

Applied Physics, School of Engineering, Okayama
University, Okayamsa 700, Japan

Starting with the linearized master equation, we have recently
presented a first-principles approach to hopping conduction to discuss an
exact conductivity formula {1,2). The formula provides a systematic
foundation for Movaghar-Pohlmann-Schirmacher's Green function method [3),
which can result in, for example, Odagaki-Lax's low frequency conductivi-
ty for the one-dimensional M-site chain [4,5].

Solid electrolytes are the materisls which have shown up a variety
of behaviors on the frequency-dependent conductivity o(w). One typical
feature observed in common exists in the low-frequency region where the
conductivity has the crossover from a diffusion process to an oscillatory
behavior. This characteristic profile on the conductivity may partly
originate from twofold motion of the mobile ions: the mobile ions vibrace
around lattice sites, and hop from site to site. This has been discussed
by extending the sbove conductivity formula to include the vibrational
motion of particles {1].

The purpose of this paper is to mainly discuss the temperature
dependence of the conductivity, whose curves on the o(w)T - 1000/T plane
display some interesting deviations from an activation type usually found.
One of the interesting deviations from the activation type of conductivi-
ty has been found by Fontanella, Wintersgill, Welcher, Chadwick and
Andeen in some fluorides where they discussed the relation between bound
and free ion motion [6].

Commensing with the master equation we have the conductivity expre-

ssion
2 -
(@) = 8l Gl = g 0>
-ok+a.+a; H [Q8]
Q=R+S, Weu-i{L, (¢3)

where iL: is the Liouvillian for the vibrational degree of freedom {Z]}=
{s,8}. The asymptotes are, for example for a finite system, o(w)T «
exp(~B8){1 + £(w)/8 + g(w)/B] for whug when B+=, and c(w)T = exp(Ba) x
{w2 + h(w) + k(w)/B} for wg>>w when B8+0.

{1} T.Ishii: Solid State Commun. &7 (1983) 717.

{2] T.Ishii: unpublished (submitted to Progr. Theor. Phys.).

{3] B.Movaghar, B.Pohlmann and W.Schirmacher: Phil. Mag. B4l (1980) 49.

[4] T.Odagaki and M.Lax: Phys. Rev. Lect. 45 (1980) 847.

[5}] T.Ishii: unpublished.

[6] J.J.Fontanella, M.C.Wintersgill, P.J.Welcher, A.V.Chadwick and
C.G.Andeen: Proc. Int. Conf. on Fast lonic Transport in Solids, ed.
J.B.Bates and G.C.Farrington (North-Holland, Amscterdom, 1981) p.585.
See also U.Strom and K.L.Ngai: ibid. p.167..
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A NEW HYBRID SCHEME OF COMPUTER SIMULATION BASED ON MHADES
AND MONTE CARLO: APPLICATION TO IONIC CONDUCTIVITY IN ¥ DOPED Ce0,

G. E. Murch®

Materials Science and Technology Division
Argonne National Laboratory, Argomne, IL 60439

A. D. Murray and C. R. A. Catlow

Departaent of Cheaistry, University College london,
London WCIH OAJ, ENGLAND

In the modeling of transport and thersmodynamics of complex disordered
solids, s realistic computer simulstion scheme has long been required that
avoids the very heavy demande put on computer time by Molecular Dynsamics.
Ststic relsxation codes, notably the HADES/CASCADE programs developed by

.Catlow and coworkers, have provided reliadble estimates of defect formation

and migration energies. Such calculations have been made for 13" doped
Ce0, in which energies were calculated for 30 various atomic environments
encountered by the snion vacancy (1}. Howaver, the statisticsl sampling
of these energies to calculate enseamble or time averaged gquantities such
as cheaical potentials, d.c. ionic conductivities, and tracer diffusion
coefficients, is a most difficult task. To mske the problem analytically
tractsble, grossly simplifying assumptions need to be made sbout the
distribution of defects snd corralation sffects.

In order to avoid thess sssumptions we hava recently used the Monte
Carlo method to provide the statistical ssmpling of the energies in a two-
stage hybrid calculation of quite general spplicability. In the case of
Y7 doped Ce0,, the vacancy migration energies ware first calculsted using
the CASCADE program. Next, a large 50,000 site lattice of Ce0, containing
YJ* fons (immobile) and anion vacancies was generated. A weak d.c. elec-
tric fleld was imposed. Vacancy jumps were directed by standard Monte
Carlo procedures (2] in conjunction with a fast pattern recognition
algorithm. The results for the d.c. ifonic conductivity were in very good
agreenent with the experimental data. The characteristic maximum in con-
ductivity and the corresponding minimum in activation energy as a function
of increasing vacancy content were faithfully teproduced.

l. C. R. A, Catlov and S. C. Parker, in Cosputer Simulation of Solids
edited by C. R. A, Catlow and W. C. Mackrodt (Springer-Verlag,
Berlin, 1982).

2. G. E. Murch in Diffusion in Crystalline Solids edited by G. E. Murch
and A. S. Nowick (Acadesic, New York, 1984).

*work supported by the U.S. Department of Energy.
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EFFECTS OF SPACE CHARGE AND NONUNIFORM TEMPERATURE ON A
SOLID STATE GALVANIC CELL

Bruce K. Borey and Frederick H, Horne
Department of Chemistry, Michigan State
University, East Lansing, MI 48824

The complete set of differential equations of nonequilibrium
thermodynamics has been solved for s solid state galvanic cell con-
sisting of single electrolyte sandwiched between electrodes. Electro-
neutrality is not assumed anywhere, and it is therefore possible to
sssess the effects of nonzero space charge in the electrolyte near
the electrodes. A special transformation of concentrstion variables
into a "neutral” part and a “charge" part facilitates both the
anslytical and the numerical solution of the mathematical problem.
Formules are obtained for the electric field, the fonic concentrat ion,
the space charge, the cell potential, and the efficiency of the cell
st steady state. Inclusion of apprppriate temperature gradient terms
in all equations permits evaluation of the effects of nonuniform
temperature on all cell properties including efficiency. For
specificity, numerical results are obtaired for the particulsr galvanic .
cell consisting of cerium oxide doped with calcium oxide as the electo-
lyte contained between oxygen electrodes. Efficiency is enhanced - more
current is produced with less ohmic loss - if the product Q*(AT) is
negative, with Q* the hest of transport of the eleztrolyte and AT the

temperature difference between the cathode and the anode.
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COMPUTER SIMULATION STUDY OF &-BISMUTH OXIDE

P.W.M. Jacobs and D.A. MacDénaill

Department of Chemistry, University of Western Ontario,
London, Ontario, Canada, N6A SB?

The &-phase of Bi304.has an exceptionally high conic conductivity.

This is because only 3/4 of the available oxygen sites in the fluorite struc-
ture are occupied at any one .time. Bi3+-Bil*, B13+-02-, and 02--02" poten-
tials were obtained from electron gas calculations; 02- shell-model para-
meters conforimed to previous work on other oxidés; the Bi3*-02- potential
parameters and the Bid* shell-charge and force constant were adjusted to
eliminate lattice strains and to give reasonable values of elastic and
dielectric constants. Two models for the perfect crystal were investigated:
the Gattow model, in which each 02- site is occupied for 3/4 of the time,
and. the Sillen model in which 3/4 of the 02 sites are occupied so that
there is a <111> ordered superlattice of vacancies. The Gattow model was
simulated by scaling the pre-exponential and Van der Waals' terms in the
027-02- potential by (3/4)2. The perfect crystal can be modelled success-
fully in this way, but acute problems arise when vacancies are introduced.
Nevertheless our calculations showed that anion Frenkel defects, with the
interstitials at cube-centre sites, are not forwed readily (ug=4.5 eV).

In the Sillen model, if sufficiently high polarizabilities are used to
give the dielectric constants correctly (assuming ¢g(6)=eg(a)) a displaced
02~ jon oscillates in the neighbourhood of its lattice site. While this
behaviour may be realistic, it makes it impossible to model the material
satisfactorily. Consequently, a rigid-ion model was employed. A perfect
<111> superlattice of vacancies is more stable than either a <110> or <100>
superlattice. Howvever, local <110> and <100> defects are thermodynamically
stable by -4.3 eV and -3.8 eV respectively. A <110> defect requires an
activation energy of 0.68 eV; once one of these defects forms it catalyzes
the formation of a8 second <110> defect which requires only 0.09 eV. Thus
our model for 6-Bi,03 is an_overall superlattice of <111> vacancies containing
chains of <110> defects. 02~ vacancies can form in the Sillen structure
by the lattice 02 jon woving from an occupied lattice site to one of the
normally vacant sites. (We term this a '"pseudo-Frenkel"” defect.) The
vacancy is a charged defect and its motion leads to charge transport, in
contrast to that of <110> defects which do not carry a charge. When a
vacancy is added to a <110> defect, the 'charged' and 'uncharged' vacancies
became undistinguishable, so charge migration can occur by adding a vacancy
to one end of a <110> string and removing it from the other end. The
calculated activation energy for the motion of an isolated vacancy is 0.3 eV,
in good agreement with experiment. This energy increases slightly if the
02~ and Bid* ave made polarizable, .but in general the rigid-ion model
seems to be a good guide to the behaviour of Bij04.

P5/TH-26

MODEL OF DIFFUSION LENGTHS

Peter Nwoye O. Mbaeyi
Division of Theoretical Chemistry
University of Tcubingen
- d-7400 Tucbingen 1

FRG.

. In transport processcs. the concepts of mobilities, diffusion (according to
Ficks/Darcey's laws) and brownian diffusion are often (reated as though they are
whuotly independent of one Ihese concepts are interlinked to onc another by
constructing - dynainical models of the diffusion variable (for this purpose use is made
of an appuximative analytic form obtained by developing mechanical analogues o!
diffusing using fuidic systems -- “Mechanical Models of Diffusion and Rélaxations,
sth lnter. Math. Modeling Conf. Berkeley 1985). ‘Then dynamical relationships
between diffusion and mobilities on the one hand. and mobilitics and brownian
diffusion on the other are cstablished. On this basis, the actual diffusion lengths are
defined and formulated in the form of (boundary) control mpdc!s Applications Lo
fast transport, multiphase flows in mcmbranes arc used as guidelines {in the case of
membranes, _the dependence of diffusion of thickness will feature in "§-layer
Dvnamics (Energetics Models of Boundary Layer Phenomena)” to appear in Proc.
Inter. Conf. on Num. Mcthods in Laminar and Turbulent Flows, Swansea, July 1985).
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*
X-RAY AND NEUTRON SCATTERING FROM IONIC MOTIONS IN SUPERIONIC CONDUCTORS

P Vashishta, Argonne National Laboratory, Argonne, IL 60439

1 Ebbgj® and R Deju's. The Studsvik Science Research Laboratory
§-611 82 NykSping, Sweden

A model of the superionic conductor Ang is proposed and studied by the
wmolecular dynamics technique using efféctive Eatr potentials. Interesting
results have been obtained by Cava and McWhan who have studied the X-ray
diffuse scattering in g-Ag,S. They observe in the superionic phase aniso-
tropic discs of intengity gn the vicinity of the point Qo-(l.s.l.o). In
addition Grier et al.  in their inelastic neutron scattering experiments
observe anomalous intensities similar to those observed in diffuse X-ray
scattering. A low energy(~2meV) excitation is also observed in the non-
superionic phase which disappears in the superionic phase. A motivation

for this work is to investigate if it is possible to describe structural

and dynamical properties of superionic conductors such as Ag,S using effec-
tive pairwise potentials. We have calculated the constant of “self-diffusion
for silver, the mean square displacement for sulfur, the partial pair discri-
bution functions and the density map of silver fons in the unit cell. In
addition the X-ray and neutron diffuse intensities are calculated in the
vicinity of Q . We find that the anistropic discs of intensity around Qo
are entirely due to the correlated motions of Ag ions reflected in the
partial structure factor S A (Q) which in turn determines the diffuse
scattering. Our interpretnéi‘oﬁ is that the dynamic interference between Ag
fons over the range of the charge neutrality of 5-6 X, coupled with the fact
that there are frequent octahedral to tetrahedral jumps as well as tetra-
hedral to tetrahedral fumps in Ag.S leads to the anomalous intensity in the
diffuse scattering. The phonon defisity of states, the frequency dependent
fonic conductivity and the temperature dependence of the Haven's ratio are
also calculated. The spectrum of density fluctuations, S(Q,w), s studied in
the entire (Q.w) space. The intensities, line widths and temperature depen-
dence of the quasielastic peak and the low energy excitation agree with the
inelastic scattering experiments. .

1Cava R} and McWhan DB Phys Rev Lett 45,2046(1980)
zcrter BH, Shapiro SM and Cava RJ Phys Rev B29,3810(1984)

P7/TH-28

FK-MODEL APPROACH TO A COUPLED CHAIN SYSTEM:
3RD-ORDER COMMENSURATE I[ONIC CONDUCTORS

K. Takahashi, I. Mannari and T, Ishii#

Department of Physics, Faculty of Science
Okayama University, Okayama 700, Japan

*Applied Physics, School of Engineering
Okayama University, Okayama 700, Japan

The Frenkel-Kontorowa [FKX) model has been extensively studied to
understand the modulated structures with periods (1). In the study of
one-dimensional ionic conductors, Beyeler-Pietronero-Strissler have
proposed a configurational model, a version of the FK model with a finite
density of defect [2]. 1shii have investigated the static structure
factor by solving the transfer {ntegral equation [TIE] for the FK model
system to find rather a consistent result with the experiment {3].

Recently K-priderites having the l* ion density p=0.75 have been
studied experimentally by electron diffraction and X-ray diffraction, and
found that there exists an interchain coupling [4,S5].

The purpose of this paper is to study the FK-model with
commensurability where the natural spacin: of chain {s --6;/33‘::.;4:‘
being the period of substrate potential, and to discuss the equilibrium
configurations, excitation spectrum, and thermodynamic properties. The
potential energy of the system i3 given by - )

vel amx,y v+ v"; )
-5 KB 2

Va 2“ 7 (°n+]. —a -8+ b} a %{1 - cos(zmnlb)), )
- X . 2

Vey = Lo e = vyl -7+ Unyyy -yl - DA, €

where A 1s the coupling constant and z is the
nuaber of nearest neighbor
chains. In obtaining the configurations and excitat
solve a set of coupled equations. cleation specerua, ve
i) A=Q: case of independent chain. There exist two configurations for

" ground state and saddle state. The diffarence of their energies can be

estimated ag, for example, 4E=0.019 eV/3-particles for ub2/2=0.75 eV and
U=0.15 eV. As to the excitation spectrum we have three phonon branches
with nonzero frequencies at q=0. The gap of the lowest excitation at q=0
is evaluated as 4w=0.0034 eV for the above parameters. .
11) A$#0: coupled casa. The ground state configuracion found from eq.(
1) 1is quite consistent with the experimental observacions of [4,5].
Investigation_ of thermodynamic properties {s now in progress by a
numerical calculation of the TIE for the 3rd-order commensurate structure.

P.Bak: Rep. Progr. Phys. 43 (1982) Ss87.

[ .
{2 H.U.Beyeler, L.Pietronero and S.Strassler: Phys. Rev. B22 (1980) 2988.

—
—t et vt

3] T.Ishii: Solid State Commun. 48 (1983) 543, J
. 48 . Phys. Soc. Jpn. S2
(o) {1589) 4066, J. Phys. Soc. Jpn. 33 (1984) 2622, o oA

S.Suzuki, M.Tanaka, M.Ishigame, T.Suemoto and Y.Shibata: unpublished
: (privace communication). »
5] H.Terauch{, T.Futamura, T.Ishii and Y Fujiki: J. Phys. Soc. Jpn. §

, T. . . : J. . . . 53
(1984) 2311, ’ o =
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STRUCTURAL AND CONDUCTIVITY STUDIES IN
A SODIUM-ZINC-~SULFATE SYSTEM

William A. Redman and Roger Frach
Department of Chemistry
University of Oklahoma

Norman, OK. 73019

We have begun & comprehensive study of the structure and transport
properties in & sodium-zinc-sulfate system. A nev compound, n.szn(so‘)‘-
24,0, has besn synthesized and the crystal structure d-ttr-xnad. This
compound crystallizes in the triclinic space group pl (C;) with one
wolecular unit in the primitive cell., The differencisl éhornll analysis
indicates a loss of water over the temperature interval 185°-210°C.

The resulting anhydrous compound then undergoes s complex saries of
phase transitions at 356, 369 and 381°C. The melting point is approxi-
mately 700°C. -Conductivity ts of pressad pellsts of the
snhydrous compound show a complex transition into s high conductivity
phase sbove 400°C with an activation energy of 0.51 eV. Tha high
tenperature deformation of the pressed pellets suggasts that the
conducting phass is slso a plastic phass.

PY/AC-16

TONIC CONDUCTIVITY OF SODIUM-NEPHELINE SINGLE CRYSTALS.
By H. BBhm and' G. Roth, Inscitut fiir Mineralogie der Universi-
t¥t Minster. D-4400 Minster, Corrensscr. 24. -
The specific iomic conductivity of synthetic single crystals
of Na-Nepheline with the composition

Nag_, Alg_, Sig,, 04, 0.0 $ as 2.0

has been determined as a functiun of frequeancy (0.1Hz to IMHz)
temperature (20°C...700°C) ané crystal oriencation.

Single crystals of acceptable size and quality have been 3rown
from a NnVOJ-tlux at about 1050°C.

Impedance measurements were carried out using the current/vol-

- tage technique; the expqrimental setup consisted of a micro-

computer-controlled frequuncy response analyser.

One property which is common to all compositions is the
strong anisotropy of the specific ionic conductivity:

The conductivity along the crystsllograpic c-axis is larger by
a factor of 104 for. ae0.8 and by s factor of 102 for a=1.5,
cespeactively. The difference in the anisotropy is mainly due
to a difference in the specific conductivity along c. It
teaches values 6f up to 1.0-10-3 8~ '-cm~! at 700°C for a=0.8.
Single crystals of 2«0.8 exhidit an anomaly in the impedance
plot wvhen compared to other solid lonic conductors. This asno-~
maly results in a dielectric constant of about &-103 (20°c,
100 kHz) along c, which increases vith increasing temparature.
This "“thermally activated dielectric consctant” may bde related
to a jump process.

AC- and DC-axperiments with Na-electrodes indicete thst the
snomalously high dielectric constant is due to a bulk effect,
not a surface effect.

The observed property of single crystals with 2+0.8 say be re-
lated to a flat potential barrier of adout 0.2 eV, which fa-
vours the local Na-diffusion at high frequencies, whersas the
DC-conductivity is determined by a high barrier of about 1.0
eV.

The dislectric properties have been studied as a function of
stoichiometry for various compounds in the composition range
mentioned above. Both the room temperature dielectric constant
and the high temperature conductivity exhibit & discontinuicy
at about a=1.0. This observacion indicates that the two com-
ponds considered (2#0.8. and a=1.5) may be related to tvo dif-
ferent phases. Structure determinations have been carried out
for both compounds. They show that both structures are closely
related to the crystal structure of natural Nephaline.

The origip of the strong anisotvopy as wvell as the differances
in the dielectric properties are correlated with the results
of the structure determinations.
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NMR STUDIES IN SINGLE CRYSTAL AND
DISPERSED PHASE LITHUM I0DIDE®

J.L. Bjgrkstam, D. Brinkmann’, M. Mali* |
J. Roos , J.B. Phipps” and P.M. Skarstad
Department of Electrical Engineering
University of Washington, Seattle, WA 98195.

’Physik-lnstnut. Unfversity of Zurich
8001 Zurich, Switzerland.

*Medtronic, Inc.
6700 Shingle Creek Parkway
Brooklyn Ctr., MN 55430

The introduction of a dispersed phase cupqnent of AL203. 5102. etc.
into sintered Lil has been reported to give order of magnitude enhance-
ment of Lt conductivity. We have carried out nuclear magnetic resonance
(NMR) studies of spin-lattice-relaxation time T 1ine narrowing and pulsed-
magnetic-field-gradient diffusion on a large range of compositions, in-
cluding single crystal Lil, over the temperature range from 80-700K. It is
thus possible to separate the contributions of bulk and interfacial transport
to the 7L1 spectral and relaxation results. The substantial differences
which we observe depend upon composition, mean grain size, sintering methods,
etc. We relate these NMR data to conductivity results which have been pre-
viously reported {Phipps and Whitemore, Solid State Ionics 9 & 10 (1983)
123-130).

°Supported in part by U.S. Department of Energy Grant DE-FGO6-84ER 45065.

Pll/AC-18

LITHIUM ION AND PROTOM CONDUCTORS IN THE SYSTEM ‘B(xV)Z(Poh)j (BeTt, Zr, HO) °

M. A. Subramanian, R. Subramanian and A. Clearfield
Department of Chemistry
Texas A&M University
College Station, Texas TT843

In order to'anBstlgate the effect of framework cation substitution on the Li
fon conductivity in the system AB(IV),(PO,),, weé have prepared compounds of the
type L1, 4, T1,- M, (PO}, (MeSc, Ga), Li,. Hf -, In (PO,),, LiZr,.,TL (PO,), and
Ul 4.2r,.,Sc,{PO,),. In the system Li,,,Ti, M (PO,),, X-ray diffraction
analysls shows the formation of rhombohedral solid solutjons, the limits of :
which depend on the size of the M** cation, the smaller the size the larger the
value of x. ([n the system LiZr,.,Ti,(PO,),, the compounds in the composition
rahge 0.5 < x $ 1.5 gave X-ray diffraction patterns with dbroadened reflections
while all the patterns outside this composition except LiZe,(PO,), were
nexagonal. Ionic conductivity ts were performed on all these solid
solutions and the results will de discussed i{n relation to the numbder of
conductors and framework size.

We have also synthesized compounds of the type AZr,(PO,), (A*<NH,, H,0 and H)
with the aim of obtaining proton condugtors in the above system. The compound :
NH Zr,(PO,), was obtalned by hydrothermal treatment of Ir(NH,P0,),. Two foras -

of HIr,(PO,), were obtained, a rhombohedral phase stable adove 600°C and a more

stable low temperature phase with a complex structure. Although HZr,(P0,),
remained anhydrous at ordinary conditions, (H,0)Zr;(P0,), was prepared by
refluxing in water or under hydrothermal conditions. The coampounds were
characterzied by X-ray, IR and thermal methods. We have also attempted to
synthesize KH,* and H,0® substitued nasicons of tne type Na,-,A.ZrScS(P.O,..
Ionic conductivity data of the above compounds will also be presented.
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P12/AC-19
PLASTIC CRYSTAL FAST Li* ION CONDUCTORS (PLICFICS)

FOR 25-100°C APPLICATIONS

E. I. Cooper and C. A. Angell
Department of Chemistry

Purdue University
West Lafayette, Indiana 47907
ABSTRACT

One of the great advantages of éhe polymer-salt type solid electrolyte
is the fact that the electrolyte can change shape under mechanical stress

without failure. A disadvantage is that anion transport numbers are not zero.

We think the former advantage can be had without the latter disadvantage by
using an appropriate anion rotacor phase in which the cation or one of the
cations i{s mobile. L1,50, is che prototype material of cthis type but is
limited to high temperature applications.’ We describe a low temperature
material--a double salt of LiBF, and ethoxy ethyldimethyl ammonium fluoro-
borate which may conduct in the same manner, which exhibits a strong dis-
ordering transition at -90°C, and which at 70°C conducts almost as well as
the best polyethylene oxide + Li salt combination reported to date. Some
variants on this theme and their properties and performance will also be
described. -

P13/AC-20

1ONIC CONDUCTIVITY IN COMPOUNDS BASED ON CHEMICAL

SUBSTITUTIONS 1IN lelnsioh.

J.Crins
Department of Inorganic Chemistry, Arrhenius Laborastory,
University of Stockholm, S-106-91 Stockholm, Sweden.

ABSTRACT . .

Various compounds based on chemical substitutions in
Naz
(i) Ne

1nSio‘ vere prepared by solid state reaction in air ;
Znsil_xPxo‘ vith.o £ x S0.45 , . »s

(ii) W8y g520g 97545/25%1,075-3x/2"x0 vith 0 € x 5 0.13

and (iii) Naz_‘an_lcu‘sio‘ with 0 £ x € 1.The aaterials wvere

2-x

characterized by their X-ray powvder photograms and the ionic
conductivities determined by impedance messurements at diffe-
rent temperatures. The best conductors are found to be iso-
typic with the hi;h-tc-y.rntﬁro foras of anln$£o‘.thu phospho-
rous-substituted compounds (1) exhibit s maxima in conductivi-
ty at 600 K of 1.3:10°° (acm) !
0.15. The compounds (ii) showv a linear decrease in conducti-
vity st 600 K from 1.0'10.2 (ﬂ.t:-).l tor x = 0 to 6.6'10.6
(.ﬂ.cm)-l for x = 0.15. The gallium compounds (iii) show a
maxima in conductivity of 2.1-10.3 (.ﬂn:-).l at 600 K for x =
0.05.The conductivity date are compared with zrnviounly ob-

for compositions x = 0.05 -

tained results for the sodium tinc silicates
, 2 2x 21.25,

'xz“xlls‘z-xllob
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RAMAN SPECTRA OF SOLID SULPHATE ELECTROLYTES; PADDLE HHEEL MIGRATION DUE 10
REQRIENTATIONAL MOTION

L. Bdrjesson and L. M. Torell
Department of Physics, Chalmers University of Technology.
§-412 96 Gothenburg, Sneden -

In solid sulphate electrolytés the superionic phases are characterized by a
high degree of orientational oxygen disorder. This together with a high
latent heat compared to the heat of fusion suggest a premelting process
with rapid rotational re-ordering of the sulphate groups. In view of the
broadvariety of possible mobile ionic species in sulphate -based solid
electrolytes a migration model has been suggested, the “"paddle-wheel"
mode), where rotations of the sulphate ions have been proposed to enhance

the cation diffusion and thus explain the high conductivity. In the present

work Raman scattering has been used to investigate the dynamics of the
sulphate ions in solid sulphate electrolytes. Raman spectra of fcc-Li,S
bec-L1AgS0, and bcc-LiNaSO, have been recorded across the entire temp@ra ure
range of s%ability of each compound. Comparison of polarized and depolarized
spectral bandwidths for the symmetric A, sulphate internal mode permits a .
component due to the sulphate ion reor‘entation to be separated, which con-
firms the plastic behaviour of the superionic phases of the three crystals.
In case of Li,S50, the derived reorientation time corresponds well with the
value, 2 ps, rg gtly reported on the basis of computer simulation studies.
Our measurements are precise enough to yield the temperature dependence of
the reorientation time in each type of crystal. These values are suffici-
ently close to the temperature dependence of the cation diffusion to con-
stitute a support of the “paddle-wheel" migration postulate for this type
of plastic crystal.

P15/G-15

SOUND VELOCITY BENAVIOUR IN SILVER BORATE GLASSES.

Ge.Caringt M .Cutront.ll.hdoﬂco and G.Tripodo’
Istituto di Pisice G le and ¢

, upp lulml. dt Struttura dollu
Materia del CNR, Hessins,ltaly. -

The sound velocity behaviour of 5 Mhs lmuudiull.\-_in. vas
measured in Agl:“zo:l 0, * ternery" slesses 1a the 77 o'boo X tqo-
Tature range. 'l‘h ssagurements were potlomd by a pulu-oeho ovorhp (7]
techaique.

The prouucvol dispersive effacts m‘xﬂvulo;l. whoss contribue
tion tncreases vu.h the Agl content. These ouocu wers ascribed to :ho
thermally activatsd rvelaxations of wobile A‘ ioms, that jusp between
nearly equivalent po.ulpu. avetlable in the glassy network.

Prom s quantitstive point oi view the whole ﬁohvtm was explatned
by the ovarlap of two different mecheaismss the rslaxationsl ous ssd the -
one coming out of the anharmonicity of the system ( thresephonon isterace
tions). The lstter effect fmplies , 1o the quasiharwonic spproximation,a
linear temperature dependence of ths elastic constents fa all the explored
range. :
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ogAg NMR INVESTIGATIONS OF THE SUPERIONIC GLASSES

(AgI)_-(Ag,0°n B0,))

Steve W. Martin
Dépnrtmenc of Chemistry, Purdue University, West Lafayette
o . and
M. Mali, J. Roos, and D. Srinkmann
Physik-Institut, University of Zurich, 8001 Zurich, Switzerland

Recent interest {1,2) ;n superionic glasses based upon in large part Agl
has produced a wide range of glasses exhibiting an iomic conductivity as
high as (1 -,'S))t.LO.2 (R cm)-l at room temperature. Detailed information on
the microscopic processes involved in the conduction events, however, is
quite lacking. Previous NMR studies (3) of the stationary 1lB nuclei per-
formed near and above the glass transition temperature, have dealed vfth
tne dynamics of the borate units.

in this paper we report on the first NMR investigation of the mobi;e
silver ions. Measurements of the spin-lattice rela;ation, the linewidth,

109

and the intensity of the Ag signal vere initiated. Preliminary results

for an =2, x = 0.65 snmplé yield very low appareat activation energies

for the processes which are responsible for relaxation (0.04 eV) and

* linewidth (0.11 eV), respectively. The correlation time of the relaxa-

tion process is 1.6 x 10.8 3 at room temperature. For comparison, in
crystalline RbAghI5 the same correlation time is reached already at

140 K (b). At present, no indication for the existence of two types of
silver ions differing stfongly in mobility is found. Further studies on
samples with various values of x and n together with an NMR determination

of the Ag self-diffusion coefficient are in progress.

(1) G. Chiodelli, b. Campari Vigand, G. Flor, A. Magistris, M. Villa,
Solid State lonics 8 (1983)-311.

(2) G. Robert, J.P. Malugani, A. Saide, Solid State lonics 3/b
(1981) 311.

(3) G. Chxodellx. A. Mag;strxs. M. Villa, J. L Bjorkstam,
J. of Horn-Crystalline Solids 51 (1982) 1h3

(&) H. Looser, D. Brinkmann, M. Mali, J. Roos, Solid State Ionics §
(1381) L8s.

P17/G-17

TRANSPORT AND THERMODYNAMIC PROPERTIES
OF Agl - Ag OXYSALT(S) GLASSES

Alberto Schiraldf, Elisabetta Peziati® and Primo Baldint
Dipartimento di Chimica Pisics, Universita’ di Pavias
Viale Taramellf 16, 27100 Pavia, Italy
Centro di Studio per la Termodinamica ed Elettrochimica
dei sistemi salini fusi e solid{ del CNR, Pavia (Italy)

A number of glasses showing.a high fonic conductivity at room
temperature hss been recognized in the systeas AgI~Ag0~M,0pn,
where M0 {9 a Lewis acid which.

Studies concerning such glasses are spread over many experimen~
tal and theoretical works (1-12], mainly dealing with the compo-
sition-structure~transport correlation.

However, only systems showing a wide glass formation region allow .
8 reliable achievement of this aim, inasmuch as they provide a
suitable composition range to verify the actual role of the Agl
content.,

It 1{s indeed possible to state that the silver ion population of
these glasses is to be shared into two subtypes, viz., the mobile
ions, coming from AgI, and those, coming from the Ag oxysalt,
practically resting in fixed positions. These two Ag* species are
in thermodynamic equilibriun and their amixture msy be described
as  a regular solution. The latter statement comes from the ap~
proach to the thermodynamic properties of thess Lons via thermo=
electric power detersinations carried out with silver electrodes
thermocells.

It has also been verified (within the errors involved in the
extrapolation of the molar hest-temperature trend of the Agl
standard modifications) that the ideal composition limit of these
glasses, viz., N(AgI) = 1, actually corresponds to the hypo=
thetical glassy Agl which would be obtained by quenching the
melt, {nasmuch as the latter would have the same glass transi-
tion temperature and the same entropy.

1. A.Schiraldi, Electrochim.Acta, 23 (1978) 1039
2. J.P.Malugani, A.Waniewski, M.Doresu, G.Robert and A.Al
Rikabi, Mac.Res.Bull., 13 (1978) 427
J.P.Malugani, A.Waniewski, M.Doreau, G.Robert and R.Mercier,
ibidem, L3 (1978) 1009
3. J.L.Souquet, Ann.Rev.Mater.Sci.,ll (1981) 211
4. M.D.Ingram and C.A.Vincent, Ann.Rep.A Chea. Soc.London(l977) 23
5. S.W.Martin and A. Schlrnldl. "Formation of high conductivity
glasses in the system AgI-AgP03-AgjAs0,",to be published
6. T.Minsai ‘and M.Tanaka, Rev.Chim.Min., 16 (1979) 283
7. T.Minant, H.Naabu and M.Tanaka, J.As.Cer.Soc., 60 (1977) 283
8. A. Hngl-trtu G.Chiodelll and A.Schiraldt, Electrochim.Acts, 2‘
- (1979) 203
9. G. chlodelll A.Magistris, M.Vills and J.L.Bjorkstam, J.Non
Cryst.Sol..Sl (1982) 143
10. G.Chiodallt, G.Campari Vigsno’, G.Flor, A.Magistris and
M.Villa, Sol.Stat.lonics,8 (1983) 311 . ’
Il. S.W.Martin and A.Schiraldi, J.Phys.Chem. (1985) to appear

" 12. A.Schiraldi, E.Pezzati and P.Baldiai, {bidem, to appear
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BRILLOUIN SCATTERING IN a-Agl AND Agl RICH GLASSES

L. 86r§esson and L. M. Torell
@partment of Physics, Chalmers University of Technology
$-412 96 Gothenburg, Sweden

8rillouin scattering experiments have been performed in single crystals of
superionic a-Agl to get a better understanding of the cation dynamics and
how it depends on structure. Spectra were obtained at different crystal
orientations and temperatures. The longitudinal and the strongest transverse
acoustic modes with phonon frequencies of 9.6-11.3 GHz and 4.1-5.5 GHz
respectively, were present in most of -the spectra, whereas the second
transverse mode (7.8-8.2 GHz) was very weak and only observable in a few
spectra. Longitudinal phonont Eave been observed in 8rillouin spectra of
a-Agl in other laboratories but so far no observations of any of the
two transverse peaks have been reported. From the measured frequency shifts
the longitudinal and the transverse hypersonic velocities can be calculated
as. well as the elastic constants. For the3hyp‘rson1c velocities tge o‘ien-
tation dependent values are (1.68-1.97)x10"m and (0.72-0.96)x10"m

for the longitudinal and the strongest transverse phonon respectively. The
elastic constants could only be estimated since the crystals so far were
unoriented.

Brillouin scattering have also been performed in superionic (Agl)x(AgP03)1_
glasses for x=0.0, 0.1, 0.3, 0.4, 0.5, Both longitudinal and transverse x
modes were obtained and their frequency shifts as a function of temperature
were measured to determine the elastic constants. The velocity data extra-
polate linearly to those of a-Agl in support of a microdomain model,

which suggests that the introduction of Agl does not effect the glass
network chemically but tends to reproduce, on the local level, micro-
domains of pure a-Agl.

1. Winterling, G; Senn, W; Grimsditch, M; Katiyar, R; Proc. Intern. Conf.
" on Lattice dynamics, ed. M. Balkanski (Flammarion, Paris, 1977)

2. Sasaki, W; Sasaki, Y; Ushioda, S; Taylor, W; J. Phys. Colloq. 42
(1981) C6-181 ’ .

P19G-19

HEAT CAPACITY OF GLASSY IONIC CONDUCTORS (Agl) (Ageo 25,03)l -x
BETWEEN 1.5 AND Lo K.

A. Avogadro, S. Aldrovandi and F. Borsa.

Dipartimento d4i Fisica "A. Volta" e Sruppo Na:ionale ii Ztruttu-
ra della Materia, Via Bassi €, 27120 PAVIA (Italy).

The glassy ionic condugt? ? (AgI) (Ag,O 2B.0,) have attracted
a great deal of interest becaufe of the h} ﬁ 1onic conducstiv+
ity at room temperaﬁure_whlch can be controlled over a large in-
terval by changing the glass composition x. Measurements of spe-.
cific heat :ield importaqt information about the integrated spec-
trum of the excitations which in our case may be expected to be
anomalous because of both the superionic propertses and the glas
sy state of the matrix. Previous measurements at high temper
ature of specific .heat have shown an almost linear increase by
increasing temperature in samples with x = 0 and x = 0.5. Here
we present measurements of heat capacity, performed by means of
a high resolution adiabatic calorimeter in the temperature range
1.5 + 40 K, for samples with x = 0, .2, .5, .65. The measure-
ments plotted as T display ‘a msxxmum centered at about & + 8 X
whose amplitude and position depend upon the x value of glass
composition. The extra contribution to the heat capacity (with
respect to the Debye term due to acoustic phonons) can be inter-
preted formally in terms of low frequency optical or local modes
and it appears to be a common feature of amorphous materials and
anharmonic crystals. In the present case the microscopic origin
cf the above mentioned low energy excitations is discussed in
relation to the known.transvort properties. Moreover, ve discuss
the possibility to interpret the temperature behavior of the
heat capacity over the whole temperature range (from:0 °K up to .
the glass transition temperature) by considering the contribution
of the normal elastic phonon modes and the anharmonic or local
modes orxgxrated by the motion of Ag ions in the 503- Boh net-
works.,

(1)7G. carini, M. Cutroni, A. Fontana, G. Mariotto and F. Rocca,
Phys. Rev. B 29,.3567 (1984) and reéferences therein.

(2) A. Avogadro, A. Dworkin, P. Ferloni, M. Ghelfnstein, A. Magi
stris, H. Szwarc, S. Toscani; J. of Non-Crystalline Solids
58, 179 (1933). ' : :
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STUDIES ON MIXED-ANION Agl-Ag,M00,-Ag,Se0,
GLASS-FORMING FAST ION CONDUCTORS

Hemilata Senapati :
Solid State and Structural Chemistry Unit
Indian Institute of Science
Bangalore - 560012
India

Glass-formation in systems containing Agl and mixtures of
divalent tetrahedral oxyanions like M0oQ42-, Se0,2- and WO,2- has

been investigated. The infrared spectra, glass transition tempera.

tures and conductivity (o) behaviour of glasses in the
Agl-Ag,M00,-Ag,Se0, system have been studied. It is found that
glass-formation in the xAgl-Ag,M00,-zAg,Se0, system is
particularly easy and extensive, ranging from 45 to 85 mole percent
Agl, the glasses exhibiting values as high as 5¢10=3 ohm~! cm-! at
ambient temperatures. While keeping the value of x constant, it is
ppssnblq to vary the oxyanion ratio y/z continuously between the
binary limits. This yields a series of glasses where the Agl content is
fixed and the total number of Ag * ions is also being held constant.
it thus becomes possible to decant out the contribution of the
nature (sug(polarizability) of the oxyanion-matrix to properties like
glass~transition temperatures, conductivity values and energies of
activation.

P21/G-21

SUPERIONIC CONDUCTING GLASS: GLASS FORMATION AND
CONDUCTIVITY IN THE (AgI) -(Ag,As04)5_, SYSTEM.

K.A.Murugsegsamoorthi, K.Hariharan and $.Radhakrishna
Department of Physics
Indian Institute of Technology
Madras 600 036 INDIA.

Studies on superionic conducting glagf have assumed
importance since high conductivities ( 10 A~ cm~1l) at room
temperature have been reported in contrast to ordinary insula-
ting glasses such as silicates, borates and so on. The present
work deals with the studiés on glass formation, structure and
electrical conductivities on (AgI)x-(Ag,As04)5_x solid elect-
rolyte system. The samples were prepatea by heating the evacu-~
ated glass ampoules containing the appropriate quantities of
the materials at 450°C for forty eight hours and quenching in
liquid Nitrogen. The X-ray diffractograms of the samples
confirmed the glassy nature of the materials formed. The
electrical conductivity of the pulverized glasses pressed
together with electrode mixtures of silver and glass (1:2 by
weight) under 3000 Kg/cm? to form pellets of 10 mm diameter,were
carried out in the temperature range 300 K to 365 K at 1 KHz.
Also conductivity measurements on polycrystalline samples
have been carried for the sake of comparison . The ionic
conductivity of the glassy sample was higher than that of the
polycrystalline sample at any temperature. It is found to
have the highest conductivity (0.016 A=lcm~1) which is one order
of magnitude higher than that for the corresponding poly-
crystalline sample(0.004 £lcm~1). The activation energies
ranged from 0.33 ev to 0.4 ev and ° increased with the decrease
in conductivity. It is to be noted that the activation energi-
es of the glassy samples were larger by 0.1 ev than that of
the corresponding polycrystalline sample. Conductivity measur-
ements on annealed glassy samples indicate that the conducti-
vity decreases with the time of annealing, reaching a constant
value which is less than that of the polycrystalline sample.
Electronic conductivities of the samples were cbtained by
using Wagner's polarization cell technique with the configura-
tion; Ag/Electrolyte/C . Glassy material of the composition
4AgI-Ag,AS04 was found to have low electronic conductivity,
the valae of which increases with the change in composition.

A typical galvanic cell with glassy sample of the
composition 4AgIl-Ag ASO4 as electrolyte having the configura-
tion (Aq,Blectrolytglclaaoy Electrolyte/ C,I;, Electrolyte)
has been conatructed and its discharge characteristics -
investigated.
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SIMULTANEOUS PROTON AND OXYGEN ION TRANSPORT IN SOLID
MOLYBDIC ACID DUE TO POSSIBLE ELECTROLYSIS OF INTERLAYER
WATER OF CRYSTALLISATION

BY -

S. Chandra, B. Singh and N. Singh
Physics Department, Banaras Hindu University, vVaranasi, India

Molybdic acid i3 an aquoxide with both coordinated and inter layer
hydrated water molecules. Each coordinated water molecule donates its
nydrogen atoms to two interlayer water. Each interlayer water donates
one hydrogen to an unshared oxygen in the next layer and the other to a
weak bifurcated bond of a coordinated water molecule and an oxygen
shared between octahedra. While exploring this material as a possible
proton conductor, we came across definite evidence showing electrolysis
of interlayer water of crystallisation which give rise to interesting
ion transport and physical properties. Briefly, these can be stated as
follows: .

(1) DIRECT CURRENT ELECTROLYSIS OR COULOMETRY : A sample pellet was
kept in a specially designed Coulometer simlilar to that used by S.
Chandra and N. Singh (J. Phys. C. 16, 3081, 1983) with an additional
provision for measuring volumes of gases evolved both at the cathode
and anode. It was found that hydrogen and oxygen are evolved
respectively at the cathode and anode,

(11) IR AND LASER RAMAN SPECTRA : After electrolysis, the anode
side became yelowish while there was only a slight change in whitish
shade of Mo0,.2H,0 at the cathode. The IR and laser Raman analysis of
the samples %ear the two electrodes show that the dihydrate Mo04.2H.
has been changed to yellow monohydrate MoO3.H5O at the anode while at
the cathode white monohydrate or -MoO3.H;0" is formed. This confirms
our hypothesis of likely electrolysis o; water of crystallisation.

(111) ELECTRICAL CONDUCTIVITY The following significant
observations were made : (a) the a.c. electrical conductivity is a
function of signal level, (b) this effect was more prominent at low
frequencies (100 Hz) than at frequencies greater than 10 KHz, (c)
the a.c. conductivity increased with simultaneous application of d.c.
bias, (d) the conductivity decreased more rapidly with time in vacuum
than in humid atmosphere on constant application of electrical signal.
These observations fit a transport mechanism where the role of lons
obtained by electrolysis is considered.

(iv) NMR UNDER D.C. BIAS Variation of NMR line width with
temperature and d.c. bias has been studied. On application of d.c.
bias, a narrow line shoulder appears superimposed over a broad proton
resonance line. This indicates that protons attached to one of the two
water molecules of MoO .2H20 have only been made mobile. It is
suggested that NMR study under d.c. blas could be an interesting tool
for the study of solid electrolytes in general.
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RAPID ION TRANSPORT IN COMPOSITE ELECTROLYTES

By

A. C. Khandkar and J. B. Wagner, Jr.
Center for Solid STate Science
Arizona State Unjversity
Tempe, AZ 85207 USA

During the past several years, several investicators have reported on the
} enh in duction in electrolytes containing a dispersion

of sub-micron sized insulating particles such as A1;03 and SiO3. This effect
has been commaercially exploited with the successful use of Lil - Al303 com-
posite electrolyte batteries. Yet, the mechanism responsible for the enhance-
ment in conductivity has not been completely explained. In this paper, we
have systematically investigated the effect of water or the “degree of dryness”
of the dispersoid and its role in determining the magnitude of the enhancement
in Lil - composite electrolytes. Conductivity data from 298 X to within 10°
of the meliting point of the host electrolyte material, at 100 Hz to 10 kHz will
be presented. These results will be supplemented with thermogravimetric (TGA)
data and differential scanning calorimetry (DSC) data on the composite elec-
trolytes. Recent work on the LiBr ~ H,0 system indicates the presence of the
hemihydrate phase. Our DSC data on the Lil system shows behavior similar to
the LiBr case, but the TGA data are inconclusive and more work is in progress
to resolve this. . N .

Finally, recently obtained data on Lil composites containing zeolites as the
dispersoid will be pr ted. The ductivity enhancement is about 2 orders
of magnitude and the behavior with respect to temperature is unusual in com~
parison to composites contsining Al203 or $i03. NMR investigations on these
electrolyte composites are currently in progress. Our preliminary results lead
us to speculate that zeclite composites may be useful in addressing some elec-
trode/electrolyte interface problermns prevalent at high drain rates in solid state
Li batteries. The 3-D channel network structure of the zeclite is fikely to pro-
vide rapid conduction paths with relatively longer diffusion lengths thus making
zeclite dispersed Lil a better candidate for use in batteries.
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ERTROPY EFFECTS IN IONIC CONDUCTIVITY

D.P. Almond,

University of Bath,

School of Materials Science,
Claverton Down, Bath BA2 7AY, U.K.

AR, Mest, Fo

University of Aberdeen,

Dept. of Chemistry, :

Meston Walk, Aberdeen AB9 2UE, U.K.

2

Estimates of the entropy of activation for conduction show'that
it is a‘principal source of variation in the magnitude of the conquctivity
preexponential factor for a wide variety of solid electrolytes.‘ Different
kinds of entropy effect are proposed. In materials that copduct by a simple
activated hopping mechanism and that cxhibit a disordering transition in
the mobile ion sublattice, the entropy term may be estimated using S = E/Td
where E is the activation energy for cofiduction at temperatures well below
the disordering temperature, Tq- For materials that conduct by an intersti-
tialcy mechanism or some other coopérative process, the magnitude of the

entropy is reduced and may be negative.

Entropy data have been analysed for a variety of solid electrolytes,
This has permitted a general rationalisation of the entropy term and the

estabHshment of a correlation between entropy, crystal structure and’

.conduction mechanism.

P25/EG-4

STABILITY OF ALKALI [ON-CONDUCTING SOLID AND LIQUID ELECTROLYTES;
THERMODYNAMIC ASPECTS

Gerhard Deudlein and Robert A. Huggins
Depsrtment of Materials Science and Engianeering

Stanford University.
Scantord, CA- 94303

While most of the .attention has been given in receat years to the ques-
tion of the u;g'ttudo of cthe fonic conductivity of solid electrolytes, their

"scleattific and technological applications sre often actuslly limited by their

decomposition or resctions with species in the electrodes.

This problem is especially acute in the case of alkali fon-conducting
cloc:rolyt_n,. due to che great relative stability of altecnative alkali {ion-
containing phuu' that are potential resction products.

The tendency for decosposition and resctions with the electrodes csn be
understood in terus of thermodynamic coneiderations. The principles that are
involved in assessing the stability of both binary and ternary electrolytes,
as well as experimental techniques that cea bs used for their determinstion
will be reviewed. '

Experimental rc-ulti as vell as pkqdictlon- of the stability windows of
several new solid and 1liquid electrolytes will be presented. This will
include seversl families of hydroxide and hydride-containing satertals.



68

P26/EG-5

STKUCTURE OF ADDITIVES IN B-ALUMINA AND ZIRCONIA SUPERIONIC COHDUCTORKS®

W.L. Roth®, R, Wong?, A.I. Goldwen®, E. Canova®, Y.H. Kao®, B. Dunn®

.a. Departuent of Physics, S.U.N.Y. Albany, Albany, NY 12222

b. Cepartment of Physics, S.U.N.Y, Stony Brook, Stony Bruuk, NY 11794
¢. Department of Materials Science, U.C,L.A., Los Angeles, CA 09924

Additives that are coumonly termed stabilizers must be incorporated in
many compounds to obtain structures which exhibit superionic conductivity.
Here we consider sodiun cor.ductoss with t.he rhoubohedral p*-alumina structure
which has been stabilized by Zn and Co and oxygen conductors with the
cutic zirconia structure which has been stabilized with different
concentrations of Y3*, Although the average crystal structures of these
compounds have been deternined by x-ray and neutron diffraction, the local
structures in the vicinity of the additives and the host ions are not kuown,
since elastic scattering gives only the averaae atowic arrangement of ions in
solid sclution. In Y32, Y * replaces Zr in the cation sublattice, and charse
is compensated by 0" vacancies: in p”-alumina, the stabilizers replace Al *
ions in tetrahedrally coordinated Al(2) sites. We have used Extended X- R!!
Absorption Fine Structure (EXAFS) tc investigete the 13«:31 struc ure of ¥
and ir in yttria-stabilized 2irconia (¥SZ) and of Zn and Co* that are
incorporated to stabilize Na p”-alumina. The local structure of Mn implanted
at high energy in Na p-alunina has also been determined; particle
backscattering and channeling studies were previously reported* :

Absorption spectra were taken at room temperature above both the Y and
Zr K-edges of YSZ compounds ranging from 9.4 to 24 mole percent Y 03 and above
the Zn, Co, and Mn K-edges of the stabilized and i.nplantod p-aluminas, Spectra
of 2r0,, SrSroy, CaZrOs, Y303, Zn0, CoO, Coal Mn0 and MnAl,0, were
collected for use as model compounds. It has een found that there are
substantial differences in the local structure of the additive and host ions
in solid solution, In ¥YSZ, the¢ Y-0 bond lengths are longer than thS’Zr-O bvond
lengths, and the oxygen vacancies are preferentially bound to the Y ions. 6n
p°-zluzina, the Zn-0 and Co-O bond distances are longer than the average M
0 bond distances measured by x-ray and neutron diffraction. In Mn-implanted Na
p-alumina, the Mn ions are tetrahedrally coordinated and probably occupy the
same Al(2) sites as the stabilizers irn p"-alumina. We will discuss the
implications of these results to the anomalous conductivity and conductivity
aging of YSZ, stabilization of the f®-alumina crystal structure, and material
synthesis by ion~implantation.

(1) This work was supported ir part by the Office of Naval Research.
(2) W.L. Roth, R.E. Benenson, C. Ji, and L. wielunski, Solid Stzte lonics 9-10
(1983) 1459-1464,
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EFFECTS OF THERMAL HISTORY UPON THE BEHAVIOUR OF CRYSTALLINE
FAST IONIC CONDUCTORS

Fernando Garzon, Thomas Feist and Peter K. Davies

Depai'tment of Materials Science
University of Penngylvania
Philadelphia, PA 19104

) Thermodynamic studies have been made upon crystalline fast ionic con-
ducting systems whose high conductivity is mainly a result of the presence

of vacancies introduced by "aliovalent framework"” substitutions. In partic-
ular we have examined the effects of thermal history upon the behaviour of

this class of materials. The two systems so far studied are NASICON

materjals, Zr Si P (1.9 <. x £ 2.4), and lithium-stabilized Na
beta" aluxm.na]"'x 2% 3x 12

The energetics of the second-order transition in NASICON, x=2, have
been studied previously (1). We first examined the variation of the enthal-
py of this transition with x and found the expected decrease as x increases.
In an attempt to study any effects of thermal history upon the behavxsut of
NASICON we re-heat treated samples both by long-term annealing at 650 C and
by rapid quenching from a 12 hour treatment in a sealed platinum capsule at
1000°C. For each of the samples studied the enthalpy of the low-tempera-
ture, Vv 420 K, phase transition was changed by as much as 158 by the
thermal treatment. No structural decomposition was observed by X-ray dif-
fraction. Samples subjected to the low tesperaturs anneal also show
evidence of a second, broad transition at a higher temperature.

Commercial (Cenmtec& l.ithium-stabnlsed sodium beta”™ alumina ceramics
were also annealed at 700 C for extended periods, and rapidly quenched from
short-term treatments at 1350°C. No decomposition of the samples was
detected by X-rays. Using DSC (Setaram DSC 111) a broad endothermic transi-
tion was observed at ™ 200 C for an untreated sample, the annealed sample
showed a broad transition at v 75 C. Both peaks were observed even after -
repeated cycling under argon. No peaks were detacted in the quenched sample.
Using thermogravimetric analysis the hydration/dehydration behaviour of the
three samples revealed substantial differences for each. The annealed
material shows a much lower water uptake than either the fast quenched ox
untreated samples. The untreated ceramic did not show w.ight loss until
1507C, the annealed and quenched. samples lose all water by S50 °c. we believe
the DSC anomalies reflect, at least in part, the thermal characteristics of
the dehydration behaviour. Once again it is clear the thermal history has

significantly influenced the low temperature enerqetxc behaviour of these
materials. ’

(1) U. V. Alpen, M. F. Bell and W. Wichelhaus, Mat. Res. Bull., 14, 1317
(1979)

This work is supported by the NSF under rants NSF/MRL DMR '
1 82167
(F. G.) and DMR 8316999 (P. K. D.}. ? *
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THE MIXED ALKALI EFFECT
IN CRYSTALLINE SOLID ELECTROLYTES

James A. Bruce and_Malcolm D. Ingram
Department of Chemistry, University of Aberdeen, Aberdeen, Scotland.

In mixed cation f-aluminas a great diversity of behsviour is found,
including deep conductance minima (typical of wixed slkali effects in glass)
snd conductance maxima vhich are described as "co-ionic" effects.  These

(1.2 in 1983, where we argued that these

results vere presented in Grenoble
phenomens reflect differing cation site preferences. We have now tested
these idess by determining partial site occupancies in mixed cation

crystals from structural refinements based on X-ray data.

A coherent pattern emerges. We can reconcile the co;duc:ivity trends
to the site occupanices by means of the paired interatitialoy model. If
the foreign cation enters interstitisl sites direc:li, then the
conductivity may fall sharply, and the slope . of the isothers may then be
interpreted in terms of weak alectrolyte theory. When the foreign ion
avoids these sitcs, thore can scill be a "blocking” effect, which depends
on the closing off of conduction pathways in the crystal. The coionic

. effect (see also ref. (3)), depnndi however on the "uulikn" cations being

sble to exchange sites readily, and is found in Na/Ag and Na/Li B-aluminas.

These results permit useful comparisons to be made betwsen gonduction
mechanisms in glasses and crystals, and enable important similarities and
differences to be highlighted.

(1) J.A. Bruce, M.D. Ingram, Solid State Ionics, 9 & 10 (1983) 717,
(2) J.A. Bruce, C.C. Hunter, M.D. Ingram, ibid, 9 & 10 (1983) 739.

(3) W.L. Roth, G.C. Farrington, Science, 196 (1977) 1332.
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. Water Vapour Electrolysis using Hydronium 8" alumina.
Ion Exchange and Cell Performance.

M.F. Bell and M. Sayer,

Department of Physics, o
Queen's University, Kingston K7L 3N6,
Ontario, Canada. .

P.S. Nicholson and M.Z.A, Munshi,

Department of Metallurgy and Materials Science,
McMaster University, Hamilton, .
Ontario, Canada.

The production of high quaity hydronium beta
alumina ceramics requires the preparation of mixed alkali
compositions of g, 3" alumina as precursors!. To explain the
conductivity behaviour in these precursors,. a theory' was
developed which takes into account not only the proportion of

'3 phase but also the effects of grain misorientation and the
presence of two mobile tons, This theory suggests that the
presence of two mobile tons produces effects similar to those
observed for the "mixed alkali effect”™ in that the
conductivity shows a pronounced minimum at some intermediate
composition,

] In this paper, we show that the mixed alkall effect
also plays a role during ion exchange in that the ceramics
exhibit unusual conductivity changes as the sodium ions are
replaced by hydronium ions., We believe that as the hydronium
ion is univalent and similar in size to the potassium ion, it
is behaving like the alkali ton causing a drop in
conductivity due to site preference,

" Water vapour electrolysis units have been built and
preliminary tests show promising performance. The
theoretical performance of units using protonically
-conducting membranes is.reviewed and compared with

experimental data for hydronium g" alumina cells at a nuaber
of temperatures. '

REFERENCE

1. M.F.Bell, M. Sayér. D.S. Smith and P.S. Nicholson, Solid
State Ionics, 9 & 10 (1983) 731-734. .



16

P2/BA-18

J. D, Barrie, B. Dung, eed O. M. Stafeudd
Department of Materisls Science and Engineering
Univessity of Califorsis, Los Aageles, CA 90024

G. C. Farsington, Materials Soience Department
University of Peansylvesis, Philadelphis, PA 19104

The ion ezchange properties of beta’ slumims have enabjed ns to syo
thesize & wide range of divelent and triveieat compositions. °'“ However, we
have yet .to. comsider ciroumstances in which Lons cepadle of multiple velences

- have been introduced into the conductioca plene. In this paper we report on &

femily of compounds based upon the 34 transition metsls in which, by mesas of
careful processing., we have been sble to preveat the occurrence of mized
valence states. The syathesis, ionic trsnsport behavior, and optical proper—
ties of these materiasls are described. P

The materisls were prepaxed from single et!unl: o!z:mﬂ_. b”-“ al umins
by different processes, Complete exchange of Na' with Co and Ma® " was
achieved by immersing the crystals in appropriste molten ssits st 600 to 700
C, while complete Cr” exchange 'uhobt‘uao A ia vapor phase transport st 700
C. Saobstantisl jon exchange of Tt and Ni was also attsined by the vapor
method. In all cases the nse of controlled atmospheres during sxchange
resulted in_po apperent electronic conduction due to mixed valences, For
example, Mn“~ bets’’ slumins exhibited only lomic conduction processes ss indi-
cated by cgnplo_x inp!fnncn messurements, The conductivity for this msterisl

*

(~1x 10 ohm ~ cm at 300 C) and its sctivation energy (~ 0.60 oV) are
comparable to that of oth,i divalsnt bata’’ slumioas, However, initisl diffo-
sion measurements with Co suggost that this ion is not as mobile as other
divalent cations in beta'’ slomina. Our work slso indicates thet the vslence
states of thess fons are unaffected by thermal cycling in inert stmospheres.
In sddition to transport messaremonts, we have investigsted the optical
properties of several transition metsl beta’’ aluminss., The trsnsition metsl
ions are of interest for solid atate tgleblo laﬁu beceunse of their broad
bsnd fluorescence properties, Both Cr and Ti exhibit brosd emission spec—
tra, the latter ranging from 0.64 p to 1.1 p, with peak emission at 0.68 u.

Fluorescence lifetimes were found to be in close agreement with publ ished data -

for these iouos in other ozide hosts. .

Io summary, the unique ion exchange properties of beta'’ alumins have
enabled us to prepare a family of transition metal solid electrolytes. It is
possible to achieve specific valence states and tou obtain ionicslly conductive
materials., Forthermore, the optical properties of these beta’ aluminas should
be of interest for both structure and spectroscopy studics:

1. G.- C. Farrington, B. Dupn snd J. 0. Thomss, Apl. Phys. A, 32, 159
(1983) .

2. G. C. Farrington, B. Dunn, Solid State fonics 7, 267 (1982).

CORROSION OF Na g- AND Na g"-ALUMINA IN CO,-H,01’
J. B. Bates and R. L. Anderson )

Solid State Division, Qak Ridge National Laboratory
Oak Ridge, Tennessee 37831

Sodium g"-alumina reacts2 with CO, and H,0 at 25°C according to
Nag" + €0, + 24,0 = NaHCOy + Hy08" m

when éxposed:to a'h{gh pressure of C0, (Pcoz = 105 Pa) saturated with H,0 or
according to .

2Nag" + (0, + 13H,0 = Na,CO3-10H,0 + 2,08 (2)

when the electrolyte is exposed.to H,0-saturated air, with Py g « 3 kPa.
Under these conditions, the occurrence of reaction (2) requir@s the standard
free energy of H30 g"-alumina to be lower than that of Na g"-alumina by at
least 35 kjoule/mol.’ .

During the course of these reactions, Na* ions removed from the surface of the
electrolyte are replaced by H;0* jons., The reaction proceeds until the layer
of bicarbonate or hydrated carbonate formed prevents further contact of the
gas phase species with the electrolyte surface. The NaHCO, layer formed on
the surfaces of a commercial Li-stabilized Na g"-alumina ceramic is estimated
to be 20 to 50 um thick after.exposure to H,0-saturated C0, for several days.
On heating a specimen exposed to CO,-H,0, the H o+ fons in the conduction
layers decompose to form OH groups. The removal of OH from the specimen by
heating to 600°C is believed to occur? by formation and elimination of H0
which implies an irreversible loss of oxygen from the conduction layers.

The formation of NaHCO4 and Na,CO3-xH,0 on the surfaces of single crystal
and polycrystalline samples of Na g-and Na g"-alumina can be observed using
scanning electron microscopy. The formation of NaHCO, on freshly polished
surfaces is first noticed by the appearance of crysta?line, plume-shaped
clusters having many small filaments extending from several branches.
Evidence of film formation can be seen in some regions of the surface after
exposure to H,0-saturated CO, for 1 day. During exposure for several days,
large crystalfine clusters are evidently formed at the expense of smaller
ones, and the presence of an underlying film of bicarbonate is more obvious.
Similar features were seen after exposure of Na g-alumina to CO, and H,0, but
their rate of growth was slower, .

lResearch sponsored by the Division of Materials Sciences, U.S. Department
of Energy under contract -DE-AC05-840R21400 with Martin Marietta Energy
Systems, Inc. - .
2J. B. Bates, D. Dohy, and R. L. Anderson, J. Mater. Sci. (in press), 1984.
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Influence of Stoichiometry and the Nature of the Spinel-Block
stabilizing Element on Proton Transport Behavior in Solid
Electrolytes with the §° -Alumina Structure

S. W. Smoot, W. P. Halperin and D. B. Whitmore
Departments of Materjals Science and Engineering and Physics,
Northwestern University
Evanston, Illinois 60201

U.S.A.

Abstract

As an extension of prior work done in this laboratory on
proton transport in N8, -8,0 p"-alumina, we report here new proton
diffusion coefficient and conductivity measurements on: (a)
magnesia-stabilized NA,-R,0 #”-elumina crystals with a subscan-
tially different stoichiometry than in those used earlier: and
(b)Y NH,-H,0 §" -gallate crystals where stabjlization of the as-
grown crystal involves sodium substitution in the spinel block.
Proton diffusion coefficients on both compounds were accomplished
over the temperature range 300-450K with the aid of a pulsed
field gradient NMR techriique, whereas a complex admittance method
was empioyed to obtain the protonic conductivities reported here
:or the same temperature interval. In the light of the present
aﬁd earlier observations of protonic transport behavior, {deas
aie discussed cohcernlnq (a) possible mechanisms of proton trans-

port and (b) the role played by stoichiometry and the type of

spinel-block stabilizing element in these §° materials.
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THE EFFECT OF QUENCHING ON THE Na'
Na*B"-ALUMINA

ION DISTRIBUTION IN

Maggie Aldén) John O. 'rhomas1 and Peter Davies?

1Institute of Chemistry, University of Uppsala, Box 531,
5-751 21 Uppsala, Sweden

2Depattment of Materials Science and Engineering K1, University
of Pennsylvania, Philadelphia, PA 19104, U.S.A.

angle—crystal neutron diffraction has detected short-range-
-ordering in the Mg/Al occupation of the Al{2) site at the
centre of the spinel-block in Na*B8"-alumina (Ref. 1) - -

a result inaccessible to earlier X-ray studies. Implicit in
this discovery is that this lowering in the local symmetry in
the spinel-block can influence the electrostatic potential and
hence the effective local ionic arrangement in the conduction
plane.

More recently a study has been made of the ionic conductivity
of single-crystals of Na’B"-alumlna which had been quenched
rapidly from above 1000°C. In a few cases it was found that the
crystals displayed anomalously high conductivities and low
activation energies at low temperatures (Re§. 2). The notion
suggests itself that this enhanced conductivity is related to
the freezing~in of Mg/Al occupation randomicity at the Al(2)
site. Single-crystal neutron diffraction studies of quenched
and unquenched crystals were undertaken to probe this situa-
tion further. .

Little difference was, in fact, observed in the Mg/Al ordering,
while differences were found for the Na® ions such that a less
ordered Na* arrangement was obtained at ambient temperature in
the quenched crystal. This result has important implications

as regards the mode of fabrication of Na‘* 8"-alumina, especial-
ly for battery applications where optimal ionic conductivity

is of major importance.

Refenences

1. K.G. Frase, J.0. Thomas & G.C. Farrington (1983) Soldd
State londics, 9/!0 307.

2. P. Davies. Unpublished results.
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"FABRICATION, CHARACTERISATION AND STEAM ELECTROLYSIS PROPBIITIBS or
POLYCRYSTALLINE H,0%-B/8"-ALUMINAS"

Authors: Patrick S. Nicholson, Masayuki Nagai, Zafar Munshi, Govind Singh,
Kimihiro Yamashita
Ceramic Engineering Research Group
Departwent of Metallurgy snd Materials Science
McMaster University
Hamilton, Ontario, Cun-da

and Michael Sayer, Michael Bell
Department of Physics
Queens University
Kingston, Ontario, Canada

Polycrystalline Hy0*-8/8"~Alumina ceramics have been fabricated and
used successfully to electrolyss steam at +100°C. The ceramic precursor 1s
s mixed alkali B/8"-alumins of sufficient mechanical strength to vithstand
the necessary potassium and hydronium ion exchange procedures required to
produce the hydronium 8/8"-alumina polycrystals.

The fabrication and ion exchange procedures sre described. The rate of
ion exchange in hot concentrated H;50, was monitored via changes in the alkali
solution content. Field assisted ion-exchange in dilute B;S50, was also
studied from the current/time charscteristics of the process. The ion ex-
change process kinetics were modelled sssuming the diffusion of n,o* to be
rate determining of the process.

The interphase relationships and the residence phase of the 2lksld com-
ponents have been studied by quantitative scansing-transmission-electron-
microscopy and the results are described.

The Hy0%-B/8"~-A1;0, ceramics have been used in stean cells and stean

‘electrolysis demonstrated. Cell design is described and the current/volcage/

time characteristics discussed. Platinum has been used as s successful

electrode material but seal and electrode problems have been enconnuud at
the higher temperatures.
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THERMODYNAMICS OF MIXING IN BETA lLUNIN&SfREU‘l’ldI
TO THE MIXED ALKALI EFFECT

Peter K. Davies, Gregory Pfeiffer and S. Canfield

Department of Materials Science
University of Pennsylvania
Philadelphia, PA 19104

Several studies have been made of mixed-cation bata and beta® aluminas.
It is wall known that relative to the pure materials the mixed-ion beta
aluminas generally show a large decreass in conductivity and an associated
increase in activation energy (1,2). This phenomenon is analogous to the
behaviour of mixed alkali glass systems and is termed the mixed-alkali
effect (3). Many attempts at modelling and interpreting this effect have
been made. Recent models for beta alumina systems have relied upon a weak
elaectrolyte model and assumptions concerning the site prefsrences of the
alkali ions (2).

Using equilibrium ion-exchange techniques we have detsrmined the '
thermodynamic mixing properties of the binary Na-K,-Ag,-Li and ~T1 beta
alumina systems and the Na-K beta® alumina system. All the beta alumina
binaries, with the notable exception of Na-T1l, show a strong mixed alkall
effect. Our activity data indicate each system shows negative deviations
from ideal behaviour, indicative of cation order. Na-T1 beta aluminas are
anomalous in that small positive deviations occur. The Na-K beta” alumina
binary system shows a transition from negative to positive deviations with
increasing X content.

We have modelled behaviour for Na-K beta alumina using modified
reqular solution models. In this model complete order via Na-K ion pairing
is assumed in the ‘interstitial’ sites, with ideal or small positive devia-
tions on the BR sites. An excellent fit is found between the experimsntal
data and the model. Using re-calculated ‘effective activities' of ions in
the interstitial sites we predict conducuvituu in reasonable agreement
with experimental data.

We believe our data strongly supports an ‘'ion-pair’ model for the
behaviour of the binary beta aluminas. DOrawing analogies with behaviour in -
molten-salt systems we will suggest a possible driving-force toz the order
observed in these binary systeas. .

{1) M. D. Ingram and C. T. Moynihan, Solid State Ionics, 6, 103 (1982).
(2) 3. A. Bruce and M. D. Ingram, Solid State Ionics, 9-10, 717 (1983).
(3) J. Isard, J. Non Cryst. Solids, 1, 235 (l969).

This work is supported by the NSP under gtmu NSF/MRL DMR 8216718
(G. P.) and DMR 8116999 (P. X. D.).
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Lvidence of Mobile lon Correlation Between Conduction Ulanes in gealumina

S. Chen, N. Otsuka and 1. Sato
" School of Materials Engineering, Purdue University, West Lalayeu_e, la 47007

Due to the mutual, repulsive interaction between conduction cation, an ordered struc-
ture of these ions can form in the conduction plane. This ordered arrangement how-
ever, can cause a significant decrease in the ionic conductivity of the material. X-ray
dilfuse scattering studies have shown that as a result of ordering, an av3xav3 superlat-
tice can exist co-planar to the conduction layer. Ilowever, any cation ordering in the
third dimension i.e. between conduction planes, have not been clearly established.

Using crystalline f-aluminas grown by a melt and a flux growth technique, the correla-
tion: between conduction cation have been examined by electron diffraction in ion
Lubangcd Na*, K*, Rb* and Ag* B-aluminas. In addition -to the correlauon of
n:.:bile ions within lhe conduction plane, the correlation between . conducuon layers
have also been detected in Rb* g-alumina with periods of 68.4A and 22. 8A or three
and one multiples of the ¢ dimension. " The correlation in the ¢ dlrecuon is not as
strong as that in the a-b or conduction plane. A model to account for this ordered
structure in the ¢ direction as well as a pumblo meclmmsm for such long distance
correlation through spinel blocks are discussed:

" Accepted for publication in ihe January issue of Solid State lontcs, 1985.
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A COMPARISON BETWEEN 'MIXED PHASE ELECTRODE' AND PERCOLATIQN MODELS
FOR COMPOSITE ELECTRODES IN SOLID STATE CELLS

Kenneth D.M. Harris, Michael D. Rogers and Colin A. Vincent,
Department of Chemistry, University of St. Andrews,
St. Andrews, Fife KY16 9ST, Scotland.

. A mixed phase region, situated between the electronic terminal and
the ionic conductlng phases of an all solid state cell, and consisting of
partxcles of both ionic and electronic conductor, is frequently used to
improve the power output of such a cell by increasing the effective contact
area between the two bulk phases. A simple computer model (MPE model) of
such systems has been described previously in which the operative contact
area is estimated in terms of the number of 'links' counted between chains
of electronically and ionically conducting particles.

Certain similarities exist between this model and percolation models
used to describe electrical conduction in systems consisting of mixtures
of conducting and insulating phases. Conduction in typical percolation
models requires that the particles of the conducting phase are connected
simultaneously to both end faces of the region under-investigation. In the
MPE model the tequirencnt is rather differsnt, namely that the chains of
electronic and ionic conduc:xng particles are connected back only to their
own respective bulk phase, i.e. to & single end face.

The computer model for the mixed phase region has been modified to
enable a count of the operative links to be made under a variety of perco-
lation conditions. A direct comparison between the original MPE model and
models based on standard percolation conditions has been undertaken over a
full composition range of each componeant. When both phases are above a
certain critical percolation 'threshold' a close similarity is observed;
for either phase below the threshold, marked differences between the models
exist, with the most striking divergence occurring at coapou:ion values
just below the threshold.

In general, the_resulu using: the most relliuic model. confirn that
increasing the thickness of a composite eléctrode increases the operative
contact arez in a proportional manner, provided that the percentage of
each componeant is sbove a particular value. Below this limit, there is no
sharp cut-off in the effectiveness of the minor component, but its useful-
ness diminishes rapidly as the thickness of the composite l’egxon is m-
creased. -

Within the models, different shapes and sizes of lattice and the
variation in relative particle size have bun axamined, and the results of
these calculations vxll be discussed.-
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Cu DIFFUSION COEFFICISNT IN 'vsou-a.\sso COMPCSITE ELECTRODES DETEPMINED SY

A CALVANOSTATIC PILSE RELAXATION TECHNIQUE.

C.A.C. SEQUEIRA

Laboratouio Je Elsctroquiaica, Instituto Superior Técnico,
Av. Rovisco rais, 1096 Lisbos Codex (Tel. 804589 - Telex 63423 IST UTL/§)

The importance of V.0 3-‘.>ased ccrmposites as rosts for the electrniatecce
laticn of stomie spg.:}es has racently been p.inted out by various authors.
The diffusicn coefficient of the relevant species is certainly cne of the
T8t iiporiant pararaters characterizing a inixed conductor; therefore, is
view of possible applications its determination scems useful. In this
respect non-stativnary clectrochemical techniques offer considersble
advaatagzes. :

The nain aim of tha present study was the determination of the diffusion
coufficient of capper in V.0 _-~hased cermposize electrodes employing &

tu‘g technique. The study covered a tange of
romposition and temparature.

‘n all-solid state cylindrical cell utilizing a disc of Rb“Cu 617"‘ g
electrolyte, a cocpesite working electrode b s2d on V.0 s 8 suc o} Cu as
counter clectrode and a Cu/Rb,Cu t,(:l.l annular reference electrode, has
bran used for the mezsurerents. &g.Cu J ct was obtained from Basic
Volurw Limited, Lordun. Composite i:'leltereljuu fabricated by an intizste
uixies of pre-ball-ailled V.0 powder toget‘ier with acetylene black, to
provide adiiticnal elcctronic Conductivity, in che appropriate solutiva of
palyethylens oxide, isopropyl alcohol and anhiydrous acetonitrile. This wes

- followed by casting directly onto a metal foil curremt collector.

falvanostatic pulscs of short duration (~1s) in the range lo-ZSU/AAcn’z

‘weve applied to the cell and the resulting cverpotential /time curves were

analyzed. Plotting # =f(t) straight lines vere cbtained, Lrom vhich the
diffusion coefficients could be calculated.

‘Tha chemical diffusivity of copper in V,0 ..2E0 composite structures is
tepurature & composition dependent, .n3 ll. average value su3pests the
retenzial usefulness of these cathede naterials for advanced solid stats
2opper elactroctiemical cells.
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LITHIUM INSERTION INTO IRON SPINELS

C.J. Chen and M. Greesblatt

Departasnt of Chemistry .
Rutgers, The State University of New lersesy
New Brunswvick, Wew Jersey 08903

Several iron spinels, ¥IIrejo, with MII o Mn,Pe,Co,Ni,Cu,Zn or Cd have
been lithisted using o-Buli snd electrochemical methods, redpectively. The
asount of L1 ‘ions that may be inserted into the cavities of the spinel
frasework structure (i.e. x in Li,MFe204) is depeadent ca the nature and
distribution of cations, and is fin the range 0.3 ¢ x < 2.0 for the various
compounds studied. The inverse spinels with reducible red* occcupying the
tetrahedral sites can accommodate s greater smount of Li ions than the anormal
spinels. The size of the cations appears to have negligible effect oa ths
exteat of lithium insertion. Intensity changes of thé reflection peaks of the
x~ray powder diffraction patterns of the lithiasted spinsle compsred to the
hosts jodicate that the cations are redistributed upon lithius insertion. The
spinel etructure transforms to the rock salt structute for the fully lithisted
spinels in sach cass, in agresment with the reaction mechsnisa of lithium
iasertion in spinels proposed by Goodenough.

$7%e Mossbauer results show the presence of wixed valest Pe(III) end
Fe(Il) and in the tempsrature rangs 50K < T ¢ 300K & valeance sveraging
(electron hopping) phenomenca. The slectrical comductivity of the lithisted
spinels is several orders of segnitude larger ;:n‘tlut‘o! ‘h:r“ saterials
coafiraing charge hopping. Tha temperaturs variatios of saguetic
Inle.pu::uty :: the lithisted spinels indicates very large magaetic axchange
interactions and transition te & spin glass atate at lov temperstures.

Results of a neutron diffraction powder profile smalyesis of LijzFe30y will
be discuseed.
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The Crystal Structures of Lithium Inserted : DISORDER AND TRANSPORT IN 8-LITHIUM/ALUNINUN®
Metal Oxides: LiV,0q
Tordben 0. Brum, Sherman Susean, Jens-Erik Jérgensan,

- -
R. J. Cava , A. Santoro', D. W. Murphy and R. S. Roth* John Faber, Ir. and Kenneth J. Volin

'AT&T Bell Laboratories - . Argoone National Laboratory
600 Mountain Avenue Argounne, Illinols, U.S.A.
Murray Hill, NJ 07974

*National Bureau of Standards Neutron diffrsction experiments io 8-1i “l-x have nov been gxtended to
washington, D.C. 20234 the upper phase boundary (x = 0.536) end to Ehe 1ower phase boundary (x =
. 0.480) for the purpose of determining the mechaniss of Li-fon transport.
Tenpetrature-dependent neutron diffraction messuresments were performed from
460°C to 625°C and st room tempersture . Isproved fnstrumentation snd sample-
containment techniques have resulted in enhanced quantitative accuracy.
Rietveld refinement of the diffrection patterns has baoen used to test various
defect models for x = 0.536. The best fit {s to a disordsr model in which

The insertion of lithium at ambient temperature into V,O0. to Li“ and Al“ teciprocal, anti-gite, defect pairs are genersted in increasing
a stoichiometry LiV 05 ‘has been studied extensively both chgm§cauy concentrations with increasing teaperature. By extrapolation of the .
and electrochemicaliy. The reaction was reported by various groups intggraged areas of low Q reflactions 1o a VWilson plot (log intensity ve.
to be without significant structural change of the host, based on #10°0/1%), 1t is shoun that ~ 35X of the lithium lattice s occupied by
the power X-ray diffraction patterns of the product. The idealized sluninum at 623°C. Difference Fourier maps give no {ndication of intarstitial
structure of V.0, is a crystallographic shear of the ReO, type Li. Ve submit that this order-disorder process is preseat for all B8-Lt Aly o
structure with2block size 2 octahedra wide and infinite in the compositions in high-temperature, Li-metal sulfide battartas (T > s15°cy. For

x ¢ 0.507, hopping of free vacancies is the dominant mechanism of Li-fon
transport. For x > 0.507, the order-disorder process is the trsnsport
mechanism.

2 other directions. Neighboring blocks are joined by edge sharing
and all other octahedra are joined through corner sharing. With
only 1 set of shear planes present, the ideal host structure is
flexible about the many shared corners of vo6 octahedra. 1In the
real structure, however, there is one long V=0 bond in each VO
"Octahedron" which results in an effectively layer-like structSre,
and thus allows the possibility of further structural distortion
on insertion.

We have found that the structure of lithium inserted V,0. is,
in fact, significantly distorted during Li insertion: the Lz ?s
accommodated through separation, puckering, and shifting of the
layers in the host; which occurs through the breaking of the long
V-0 bonds in the host. The distorted host has sites of perfect
geometry for Li accommodation. Because the host is significantly
altered during Li insertion, highly unconventional techniques

had to be employed to solve the structure based on powder
diffraction data, which is the only data available due to breaking
of ‘single crystals of host materials during insertion reactions.
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ELECTRICAL AND OPTICAL PROPERTIES
OF LITHIUM INTERCALATED III - VI COMPOUNDS

E. HATZIKRANIOT1S, C. JULIEN and M. BALKANSKI

Laboratoire de Physique des Solides
associé au CNRS

Université Pierre & Marie Curie
4 Place Jussieu
75230 PARIS CEDEX 05, FRANCE

IIT - VI Layered compounds such as InSe and GaSe are intercalated with
Lithium by spontaneous reaction in n-butyllithium and electrochemical
process. These compounds show to be good hosts for the insertion of
lithium at ambient temperature. In this report we present results ob-
tained on lithium insertion reaction of several such compounds. The
insertion reaction is characterized by the time resistivity variation

of the host material.

The Li intercalation into InSe is studied by galvanostatic electrochemical

methods. We have investigated the charge and discharge at different

" current densities over the range of EMF'S commonly encountered in secon-

dary cells. Electrical transport measurements on Li intercalated InSe
and GaSe are studied, the results show a change by 3-orders of magni-
tude of the conductivity with respect to non intercalated samples.
Optical properties have been investigated by Raman spectroscupy and

excitation spectra. The effect of Li intercalation on the phonon spectra

. of the host lattice has been studied by Raman scattering. We observe a

broad band at low frequeancy for the excitation by 488 nm Laser Line,

and see a resonance enhancement in the Raman scattering of Li intercala-~
ted samples at 4.2 K. The effect of Li intercalation on the electronic
structure of the host material is studied in the E: exciton region in
LixInSe. The excitation spectrum shows a strong band at 2.535 eV and a
complex stucture at lower energy. By further investigation of the exci-
tation spectra we hope to be able to demonstrate that this method is a

good probe for the diffusion processes into these electrode materials.
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ELECTRODE MATERIALS ON THE BASE OF CUPROUS
" CHALCOGENIDES

L. D. Yushina and V. |. Terekhov
institute of Electrochemistry
Ural Science Center, USSR Academy of Science
Sverdiovsk
USSR

Investigating the electrode materials which can convertibly
function on the boundary with Cu*-conducting solid electrolytes,
we have synthesized a great number of composites on the base of
univalent cuprous chalcogenldes. Cuprous tellurides and selenides
were taken as initial salts since they possess propemes which
Suggest mixed conductivity.

" Physico-chemical properties of binary and temary systems of
general compositions (Cu,_;Te)a(AgP,0.),:
(Cu,S)a(Cu,_, Te)y(AG4P,07): (Cup_  Te)a(Na POk,
(Cu,_,Se)a(AgP,0;),: and (Cuz_,Se)a(Na.,PzOﬂb have been
studied. .

In an attempt to obtain electrode materials having high ‘elec-
tronic conductivity with a marked ion conductivity, we introduced a

- stabilizing phosphate ion into the lattice of nonstoichiometric

cuprous chalcogenide. But since cuprous phosphates decompose
tong before the inital saits start to meit, we had to usesodium and
silver phosphates as a carrier of the phosphate groups.

For the materiais being synthesized, the total, electronic and
ionic conductivities, was being defined as well as cumulative and
electrolytic capacities, structure and other parameters. At the same
time, by means of solid-phase coulometric titration, we evaluated
the maximum concentration of copper which can electrochemically
dissolve in the material.

In making electrochemical measurements, RbCul,Cl; and
RbCul, 75Cly o5, Whose synthesis was effected according to the
techniques described in the literature, were used -as solid
electrolytes.

The research done allowed a number of composites to be
chosen as optimal electrode materials. In using such types of
electrodes, an electrochemical cell permitted multiple cycling. .
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ESR STUDY OF COLOR CENTERS IN YTTRIA STABILIZED ZIRCONIA

OXYGEN DIFFUSIVITY IN Mo-MoO., REFERENCE ELECTRODE OF OXYGEN PROBE FROM J. Shinar, D.S. Tannhauser, Department of Phys{cs

2

ELECTROCHEMICAL MEASUREMENTS . and
. B.L. Silver, Department of Chemistry
Wang Nanmeng
Shanghai Metallurgical Instruments
and Measurements Factory
China

Technion, Israel Institute of Technology, Haifa, lsrael

Single crystals of yttria stabilized zirconia with a composition
Zro 4V0 16 1,92+ 8Town by skull melting, were colored by reduction to
equl? brium at” 1100°C - in a flowing atmosphere of 15% H; in Np. An
probe was measured by an electrochemical method, at 1600°C to be: Do = ESR signal, which disappeared on reoxydation, was detected in the colored
crystals at room temperature. The concentration of spins in the sample
(3x1017 cm-3) agrees with other measurements(1) of electron concentration
with the values of DoFe and the oxygen diffusivity in steel melt in reduced samples.’ :

: > Fe -
reported in the literature, we found that Do\(o is as }-5 times as Do .

The oxygen diffusivity in a Ho-MoO2 reference mlxthre of oxygen

+1. -
7.08 (-2.80) xl10 Acm 2/5. Comparing the values of_DoMo obtained here

The g-tensor was determined with the use of a sample of DPPH as

This indicates that oxygen diffusion {n molten steel is the main rate- standard, the same sample served to calibrate the strength of the signal

in number of spins. The spectrum could be accounted for completely in

terms of a single type of paramagnetic center having four possible
orientations in the crystal. The g-tensor of the center is axially symmetric
and has principal values of 1.86 and 1.95. The unique axis is al:gned aiong
the <111> direction in the crystal. The linewidth of the signal varies

from ~33 gauss for the magnetic field along the axis associated vith the
high g-value, to ~65 gauss for the low g -value plane.

controlling step in the kinetic processes of oxygen cells.

The results can be rationalized in terms of an electron trapped at an’
oxygen vatancy adjacent to an yttrium ion. The nearest neighbors of the- -
vacancy are four tetrahedrally arranged cations, ‘which will therefore .
include one yttrium and normally three zirconiumdions. ‘Such a ienter will
have axial symmetry, as observed. Since the abundance of 1Ir is only
11%, the dominant contribution to the ESR line will be given by centers
not containing any Zr ions with a magnetic nucleus. The ESR lines from
these centers will be inhomogenously broadened by the hyperfine interaction
with Y89, The anisotropic nature of this interaction should result in a
g-dependent linewidth which varies by a factor of two as indeed observed
within experimental error. We observed onlyone type of center, in contiist
to at least three types observed in crystals reduced electrolytically.

References:

1. W. Weppner, Z. Naturforsch, 3la, 1336 (1976).
2. J.S. Thorpe, A. Aypar and J.S. Ross, J. Mat: Science, 1.729 (1972).
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STRUCTURAL STUDIES ON ZrOz-YzO3 SYSTEM BY ELECTRON DIFFRACTION AND
ELECTRON MICROSCOPY

S..Suzuki, M. Ishigame* and M. Tanaka

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

*Research Institute for Scientific Measurements, Tohoku University,
Sendai 980, Japan )

The oxygen-ion arrangements in the f.c.c. phase of 10-50 mol% Y,;0;-
ZrO; have been investigated by electron diffraction and high-resolution
electron microscopy. One of the authors {(M.I.) made bulk single crystals
by melting the mixture of ZrO; and Y,0y powder using the solar furnace of
Tohoku University.

The diffuse scattering ‘has been observed in the electron diffraction
patterns and is sorted into three types, or 10, 20-30 and 40-50 mols Y,04
types. By analysing the diffuse scattering, we have determined these
crystal structures, which are characterized by the specific displacements
of oxygen-ions. The structure of 10 molN Y0, obtained in this study is
completely the same as that obtained by Faber et al. 1), The structure of

' 20-30 mol% has been found to be the modulated structure which has the wave

number of the modulation G=7/ay[l11l] and is accompanied by periodic anti-
phase domain boundaries, where a, is the lattice constant of the f.c.c.
2r0;. The structure of 40-50 mol\ has been revealed as a random mixture
of two modulated structures whose wave number vectors are q-n/ao[um and
'q-ZW/nolllol . The high-resolution electron microscopic images for the
structures of 20-50 mol® have been interpreted consistently by the above
results obtained by electron diffraction. The structures of 20-50 mols
did not develop to any ordered states. We can say that each observed
state is a kind of glassy state. It is emphasized that these modulated
structures have been found in the phase which has been believed to be a
single f.c.c. phase until now. The characteristic changes of the oxygen
ion displacements from pure ZrO; to pure Y03 can be clarified systemat-
ically by describing the digplacements in terms of the molecular- and
lattice-vibrational modes. The ionic conductivity in this system reaches
to the maximum at about 10 mol% Y,0;, although the apparent vacancy con-
centration increases as the amount of Y;03 increases. This fact is read-
ily expected from the present experiments. That is, the modulated struc-
tures are formed and the vacancies available for ionic-conduction are
decreased, when the amount of Y03 is beyond 10 mols.

1) J. Faber et al.: Phys. Rev. B17 (1978) 488d.
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E-NMR STUDIES QF IONIC MOTIONS IN LAYERED AND GLASSY OOMPOUNDS
Paul Heitjans

Fachbereich physik, Universitit Marburg, Renthof 5, 3550 Marburg,W.-Germany

The method of B-radiation detected nuclear magnetic resonance (B-NMR) is
introduced and its features and capabilities as a new tool for the study
of jonic motions on a microscopic scale are discussed, partly in campari-
son with canventional NMR. Information on atam dynamics is obtained fram
spin-lattice relaxation rates and resonance spectra of isolated B-active
nuclei embedded in the sample. The polarized probe nuclei are produced in
situ by irradiating the sample with polarized thermal neutrons. The nuclear
polarization is monitored via the anisotropy of the B-radiation.

Recent applications to the field of solid state jonics are reviewed. As
examples of S-NMR on solids with a layer structure measurements on the in-
tercalation campound LiC¢ and the ionic conductar LijN are discussed.
Brphasis is on the qustiom of anisotropic and law-é.i.manswnal diffusion.
As representatives of strongly disordered solids we deal with lithium borate
ard silicate glasses. By spin-relaxatjon measurements over wide temperature
and magnetic field ranges different modes of ionic motion were found. We
discuss in particular the low-tamperature data which can be explained by
inhamogenecus relaxation of the isolated nuclear spins via defect centres
typical of glasses. Camparison with results fram conventional NMR yields
additional information on the defect centres.
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NEUTRON DIFFRACTION AND TSDC ON Baj_,U,Fp,5, SOLID ELECTROLYTES

M.Ouwerkerk, N.H.Andersen®, F.F.Veldkamp, J.Schoonmain*
Solid State Department

*Risd National Laboratory

Utrecht University P.O.Box 49
P.0.Box 80.000 DK-4000 Roskilde
3508 TA Utrecht Denmark

The Netherlands

+present address: Laboratory of Inorganxc .and Physical
Chemistry
Delft University of Technology
P.0.Box 5045
2600 GA Delft, The Netherlands

ABSTRACT

The defect structure of Baj_,U,Fo,9, solid solutions (x<0.17) which exhibit
fast fluoride ion conductivity has been investigated by neutron diffraction,
Thermally Stimulated Depolarization Current (TSDC) measurements, and a novel
technique comprising neutron diffraction on a polarized solid solution.

The diffraction pattern was scanned in the X00/OYY plane, and fitted to

computed diffraction patterns of defect clusters. It appeared that the major
fraction of the UF, content is present in (212) clusters comprising one dop-

ant ion, four fluoride interstitials, and two fluoride ion vacancies. They

- do not form larger aggregates at high solute levels like the reported clus-

ter aggregation in Baj_,La,Fp,, (1).

The TSDC spectra of Bay_,U,Fy.2x (x<0.05) reveal six relaxation peaks with
concentration invariant positions, but concentration dependent magnitudes.
Awsﬁace charge peak related to ionic conductivity decreased over 200 degrees
with increasing solute content. Migration enthalpies derived from the space
charge peaks compare very well with conductivity activation enthalpies.

The six dipolar relaxations can be related with the possible reorientations
of a polarized (212) cluster. A direct indication of its freedom of orienta-
tion is obtained from neutron diffraction experiments at liquid helium temp-
eraiure on a polarized Bag g5Ug, gsFz,)0 crystal. This novel approach in the
study of defect clusters revealed a significant change in the diffraction
pattern due to a polarized state of the (212) cluster.

The results of the present study will be related to the composition depen-
dence of the ionic conductivity of the Baj_,U,Fy, 5, solid electrolytes.

1. J.K.Kjems, N.H.Andersen, J.Schoonman, K.Clausen: Physica 120B, 357 (1983)
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NEUTRON POWDER DIFFRACTION STUDY OF THE STRUCTURE OF THE COMPOUND

lo 3‘l.ac' 56H00
E. LUKACEVIC A. SANTORO, and R. S. ROTH
National Bureau of Stnadards, Galthersburg, MD 20899

The structure of the title compound has been analyzed by neutron
powder diffraction techniques and by the Rietveld method. The material
crystallizes with the symmetry of space group Ih‘ln. The lattice parameters

are a = 5.335, ¢ = 11,579 A.
The Laa.

fully occupy sites l4a and the 02'
z = .2074.

P 6.27, R

The framework structure is of sheelite type.
The Ho6' fons

fons sites 16f with x = 1013, y = 0116,
The R-factors at this stage of refinement are R" - 6.52,

= 8.01 and ihe expected value i3 RE e 8,46, There are several

fons are statistically distridbuted on the sites Ub.

L]

possible locations for the Ll' ions. A likely position would de site 8e

with z ~ 3/8. In this configuration the L1® ions would be placed halfway,

along the b-axis, between the "060 and the Laa' cations. So far, however,
attempts to locate these fons have been unsuccessful and refinements of the

structure seem to be pecultarly insensitive to the Lt positions.
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STRUCTURAL "STUDY OF Agl~Ag30'E,0' GLASSES
BY EXAFS SPEC TROSCOPY -
G. DALBA A. FONTANA P. FORNASINI £ .RocCA®
+ Dipartimento di Fisjca, Universita di Trento, 38050 POVO TN, ITALY
e Centro di Fisica degli steti aggregaci ed impianto 1on1co del CAR,
38050 POVO TN, ITALY

EXAFS spectroscopy is a pdgerf&l tool for the investigation of the short
range order in amorphous materials. In particular for multicomponent systems
EXAFS, due to its selectivity, can give direct information on the coordina=-
tion of single atomic species.

The structural study of the fast ion conducting glasses Agl:Ag,0: 6,0,
by EXAFS {s in progress since two years.

Our attention was firstly dedicated to the binary matrix Ag‘D B0, at
different relative concentrations of the components. The coordination of
silver ions has been determined . (1,2)

In this work we present structural results concerning the ternary
glasses Agl: Ag, O: B‘D, . EXAFS mgasurements have been performed at the L
and K edge of silver and at the L_ adge of iodine for various rglative
concentrations of the components.

The EXAFS at the L. edge of lodine shows a first coordination shell
strikingly similar to that of j-AgI for all the glasses considered.
This means that each foding ion is surrounded by four silvar ions at a
distance of about 2.8 A. This gimilarity lachs beyond the first shell, the
glasses being caracterized by a more disordered situation.
A more accurate analysis is in progress to study the slight variations of
interatomic distances and Debye-Waller factors for the first shell as a
function of concentration.and to verify the pousible existence of a second
shall due to xodino -iodine d!stonces.

The EXAFS study is complated by the analysis of the edges of silver.
This anslysis discriminates the two possible first shell coordinations
of silver: Ag-0 and Ag-T , and will allow to determing interatomic
distances and coordination numbers for the Ag-1 bonds.

Final aim of the EXAFS analysis is to give a precise picture of the
bands of the silver ions on the ona hand with the borate network, on the
other with the iodine ions.

This should contribute to understand whether all silver ions contribute
to ths lonic conduction in the same way or the silver ions bonded to iodine
play a predominant role. A

(1) E.Bernieri et al., Sol.St.Comm. 48,421 (1983)
(2) G.Dalba et al., ta be published
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INVESTIGATION ON ION TRANSPORT IN SOLIDS USINC ELECTRON MICROPROBE

Chu=Kun Kuo and Xian Ting Li
Shanghai Institute of Ceramics
. Chinese Academy of Sciences
’ 865 Chang-ning Road
Shanghai 200050
China

Electron microprobe X-ray analysis (EPMA) studies have been
conducted of fon conducive solids of various electrical conductivities.
Electron bombardment during EPMA can create a negative potential
which induces ions to migrate and excite X-ray photons for in situ
analysis of the concentration of both mobile and inmobile ion
components.

1. Ionic crystals of negligible conductivity

In this group of solid charge transfer generally comes from
thermally activated point defects. Very low content carrier at
low-moderate temperatures makes the mobile ions or vacancies
concentrating and deconcentrating appreciably. Stable EPMA curves
were obtained for the normal chloride and oxide single or poly-
crystals.

2. Solids of low ion conductivity

The instability of EPMA counts was observed on alkalai-con-
taining glasses and minerals some years ago. Decrease in Na X-ray
counts against bombarding time has been reproduced here for the
silicate glass and crystalline materials. The fall of EPMA curve
is dependent upon the probe beam diameter as well as the beam
current.

3. Fast ijon solids

The Na and Ag X-ray counts of the sodium and silver fon conduc-
tors of high conductivity increase with the EPMA cime. In most cases
the curves are characteristic of more or less steep rise in counting
rate and a followed plateau. Decrease in the concentration of inmo-
bile components also occurs accompanying with the accumulation of
mobile tons.

4. lon transport mechanism

The position chang ind d by EPMA can be fitted by
using the ion transport equation with a source of diminished carrier
concentration. Good agreement has been reached among the observed
and calculated X-ray counts for both the sodium and silver ion
conductors. The decreasing EPMA counting rate of some poorly conduc-
tive solids may be tentatively accounted for by ion transportation
followed by charge neutralization and metal vaporization processes.
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ANION DISORDER AND ITS RESULTING IONIC CONDUCTIVITY OF B‘Pbl_ Bisz*x
(x50.30) and B-Pbl_xYxFZ#x(xQO.ZO) SINGLE CRYSTALS

Yoshiaki Ito and Kichiro Koto
Institute of Scientific and Industrial Research, Osaka University,
Mihogaoka 8-1, Ibaraki, Osaka, 567 Japan

. Shinzo Yoshikado and Tadashi Ohachi
Department of Electronics, Doshisha University, Kyoto, 602 Japan

it has been found by.many workeérs.that the fonic conductivity of B-PbF2
can be increased by both monovalent {Liang and. Joshi, 1976, Bonne and
Schoonman, 1977} and trivalent(Lucat-et al., 1976 and 1980, Reau et al., 1983;
cation dopants in the extrinsic region. Reau et al.{1983) investigated the
‘influence of polarizability of the trivalent cations on ionic conduction.
Their results did not give any suggestion on the ionic conduction of anion
excess 8-PbF2. All the above works and structure studies(Lucat et al., 1980)
were carried out using powder samples. In this work using single crystals,

" we studied the crystal structures of B-PbF2-BiF3) and B-PbF2-YF3 solid solu-
© tions and the effect of the high concentrations of trivalent cations(Bi and Y}

in B-PbF2Z on the fonic conductivity. -

a-PbF2(99.9%, Merck), BiFl(low temperature form, ultrapure, Alfa) and
YF3(99.9%, Alfa) in powder form were used without further purification. The
solid solutions were prepared by melting well-blended mixtures of appropriate
amount of PbF2 and MF3(M = Bi and Y) in the nitrogen atmosphere. An amount
of 1000 mg for each sample was sealed in an Au capsule under nitrogen gas.
The sealed sample in the capsule was heated at tempersture above the melting
point of 8-PbF2 for 30 min in an electric furnace. The sample was then

- quenched from high temperatures to room temperature. '

The intensity data collection of the Bragg reflections was made using
a four circle diffractometer at room temperature. Mo Ka{(60 kV, 200 mA) was
monochromatized by pyrolytic graphite. Symmetry-independent about 80(|Fo|>
30({Fo|)) reflections within 28<100° were obtained by averaging the equivalent
reflections in an octant in reciprocal space. The structure refinements were
carried out by the least-squares and Fourier synthesis methods. The scale
factor and independent temperature factors of Pb(M) and F ions were refined
and then the difference Fourier syntheses were calculated with the structure
factor of only Pb(M) fons. The electron density distribution around F ions
thus obtained shows anharmonicity and the existence of the interstitial posi-
tions. However, the aspects of the distribution of the interstitial sites
are apparently different for B-PbF2-BiF3 and B-PbF2-YFJ soltd solutions.

The measurements of the ionic conductivity on single crystals were car-
ried out in the temperature range from 240 to 370 K. The measurements of the

‘complex conductivity were made from 10 Hz to 10 MHz with a HP 4192A LF. .

impedance analyzer in an atmosphere of dry nitrogen gas. The frequency-inde-
pendent part of real part of the complex conductivity has been considered as
an ionic conductivity concerned with fluorine ions. The value of ifonic con-
ductivity at any temperature for 8-PbF2-BiF3 solid solution has the maximum

-value at 20 m/o BiF3 and the activation energy has the minimum one at the

same value which contrast with the results which were reported to be at 25
m/o BiF3 by Lucat et al.(1976). However, that for B-PbF2-YF3 solid solution
has neither the maximum value for the ionic conductivity nor the minimum one

for the activation energy which are similar to the results using powder sam—
ples(Reau et al., 1983).

P25/FC-2

AN EXAFS STUDY OF ARF, FLUORITE-RELATED ANION CONDUCTORS

C.R.A. Catlow,' A.V, Chadwick,? G.N. Greaves® and L.M.Moroney'

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

e 1pepartment of Chemistry, University of Kent at Canterbury,
» Canterbury, Kent CT2 7NH.

’5cience and Engineering Research Council, Daresbury Laboratory,
Daresbury, Warrington WAU UAD.

‘ Analysls of the extended X-ray absorption fine structure (EXAFS)
observed on the .high-energy side of the X-rax absorption edges ylelds
fnformation about .the local structural “enviromment of the -absorber ata:
type. It is possible with this technique to study short range strxct:ra
ordering about different specific atom types within one sample. ; BT;G
applied the technique to the fluorite phase of the anion conductor b 1F,
which has an exceptionally high fluoride lon conductivity
(5 x 10® @cm™® at 100°C [1]). Our work reveals marked differences in the
Rb and Bi environments over a range of teaperatures. This effect could not
be detected using diffraction techniques which yleld the average cation
environment only. In the case of the Bi L(II1) EXAFS, there was a
negligible change 1in amplitude and frequency of the EXAFS over Lh:
temperature range 80 K to 473 K. The Rb K edge EXAFS showed a n;rke
decrease in frequency and amplitude over the same tenperatu(e range. This
effect was attributed to a preferential stabilisation of F vacancies at
sites rich in Rb nearest neighbours. The stabilisation 1s thought to

_involve significant relaxations of ions around the vacancy resulting in an

e in the asymmetry of Rb-F distances which would lead to the
cl)::::va:d changes in y::.plltude and frequency of the EXAFS. This suggests
that the electrostatic advantages conferred by vacancy formation adjacent
to the monovalent cation outweigh the potential vacancy stabilisation
offered by delocalisation of the Bi*» lone electron pair. To explore the
role of polarisability and charge of the two cations in these compounds
further, we have measured the EXAFS over a range of temperatures for the
related compound, PbSnF,. In addition to these data, we have obtained
EXAFS information for RbReF, compounds where Re is a trivalent rare earth
fon. The results of computer simulation predictions of relaxations of ions
in response to the formation of vacancies at anjon sites with differing
ratios of the two cation types in the nearest-neighbour shells will also
be presented.

[1] S.F. Matar, J.M. Reau, C. Lucat, J. Grannec and P. Hagenmuller,
Mater. Res. Bull., 15, (1980), 1295-1301.
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CONDUCTIVITY OF Gd-DOPED NaYF,,

K. Narasimha Reddy
Physics Department

Osmania University
Hyderabad 500 007
India

Solids of different types have been used as solid electrolytes.
NaYF, is such a solid now investigated from various points of view
to yield valuable information about its transport properties.
NaYF,-type of solids have structure isomorphous with CaF, in
which Ca ions are replaced randomly by Na and Y ions. In such a
system, no studies have been done so far to understand the
dynamic behaviour of mobile fluoride ions and yttrium ions at high
temperatures. The conductivity of NaYF, pellets doped with
different compositions of gadolinium, x =0.01, 0.03, 0.05, 0.10 and
0.15, was measured at several temperatures over the range of 25 to
500°C. it is found from these measurements that with increasing x,
the conductivity increases and passes through a maximum at
x=0.05 at 300°C. The solid material is thermodynamically stable
and can be prepared easily. These results are explained on the
basis of thermal ionization of impurity and imperfections.

Revised Subsolidus Phase Diagram of the System Ser-LaF

3

Masahiro YOSHIMURA, Kwang Jin KIM, ShigeyukivssﬂlYA

The solubility -in the syétem SrF,-Lafy were studied
by ;elid state reaction (1400,1300,1000 and 753°C) using
Pt capsule and hydrothermal reaction (750,630 and 530°C)
using the l0wts LiCl or other solutiops. Starting samples

were (1) mixed and (2) fired samples of Srf, and La?3

powders (99.9%). At any temperatures, a linear telatién

between the conpositions and the lattice parameters of the

solid solutions of each phase (Sr?zs.s. or La?3s.s.) csuld

be obtained . corresnonding to the Vegard's law. The solu-

bility linits in s:Fzss were 48,48,47,47 and 45 nmoli LaF3 ’
ané thcse in La?sss were 15,10,5,4 and 2 mold $zf, (21l de-
viaticen ; 2 1 rold) at 1400,1000,750,630 and 3530°C rasgpec-

tively by X-rav measurements.

Res.Lab.Eng.Mater.,and Dept.Matar.Sci.,Tckvo Inst.T2cknology

4259, Nagatsuta, Midori, Yokohanma, 237 Japan,
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S-K Joo, 1.D. Raistrick ang R.A. Huggins

Dept, of Katerials Science ana Enginesring
Stanford Unmveresity .
Stanfora, CA 94303

The potential use of "o.a“"°3.:s thin films as a lithijum=-based electrochromic
display materials has besn studied. The chemical diffusion coeéficient of lithium an than
f1lms of this material prepared by thermal vacuum evaporation and bleached by oxidation
has besn measured as a function of lithium concentration using the galvanostatic
transiert techmigue. Chemical orféusior coeééicierts as ngnh as xo"° :mzloo: at room
temperature were obtained in preferentially oriented thun éilms, No degragation was
observed after over 1000 geep cycles using constant voltage pulses.

SULID LLECTHOCRKOMIC SYSTEN BASEDL Ol
TUNGSTEN OXIDL AND WICKEL HYDROXIDEL

A.H.LUSIS, E.V.PENTYUSh, V.V.BETS, J.A.BENDERS, G.E.BAJARS

Institute of Solid State Physics, Latvian State University,
8 Kengaraga Street, Riga, 226063, USSR,

The most deeply and widely studied solid electrochromic
gystem today is the Deb's thin films nyltom(SnOZ/W03/8102/An).
Protons and electrons for coloration-bleaching process in the
WOJ are supplied by olocfrolyaia of water adsorbed from at-
mosphere at the Au/Si0x 1nterfacc[1].Tho water adsorption and
evolution of gases on the top electrode Au leads to extra ener-
gy losses, increase of response time and decrease of stabili-
ty of the system.A system with cathodic and ancdic electro-
chromic materials has to be without these shortcomings [2].

%e have investigated the system 170/%0,/510,/41(OH), /e,
where Me astands for different metals.The electrochromic beha-
viour of Ni(OH)2 has been simulated in other systems with so-
114 or liquid electrolytea.The electrophysical properties of
the gystem have been determined and interpreted on the basis
of data of voltammetric, coulometric and optical messurements.
It has been shown that the values of differentisl electrochro-
mic efficiency depends on the applied voltage and charge.At
small voltages it is determined by the recharge of slectrode
capacities, but at high voltages (%2V) by the evolution of o,
and Hz.Tho electrode Me does not take part in the electroche-
‘mical reactions involving protons for coloration process as
it is in the Deb's system.The rate of the coloration-bleaching
process is determined mainly by the volo-ityvof the proton
trangport through the Sio2 layer from one electrochromic lay- .
er to the other.

I. A.R.Luais, J.J.Kleperis, A.A.Brishka, E.V.Pentyush,
Solid State Ionics, I3, 219 (I984): o .
2. J.L.Lagzdons, G.E.Bajars, A.R.lLusis, Phys.stat.sol.(a), -
84, K197 (1984).



cot

P30/0A-3

Electrical Double Layer Capacitor by Using 5."-}\1203 Con-
taining Fine Carbon Particles as Electrolytes

Xue Rong-jian and.Chen Li-quan ) R
Institute ot rnysics, Chinese Academy of. Sciences,
P.0.Box.603. Beijing, China
’ B (Abstract)

It hasv§een found’ that i'rA1203 containing fine ;arﬁon par-
ticles (l1-6wt%) are good 1onic’ conductors’ with higher conduc-
tivity than that of pure one. A series of nonpolariiy capaci-
tors were.constgdcted using these solid’electroly;es and carbon
electrodes. At room cemoérature their dc paraﬁeters'are as
follows: specific cSpacxténce reachés]up to a few Farady per
square centimeter; leakage éur;ent less than a few mA in one
minute; - equivalent series ‘resistance is a few kI; breakdown
voltage not less than 10V. The capacitance decreaseslwith the
frequency increase until it 1s independent of the frequency.
The dependence of capacitance and leakage risistance on carbon
content are very interesting, a minium (for capécitor) and ma-
xi1um {(for leakage resistance) appearing at certain carbon con-
~ent which shifts somewhat with different processing procedure.
The impedance spectrum analysis has been finished with Solar-
“ron 1174 for some of the capacitors. All results are dis-
zussed in . detail.

A NEW HIGH PERFORMANCE POTENTIAL MEMORY DEVICE

Shu Yu Wangq
Harbin Reseach Institute of Electronic Components
P. Q. Box No. 44
Harbin
~ The People's Republic of China

- In recent years, with the growing development g\nq resegrch
on rapid ion conducting materials, various soliq state ionic devices
have appeared which are based on these materials.

By means of chemical synthesis the author has successfully

"'composed the solid state electrolyte Aggl,WO, and the mixed con-

ductor (Ag,5e) g25-(AG3PO4)g 075 from which a high performance
potential memory device, the Model DJ-1, has been developed.

The configuration of the device is expressed as follows:
 AglAgeSISIm|S|Semim

- +  relerence electrode

where S is the solid state electrolyte AgglyWO,, m is the mixed
conductor (Agzse)oszs - (A93P04)0.°75.

The device bears the features of a large capacitance
(100-150 uAH), a high capacitance accuracy (less than +£10%), a
wide range of operating temperatures, particutarly the lower limit
(-40°C - +55°C), a minimal capacitance change during high to low
temperature cycles (less that +15%), minimal overvoltage of less
that 0.5 mV (1 mA), smali size (314x12 mm for 100 zAH; 9x15x17 mm
for 150 uAH), a large input current and a good memorizing function.

Electrical characteristics of the device are thoroughly

" investigated with a view of the requirements by electronic circuits,

for ‘example, the capacitance errors when charged with ditferent
currents at room temperature; the low current charging
characteristics under difterent temperatures; the capacitance
performance with temperature; the temperature performance of the
holding potential and the storage of the device. Thus the device
meets the requirements of electronic circuits quite well and finds its
wide application in electronic equipment with its unique advantages.
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MODEL FOR THE INTERFACIAL IMPEDANCE
BETWEEN A SOLID ELECTROLYTE AND A METAL ELECTRODE!

J., C. Wang and J. B. Bates
Solid State Division, 8ak Ridge National Laboratory
Oak Ridge, Tennessee 37831

The interfacial impedance between a solid electrolyte and a metal blbcking
electrode can often be described by the form

a) = AG)™" )

over several orders of frequencies,? where A is independent of frequency w and
j=/~T. The value of n usually lies between that for a pure capacitor {n=l)
and that for a Warburg impedance (n=1/2). In this paper we present a model to
relate the impedance shown in Eq. (1) to the roughness of the interface.

The roughness of the interface is modeled by pores on the electrode, and the
impedance of a pore is approximated with a transmission line with distributed
resistance and capacitance per unit length, r{x) and c(x). When both r and ¢
are constant, the impedance of the transmission line becomes that of a Warburg
{n=1/2). This corresponds to a pore in form of a long channel which has been
used by De Levie to model a porous electrode.3 We have generalized the
Warburg impedance to values of n other than 1/2 by deriving several pairs of
r(x) and c(x) that give the impedance in the form of £q. (1). For example, if
r(x)-exp(axg and c(x)s=exp(bx), then n=a/(a+b). If r(x)=(c+x)? and
¢{x)=(e+x)~D® with ¢ being a small constant, then n=(a+l}/(a-b+2). This means
Ehat<1; pores with these r(x) and c(x) exist they will behave according to
q. .

Pairs of r(x).and c(x) for pores of various shapes and sizes have been c¢alcu-
lated. It is assumed that the material inside the pores has the same conduc-
tivity as that of the electrolyte and that c(x) is mainly determined by the
double layer capacitance at the metal surface inside the pores. The results
demonstrate that some of the pores have an impedance close to the form of

Eq. (1) over wide frequency ranges and that pores with diameters of several
microns are relevant to impedance measurements over frequencies of interest.
In general, an interface may contain many pores with various values of n.
When they are put in parallel, it can be demonstrated that the resultant impe-
dance can be described roughly by Eq. (1) with some effective value of n, n.
The value of n is controlled by pores with large n at low temperatures. This
can quantitatively explain the experimental result that n decreases with
increasing temperatures.?

lResearch sponsored by the Division of Materials Science, U.S. Nepartment of
Energy under contract Df-AC05-840R21400 with Martin Marietta Energy Systems,
Inc.

2). B. Bates and J. C. Wang, "Impedance of Metal- Solid Electrolyte Interfaces,"
this conference. -

3R. De Levie, Electrochim. Acta 8, 751 (1963).
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TRACZIR DIFFUSION IN A ONE-DIMENSIONAL LATTICE GAS [N THE
PRESENCE OF A DRIFT FORCE

R. Kutner: Institute of Experimental Physics, University of
Warsaw, Hoa 69, 00-681 Warszawa, Poland

H. van Beljeren: Institut fir Theoretische Physik A, Rheinisch~
westfilische Technische Hochschule, D-5100 Aachen,

west Germany

The influence of an external constant drift force on
tracer particle dfFFusion ina one-dimensional lattice gas
is ihvestigated analytically as well as nurerically by Monte-
Carlo simulations, very good ag}eement being obtained between
both independent approaches. The lattice gas model consists
of particles of arbitrary concentraiion which interacﬁ oniy -
like repelling hard point cores. The particlies can jump
stochastically to unoccupied neighboring sites with dif-
ferent jump rates in and against the direction of the drift

force, respectively.

A theory for the dispersion / |i.e. mean-square displace-
ment of a tracer particle with respect to its average drift /
as a function of time [1] is developed by a direct extension
of the method given in Ref. 2. The dispersion is shown to
behave diffusively for large times, in contrast to the case

where no external force iIs present.

References

1. R. Kutner and H. van Beijeren, J. Stat. Phys., to appear.
2. H. van Beijeren, K.W. Kehr and R. Kutner, Phyf. Rev. B28,
5711/ 1983/.
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STMULATION OF FRACTALS OBJECTS OBTAINED
BY INTERCALATION IN LAYERED COMPOUNDS

B. SAPOVAL, M. ROSSO and J.F. GOUYET
Laboratoire de Physique de la Matidre Condensée
Ecole Polytechnique
91128 PALAISEAU CEDEX FRANCE

A computer simulation of the diffusion of ions on 2 2D lattice is pre-
sented. It is obtained in the case of hardcore interaction with first nearest
neighbor. After a given time the line separating the diffusion source from
isolated intercalated clusters is a fractal object with fractal dimension

D = 1.7620.02. (see Fig. 1). Discussion of this problem in connection with
percolation theory predicts D = 7/4. .

Figure 1. Fractal diffusion front:lons are represented by a square here grey
or white. They are diffusing from the top of the figure on a 2D square latti-
ce. The concentration at the Jiffusion source is kept constant, equal to one.
The empty sites are black. The diffusion front is made of those ions which
are connected to the diffusion source via [irst neigbors and which are near
an empty site connected to the empty lattice. It is shown as the white line.
This is a fractal object.

P4/TH-32

UNDERDAMPED SYSTEMS AND LATTICE GAS MODELS
T. GOBRON and J.F. GOUYET

Laboratoire de Physique de la Matiére Condensée,
Ecole Polytechnique, 91128 Palaiseau, F?ance

The generalization of lattice gas hodels to Kramers reqimes(l’
has teen considered on one gand in the case of dilute systems for
which a Boltzmann equation has been derived which put on clear
physical basis the model proposed in 1972 by Rice and Roth(z) for
ionic transport in superionic conductors. On the other "hand for
systems with a large density of mobile particules a model of elastic

collisions is considered, for which some interesting results can be

obtained.

i . ngl
(1) ¥, Beughalchk and J.F. Ccuyct, cclid State Icnics 2 & 1O, 1401 (17212)

(2) M.J. Rice and W.L. Roth, J. Solid State Chem. 4, 294 (1972).
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S1MULATION OF TH- INTHERGKANULAR IMIEDANCE
OF SULIUM Iuh COKDUCTIVE CERAKICS

KUD CHU-KUN and YAN YI-MIN

Shanghai Institute of Céramics, Chinese Academy of Sciences,
865 Chang-ning Road, Shanghai 200050, China

Observations on Na' fast ion polycrystals usually give
complex impedance diagrams showing non-ideality, where the
intergranular component impedance degrades to an arc with its
center below the real axis. The non-ideal intergranular
impedance can be interpreted by a model of distribution of
ion conductivity relaxation times. The egquivalent circuit
involved here is composed of a series of parallel RC pairs.
The composite intercrystalline impedance therefrom is
expressed as follows:

R
Z* = Re(Z) + Im(2) =% k
' ST UK 2 HwCR,

where R, and Cy represent the resistance and capacitance of.

kth component. .When neglecting the”varfation of the
capacitance and inserting an one dimensional probability
function into the impedance formalism, we obtain

Z* = Re(Z) + Im(2) =Z—xf1-g— .
: X 1 4 iguCx

where x is resistance variable and f(x) is a specified
probability finction. Simulation and fitting computations
have been performed on given probability functions.

Examples presented concern the Nasicon and Beta alumina
ceramics. The distributive pattern of the intergranular
impedance is assumed to. be associated with the varying of
the concentration of the mobile ions. '

P6/TH~34
INTERFACE RESISTANCE IN A HOPPING MODEL

R. Blender and W. Dieterich

Fakultat fiir Physik, University of Konstanz, 7750 Xonstanz, F.R.G.

Diffusion across the interface between two $olid ionic conductor% is a problem
of great practical importance. The properties of hopping models in the presence
of an interface, however, have not been studied sufficiently in tﬁe ?ast. des-
pite of their success in describing transport properties of bulk 10?1c con-
ductors. Here we consider the simplest case of a many-particle hopping model
with exclusion of multiply occupied sites. Our aim is to relate the i?terfacg
resistance to the parameters of two specific barrier models. In the first
case the ﬁobping rafes in a plane boundary are modified as compared to the
bulk. The frequency-dependent conductivity is obtained exactly. Secondly. we
assume that the boundary leads to modified site energiesf The main differ-
ence t6 the previous case are the nontrivial correlations which appear in

the current-carrying steady state. This point as well as the current-voltage
chqfacteristics a}e examined by Monte Carlo studies.
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LOCALIZATION VERSUS DELOCALIZATION OF ORBITALS IN THE
QUASI-ONE-DIMENSIONAL CONDUCTOR Na, 33V ,0g
by ’
irina M. Curelary
Department of Materials Science and Engineering
Unmiversity of Utah, Salt Lake City, Ulah 34112
and '
E2ro Suoninen
Department of Physical Sciences
university of Turku, 20500 Turku, Finland

The bets phase of the sedium vanadium oxide bronze Nao_33V205 axtends

friom x=0.2 10 x=0.4. well inside the stability rangs2, at #=0.33, the electrical
conductivity undergoes an abrupt change and the material becomes a quasi-
one-dimensional conductor. we present a study of the electronic structure of

“Najy 13¥alg by x-ray photoelectron spectroscopy (XPS) and 8ppearance

potential spectroscopy (APS). While the difference between the Ferm level
of the sample material (as determined by XPS) and the edge of the vanadium
APS spectrum indicates strong final state many-body effects due to the
localized character of the excited orbitals, the presence of 8 negative
undershoot in the APS spectrum suggests a& rather efficient screening
(therefore an extended charge mobility) at the sit2 of the excited atom. These
apparently confhicting dats support the idee of domain formation in the

‘$0i3ium vanadium oxide bronze Noo_33V205 .
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FAST HALIDE ION CONDUCTING LEAD METAPHOSPHATE GLASSES —
A FAILED DIVALENT CATION CONDUCTOR

H. G. K. Sundar and C. A. Angell
Department of Chemistry:
. Purdue University
West Lafayette, Indiana 47907

ABSTRACT

Following the observation that Pb2* cations may be highly mobile in
8-A1,03, we have explored the possibility that Pb2* cations may also have a high
mobility in appropriately chosen oxide glasses. Acting on the evidence that
monovalent fation halides dispersed in metaphosphate glasses behave as if under
isotropic tension, we conducted initial studies on Pb(PO3),-PbX, glasses. These
have wide glass-forming ranges--up to 80 mol% halide in the case of PbBrj,
except in the case of Pbl; which could not be incorporated. Conductivities use
exponentially with mole fraction of halide and reach 10730 lcm™! at 25°C for
PbCl, at bec12 = 0.60 , the highest amblent temperature anionic conductivity

on record. The conductivity is attributed to anions as the PbCl; glasses have
higher conductivity at equal mole fraction that for PbBr, glasses. The pre-
exponent is also larger for the PbCl,-containing glasses consistent with expec-
tations for a simple "rattle-and drift" mechanism.

P9/G-23
lonic Conductivity, Raman and IR Spectra of LiAlS104 Glaas

A, Pechenik,' D. H. Whitmore, M. A. Ratner, S. quman"

Depattménts of Materials Science and Engineering and Chemistry and
Materials Research Center, Northwestern University, Evanston, IL 60201

B-eucryptite and its glagsy counterpart, LiA1510, glass, are good Li conduc-
tors at elevated temperatures (?500°C). Studies of LLA1S10, glass are reported
here. The glass has been prepared by a high-temperature melting technique and
characterized by density measurements, differential thermal analysis, and X-ray
diffraction. It has been determined that the prepared glass contained less than
0.01 weight per cent of the crystalline phase, exhibited heterogeneous nucle-
ation, and was of the same stoichiometry as that of its crystallfne counterpart,
g-eucryptite, The glassy materfal exhibits high values of iontc conductivity at
elevated temperatures (g ~10-3 (q cm)~l ac 500°C).

The structure of L1A1510; glass has been investigated using Raman and IR
spectroscopy and the assignment of vibrational modes to observed bands in the
Raman and IR spectra has been performed. We discuss Raman and IR spectra of
L1Al5104 glass in terms of the normal vibrational modes of S104 and ALO, tetra-—
hedra, strongly coupled through an intertetrahedral angle.

Based on the results of the experimental work, the following model for ionic
transport in this material is proposed: The glassy network of S10; and AlO, .
tetrahedra constitutes a disordered lattice of available sites for L1 ion migra-
tion, There are two types of Li* sites on the lattice: sites which are close

"to S104 tetrahedra and sites which are close to AlO4 tetrshedra. The two sites’

are not energetically equivalent since it is expected that Li* sites which are
close to AlO; tetrahedra should have stroager bonding energies than Li* sites
which are close to 510, tetrahedra. The two types of sites are randomly distri-
buted in the matrix. We show that the Lowenstein rule is not satisfied for
LiA1S10, glass. Lithium ions occupy oaly one-half of the available sites and
can migrate from one site to some nearest-nelghbor unoccupied site by a hopping
mechanism, The jumping Erequency of LL* {ons is found to be close to ~6 x

1012 gec™! (~200 cm~l).

“Dow Chemical Corp., Midland, MI 48640
'*Argonne National Labs., Argonne, L 60439

w
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ALL-HALIDE SUPERIONIC GLASSES

Changle Liu and C. A. Aagell
Department of Chemistry
Purdue University
West Lafavette, Indiana 47907

ABSTRACT

To date all the highest conducting Azt and alkali cation glasses have in-
volved admixture of a halide, usually the iodide, with suome oxyanion salt of
the same cation. [n this paper we report cases where the cxyanion can be
omitted. Instead a second cation is introduced to provide, together with a
mixture of anions, the immobile quasi-lattice through which the mobile cations
aAgt or Cut can migrate. In these new systems conductivities at 25°C can reach
record values. Glass transition temperatures are lower than for oxyanion-
containing glasses of the same conductivity. Since cthey contain only heavy
monovalent ions the far IR transparency of the new glasses is unprecedented.
Neatr 20 moleZ CsCl crystallization of the quenched glass to a transparent

polycrystal, wich an even higher 25°C conductivity, of 0.14 occurs. This phase

shows C, and £, anomalies at -80°C like chose in RbAguls. It is metastable,
however, and with further heating recrystallizes to a low-conducting form
which is probubly multiphase. This implies that the high conductivity of the
glass is due to a local structural organization similar to that in the RbAg,ls
crystal.

P11/G-25

ANELASTIC RELAXATIONS IN AgI-DOPED BOROPHOSPHATE GLASSES

G. Carint, M. Cutroni, M. Federico and G. Tripodo
Istituto di Fisica Generale and Gruppo Nazionale di Struttura della
Materia del C.N.R. - Mesina, Italy.

An ultrascnic study ( 5 + 45 Mhz ) of the loss characterstics in
glasses of the "quaternary" system AglI: Ag50: 8203 P205 was carried out
in the 77 + 4OOK temperature range.

The loss behaviour is characterized by a broad peak that shifts at

. higher températures with the frequency and by an " dependence in the

high (nz=2) and low ( n . 0.7) temperature tails of the peak. the height
and the temperature locatlon of the peak are respecuvely increasing
and decresing functions of the Agl content.

Thermally activated relaxations of Ag’ fons, weakly bonded and
mobile in the glassy network, are assumed to be the origin of the
observed dissipatlive processes.

The experimental data were fitted by a Gaussian-like distribution
of relaxation times and such an analysis permits us to obtain some

‘parameters, connécted with the microscopic arrangement of the mobile

ions: the most probable activation energy Em, the width of the
distribution Eo and the deformation potential B, expressing the
coupung between the ultrasonic stress and the system. The behaviour
of "these parameters with the Agl content suggests interesting
conclusions about the possible influence of the glass structure on the
ftonic dynamics.
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THERMODYNAMIC APPROACH TO IONIC CONDUCTIVITY
ENHANCEMENT 8Y DISSOLVING HALIDE SALTS IN
INORGANIC GLASSES

A. KONE" and ).L. SOUQUET
Laboratoire d'Energétique Electrochimie
ENSEEG Domaine Universitaire
BP 75. 38402 St Martin d'Heres - France
*Laboratoire de Chimie Physique - Faculté des Sciences
O4 BP 322, ABIDJAN 04 - Cdte d'lvoire

Numerous recem investigatlons have showir that halides may be dissoived
in oxide or sulfide based glasses to increase ionic conductivity, of by several
orders of magnitude. Interprétation of this behaviour on the basis of weak electro-
lyte theory leads to the assumption of large variations of the halide thermody-
namic activity depending on its content in the glass. The authors show that it
is possible to explain these variations by assuming that the halide sait-glass solu-
tions behave as regular solution. The mixing enthalpies which may then be deduced
from conductivity data are in the order of some kilocalories per mole, comparable
to the usual mixing enthalpies for molten salts.

P13/G-27 =

ELECTROCHEMICAL MEASUREMENT OF THE DIFFUSION COEFFICIENT

OF SILVER IN THIN FILMS OF V20, - PZOS GLASS

L. JOURDAINE, M. BONNAT, J.L. SOUQUET
Laboratoire d'Energetique Electrochimique
ENSEEG Domaine Universitaire
BP 75, 38602 St Martin d'Heres - France

Thin films of VZOS - P 204 Blasses were made by vacuum evaporation.
55 P,O5 ; their electronic

These layers have a molar composition 45 V Ol, -
e 043 ew.

conductivity at room temperature is about 10° Q cm

An electrochemical cell with glassy solid electrolyte :
Ag/Ag conductive glass/thin film V2 5 P Oy
was usgd to easure the diffusion coefficient of silver, DAg in these layers.
The techniques used were intentiostatic intermittent titration and impedance
spectroscopy at low frequéncy. Measurements at different temperatures lead
to a value I_)Ag - Do exp (-E;’/RT) where Do = 0.55 cm?s’! and ER : 0.38 eV,

- 2 -t
At room temperature, DAB is small and has an approximate value of 10 cm’s .
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IORIC CONDUCTIVITY OSCILLATIOES IN SILVER - ARSBNIC -
- SELEFIUM - TELLURIUM CHALCOGENIDE GLASSES

Yh. G. Vliasow, [E. A. Bychkov and B. L. Seleznev

Department of Chemistry, Leningrad
University, Leningrad 199164, USSR

3ilver-containing chalcogenide glasses are convinient materials
for investigation of the transport processes in amorphous solids.
We have found earlier (1), that doping of silver ion conducting
Ag-As-Se vitreous alloys by copper results in a sharp decrease
of ionic conductivity and increase of hole conductivity. Glasses

containing more than 5 at.% Cu are non-crystalline semiconductors.

Solid electrolyte - semiconductor transition can be supposed in
the case of Ag-As-Se-Te glassy alloys as well, because silver-
arsenic-tellurium ternary glasses are p-type semiconductors (2).

The investigation of transport properties of Ag15As42.SSa42.5_x

Tex Zlagsses revealed, that vitreous alloys containing up to 20

at.x Te are mainly ionic conductors, their hole conductivity Ob

being from 1 to S0 % of the total conductivity, depending on
tellurium concentration.

Firast tellurium additions (2-8.5 at..) loosen the structure of
the glass and cause the increase of ionic conductivity 01 by 3-4

times. It has been found a pon-monotonous Oi alteration is sti-

pulated by the change of silver ion mobility, and is connected
with the change of excesa volume of the glass. It should be
pointed out, that for Cu-doped Ag-As-Se vitreous alloys some
densification of the structure of the glasses and corresponding
0; decrease were observed (1).

The lineary increase of_log q# ag@ the lineary decrease of

.activation Bnergy - with tellurium concentration growth.have been

found for semiconducting alloys (x> 20 at.i Te). The additive
composition dependence of 0 has been observed for the glasses
investigated, in spite of Gi oscillations.

(1) Yu.G.Vlasov and E.A.Bychkov, Solid State Ionics, 14 (1984).

(2) S.K.Hovosyolov and V.L.Vaninov, Fiz.Khim.Stekla, 3 (1977) 181.

P15/0C-1

ON THE HETEROGENEOUS DOPING OF IONIC CONDUCTORS

Joachim Maier

Max-Planck-Institut fir Festkdrperforschung
Heisenbergstr.1,D-7000 Stuttgart 80, W.Germany

The method of enhancing the ionic conductivity of a matrix
ionic conductor (Li-,Cu-,Ag-halides) (1-4) by admixtures of
an insulating oxide (a1 0 ,510, etc.) has been shown to be an
interesting phenomenon sf great scientific and technical im-
portance. An analogous enhancement effect has been found in
systems of two coexisting ionic conductors

In the cases of ionic conductors where the necessary data
are reliably available, the author has shown that the effect
can be quantitatively undérstood by space charges if and
only if the relevant contact processes are taken into account:
surface interactions in the case of the system ionic conductor
/insulator and distribution equilibria of the mobile ions in
the case of two ionic conductors (4-6).

As the quantitative treatment shows and the activation energy
in all other cases suggests, the oxide is able to stabilize the
mobile cation by nucleophilic surface groups and to increase
the concentration of vacancies in the space charge regions.

Experiments on AgCl,AgBr,CuCl and T1Cl using pure and chemi-
cally modified oxides as second phases are discussed and ex-
periments from the literature are taken into the discussion,
too. Theoretical treatments of the space charge layer contri-
bution are given for different cases (dxspersxons thin films
etc.) and consequences such as vacancy-interstitiai-junctions
are taken account of. Analogous mechanisms can be assumed to
give rise to enhanced extrinsic conductance in many pure poly-
crystallxne materxals

References: ' ’ = i
1.C.C.Liang,J.Electrochem.Soc. 120 (1973) 1289
2.J.B.Wagner ,Mater.Res.Bull. 15 (7980) -1691
3.K.Shahi,J.B8.Wagner,J.Eléctrochem.Soc. 126 (1979) 1963
4.J.Maier, Ber. Bunsenges. Phys.Chem. 88 (1984) 1057
§.J.Maier,J.Phys.Chem.Solids,in press
6.J. Maxer Ber.Bunsenges.Phys.Chenm. in press
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SYNTHESIS OF AND TRANSPORT IN LaFJ: 02- AND LiZSOQ

C S Sunandana

School of Physics,
University of Hyderabad
HYDERABAD 500 134 INDIA

From among the factors that influence efficient fast-ion conduc-
tion in solids viz.,

(1) structural-structures that provide for a metal like framework

and a near-linear path for lon-movement;

(2) microstructural-existence of grain boundaries with low

activation barriers;

(3) polymorphism-co-existence of wore than one structural form

- realized in solid §qlutions (eg. Liasioa - L13P06 (1:11
(1 H; '

" (4) thermodynamic - stabilization of metastable structures (either
high temperature crystalline or amorphous forms) with appre-
ciable quenched-in disorder (eg. L13.6Ge0.6v0.606(2) ),

the first and the last deserve to be explored further in view of the new
possibilities they offer.

Among the "frameworks', a rhombohedral structure with the conducting
species positioned along the 3-fold axis results in a near-linear path
for conduction. Furthermore, creation of anion vacancies or substitution
of smaller anion/cation is expected to increase the conductivity.

Another attractive possibility is to quench (from melt) a solid which
exhibits a structural phase transformation at high temperatures, so
that it is obtained at room temperature either in the'glassy-phase or
high temperature crystalline phase ~ the latter one being usually
respongible for fast-ion conduction.

The above fdeas are tested wifh the systems (1) LaF3: Lazoj(r02—= rF-)
and (2) L12506 - which exhibits a monoclinic to cubic transformation
at 846K.

(1) A Khorassani, G. Izquierdo & A.R. West, Mat. Res. Bull. 16 1561 (1981).
(2) J. Kuwano & A.R. West, Mat. Res. Bull. 15 1661 (1980).

P17/0C-3
ENHANCEMENT OF IONIC CONDUCTIVITY OF SrCl.
BY Al:0s DISPERSION

Saturo FUJITSU, Kunihito KOUMOTO and Hiroaki YANAGIDA

. Department of Industrial Chemistry,
Faculty of Engineering,
University of Tokyo

7-3-1 Hogo Bunkyo-ku Tokyo 113, JAPAN

Abstract -

Strontiun chloride is a typical Cl conductor with
fluorite_structure and it has conductivity of 2x10 “Scm !
and 5x10 %Scm” ! at 500°C and 700°C, respectively.

Usually the enhancement of ionic conductivity is due to the
increase of vacancy or interstitial ions by resulting of the
addition of MC1l(M=Na,K) or M°'Cl;(M'=Y,Ga,La).

In some materials(LiI, AgIl, CuCl, CaF., LiBrH.0 and
so on), the enhancement of ionic conductivity was observed by
the addition of Al,0; which is typical insurator. In this
case, X-ray diffraction measurements showed there were no
phases present other than the ionic conductor and Al:0,.

The same results were observed in the SrCl: and Al.0;

system. The ionic conductivity increased about 1 order of
magnitude by 25mol% dispersion of 2.6um Al:0; at 500°C.

The conductivity of the dispersed system strongly depended on

. the particle size and the concentration of Alz20,, which

suggested that high ionic conductivity layer were formed at -
the interface between ionic conductor matrix and Al:0,
particles. This consideration was also supported by the
fitness with Wagner's model which was proposed in his work of
CuCl. '
The effective thickness and electrical conductivity of
the interface layer were calculated by using two simple mixing
models. In first step of this calculation, Maxwell's equation
was used to obtain the conductivity of Al;0; surrounded by
the high ionic conductive layer using the observed conductiv-
ity of the sample, the conductivity of pure SrCl: and the
volume fraction. 1In the next step, the Tiku's eguation was
used to estimate the relation between the effective thickness
and conductivity of the interxface layer using the result
of the first step and the particle radii of Al;0; measured by
the sedimentation method. By applying this calculation to
many samples with different composition and different particle
size of Al.0,;, the adequate effective thickness and
conductivity were estimated. From this calculation, the
conductivity is about 2 orders of magnitude higher than pure.
SrCl; and the thickness of the ionic conductive layer is 0.1-
0.6um and decreases with an increase in temperature. This
result adequateley explain the composition and particle size
dependencies for Al;0, particles dispersed in a SrCl,
matrix.
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NEUTRON DIFFRACTION STUDY OF THE DISTRIBUTION AND THERMAL MOTION OF SILVER

IONS IN ALPHA- AND BETA-Ag3SI

1 R. K. McMullan® and B. J. Wuensch®

J. J. Didishein
1ﬁopurtmnuc of Materfals Science and Engineering, Massachusetts Institute of
Technology, Cambridge, Mass. 02139, U.S.A. and “Chemistry Department, Brook-
haven National Laboratory, Uptou, Long Island, N.Y. 11973, U.S.A.

Fast-ion conducting AgySI, intermediate to Agl and AgpS, ts of interesc
in establishing the role of bonding and mobile ion concentration on the Ag
distribution and transport properties of these phases, Previous powder dif-
fraction studies and a single-crystal x-ray analysis had established the
existence of thres phasas: a (T >240°C), space group Imlm, having a disordered
bee anion array and cations disordered among tetrahedral sites; B (-1169<T
< 240°C), space group Pmdm, having an ordered CaCl-type anlon array and
cations disordered in tetrahedral sites; and Y (T < -116°C), space group R3,
with cations ordered in a subset of available taetrahedral sites. The present
single-crystal neutron-diffraction study was undertaken to characterize the
Ag distribucion more precisely, capitalizing upon the higher resolution
afforded by the lack of decrease nf scattering length with angle and the fact
that; as opposed to x~ray data, Fourier synthesis provides the probability
distribution for the cation nucleus, rather than a convolution of the proba-
bility with a discribution of orbital electrons of comparable spatial extent.
The structures vere also examined as a function of temperature for the first
time to permit distinction between time-averaged anharmonic thermal vibracion
and positional disorder.

The § phase was examined at temperatureg of 23, 95, 168 and 232°%C using
Be~monochromated thermsal neutrons of 1.05099 A wavelength at the High Flux
Beam Reactor at Brookhaven National Laboratory. ThI-. to six sets of
symmetry-equivalent reflections for sin8/A<0.78 X' were recorded to pro-
vide 72 independent intensities of which 61 to 55, depending upon temperature
were > J; internal agreement in I ranged 3.72 to 1.9% for the individual
data sets. Refinement indicated parctial positional disorder of S and I.
Models examined included anharmonic temperature for Ag ions and/or partial
occupancy of the octahedral site. The most successful model employed Ag
ions solely in a tetrahedral site coordinated by 2S and 2I and anisotropic
haracnic temperature factors. The temperature factors were found to vary
linearly with temperature. Final weighted residuals, RU(FZ). including
unobserved reflections, ranged 3.9-5.9%.

The anion-disordered a-phase was investigated at 323, 380, 442 and
475°C and 18 co 20 {ndependent structure factors > G were obtained from
averages of symmetry-equivalent {ntensities ranging 26~37 in number, depend-
ing on temperaturs. - Final waighted residuals R,(F%), including unobserved
reflections, vary between 3.3 and 4.5%. The Ag probability density is
highly delocalized cowpsred to that in fi, being elongated along {100] in a
fashion qualitatively similar to a-Ag2S. Significant differences relative
to the sulfide, however, are evidence for occupancy of a site at ‘e and .
fine structure ‘in the probability density. rRather than representing anhar-
monic effects, the latter features may be explained to satisfaction in terms
of posicional disorder of the Ag ions which depends on the local configura-
tion of S and [ about the site.

P19/0C-5

VAPOR SPECIES FROM FUSED L1,0-8,0,. L1,0-510, and L1,0-P,0,
SYSTEMF FOR THIN F1LM ManurFAcTuRIfG sY’evD

By Li-Wei Zhang, M. Yahagi, and K.S. Goto

Tokyo Institute of Technology

Meguro-ku, Ookayama 2-~12

Tokyo, Japan

" The indentification of vapor species is very important for thin
film of superionic-conductors manufacturing by PVD, CVD.and any other
elegant processes.

‘The intention of the present work is to estimate the vapor species
and the equilibrium vapor pressure, which will be evaporated from fused
L120-5203. L120-5102

the thermodynamic data.

and L1,0-P,0, systems. The estimation was made from

Furthermore, using the kinetic theory of gas molecules, the deposition
rate and composition of thin film will be predicted in relation to

temperature and composition of evaporation source.
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PROTON CONDUCTION IN AMMONIUM ZEOLITES. EFFECTS OF DEAMMONIATION
AND THERMAL TREATMENT

Erik Krogh Andetsen, Inger Grete Krogh Andersen and. Eivind
Skou : .

Department of Chemistry; Odense University, -
Campusvej 55, DK-5230 Odense M

Steen Yde-Andersen

Energy Research Laboratory, Niels Bohrs Allé 25,
DK-5230 Odense M

Abstract

Ssynthetic sodium and calcium zeolites (4A, 5A, 13X, Y) were
exchanged to the ammonium form. The ac and dc conductivities
have been measured from 25-300 OC. The dc conductivities mea-
sured with water vapour saturated hydrogen electrodes prove that
protons move across the cell. During the dc experiments an
amount of ammonia corresponding to the charge passed is libe-
rated. The proton conduction in fully hydrated ammonium zeolites
is therefore based on an ammonia vehicle. Electrolytic deammoni-
ated zeolites are also proton conductors but with a lower con-
ductivity than the corresponding ammonium zeolites. Thermally
deammoriiated zeolites show a similar behaviour. The ammonium
zeolites loose ammonia, water and conductivity at high tempe-
rature (300 ©°C). This indicates that vehicles are necessary for
proton conduction in zeolites.

STUDY ON THE PHYSICAL PROPERTIES OF AN AMORPHOUS
Ag FIC ATLOW TEMPERATURE

Wen-Hai Yu and Qing Zheng
Department of Physics
Umversuty of Science and Technology of China
Hefei, Anhui
The People’'s Republic of China

An amorphous silver fast ionic conductor
(Agl)g 75{Ag;0-8,0,) ,; has been prepared by quenching the
mixed raw materials in the composition from the melting point to the

liquid-nitrogen temperature, and has been examined by DTA and
XRDA. [t has determined that Tg = 160°C and Tc = 340°C.

~ The ionic conductivities of specimens within the temperature
range of 100-300K have been measured by a.c. bridge method. The
room temperature ionic conductivity ¢(25°C) is equal to
2.45x10720"'cm-!. The dependence of the ionic conductivity on
temperature is in keeping with the Arrhenius relation very well for
T > 150K and the activation energy E =0.198 eV. In addition, a plus
deviation of the conductivities was revealed for T < 150K. The lower
the temperature and the higher the measuring frequency, the larger
the deviation.

The electronic conductivities of the specimens have been
measured within the temperature range of 170-270K. At room
temperature the order of magnitude of its value is 10-3g~'cm-!. The
linear relation of ino, ~1/T has been discovered, and the activation

energy E. = 0.300 eV. Therefore, the ionic transport number is
unity in the investigated temperature range.

The thermoslectric power © of the specimens at 100-300K
has been measured, and the formula

-8=20.218 + 0.124x10%/T (mVK-1)

has been obtained. From this it was found that Ag* transport heat -

Qpg+ = 2.6 kcal/mol.

The influence of the magnetic fields of 3000-10000 Gauss on
the logitudinal a.c. impedance, the transverse a.c and d.c.
impedance and the thermoelectric power have been studied, but no
effect has been detected. According to the sensitivity of the
instruments, we are sure that the effects of such magnetic fields on
the above-mentioned physical properties must be below 1/10Q0.
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INVESTIGATION OF 1HE TELLURIUM-RICH PART OF THE TERNARY
SYSTEM Ag-Nb-Te USING A SOLID SILVER ELECTROLYTE

W.SITTE, l.BEGSTEICER, and H.P.FRITZCR

Institut fir Physikalische und Theoretische Chemie
Technische Universitit Graz
A-8010 Graz, AUSTRIA

In spite of the great technological importance (super-
conductivity,structure,magnetic properties) of the binary system
Nb-Te numerous investigations showed both contradictory and
inconsistent results with respect to the existence and range of
composition of various phases (e.g., Nb Tey, NbTe, Nb Ted(?),
NbSTe7(?), NbSTea(?), NbTes(?), and Nb'?e4 )} below 606 K.

In contrast, the binary system Ag-Te.is well known. At 600 K
three compounds exist: Agz.oTe. Ag_,y ng, and A85Te3-

Only two ternary compounds have been reported in the system
Ag=-Nb-Te: AgZNbTe3 and AgZNbSTeb.

The aim of this work was the investigation of the tellurium-
rich part of the System Ag-Nb-Te (reaching up to the compound
NbTeZ on the binary line Nb-Te) using Agl as solid electrolyte.
The “cell )

Pt/Ag/AgI/AgXbeTe/Pt

has been chosen. for coulometric titrations at 600 K (i.e. ca. 30 K
below the melting point of the eutectic system Ag.Te.-Te). In
particular the investigation of the ternary systeﬁ siould give
essential informations about the binary system Nb-Te at that
temperature,

. Binary and ternary samples have been prepared from high grade
purity Ag,Te and NbTe, as well as NbTe, and Te by solid state
reaction %n evacuated quartz ampoules it 670 K. Silver has been
titrated into (and/or out of) the samples by the use of a
precision current source. The open cell voltage has been measured
as a function of the silver content by a high-impedance electro-
meter (galvanostatic intermittent titration technique). Typical
current densities were in the region 0,02 - 0,4 mA/cm~-. The
time necessary to achieve equilibrium after each titration step
varied between ! - 12 hours.

The binary system Ag-Te has been reinvestigated in accordance
with the results of Valverde (1). In the present studv the

solubility limit of silver in pure Te has a value of about

2 mole-%. In the ternary svstem Ag-\b-Te constant cell voltages
werc measured within large three-phase areas consisting of
Ag.Te., Te, and \bTe,, as well as Ag.Te;,other Ab-Te-compounds,
and Apg_ Te, respec%ively. The results showed no compound
formatiofn” for higher Te-contents than \bTe, at 000 K. The ranges
ot _composition as well as thermodynamic préperties (e.g. 3G9 and
2S;) obtained from the emf-data, will be reported for various
\h-Te-compounds. )

(1Y N.Valverde, Z. Phvs. Chem. (N.F,} 0 11970) 113-527

p23/s-2

APPLICATION OF FAST IONIC CONDUCTORS IN SOLID STATE
GALVANIC CELLS FOR GAS SENSORS.

G.H8tzel and W.Weppner

Max-Planck-Institut fiir Festk¥rperforschung
D-7000 Stuttgart 80, Fed. Rep. Germany

The application of fast ionic conductors for measuring partial
gas pressures of the transfered ionic species in the
electrolyte , e.g., the determination of oxygen asctivities
vith the help of doped zirconia is well established and
commercialized. There. is, however, a 1large number of
important species for wnich no solid electrolyte is svailable
at the present time. Examples are Cl,, CO, CO, , NO_ and SO
‘Gas sensitive thin film mixed. conductors werée é-pfoyed t3¢c
these cases, which relate the activities of the gaseous
species to the transfered ionic species in the fast solid
electrolyte  according to Duhem-Margules' equation. The
measuring range is between room tempersture and 473 K, These
all solid state sensors may be ministurized and integraced
into electronic circuits. : . .

Galvanic cells of the type

reference l fast solid gos sengitive mixed
electrode electrolyte conductor

were constructed. Preferably, 8-aluminas, Ag,RbI, or Agl were '
used as solid electrolytes. The gas sensitive mixed
conductors consist of AgCl (for Cl,-partial pressure
measurements), AgNO,, Na,CO, and others. “Thin film AgCl on a
Agl, Agkkvl or A;-ﬂ-afuaina‘ substrate showvs Nernstian
behavior with the correct chenge of potential with che
variation of the chlorine psrtial gas pressure. A sometimes
observed deviation from the absolute value according to
Nernst's equation has been attributed to chemical variations
of the reference electrode. Similar experimental responses
using the other substrates as wmixed conductors have been
observed for the other gas components. -

The aﬁpfied technique  has .'conlidernbly " . expanded the
spplication of solid state galvanic cells for monitoring gas
partial pressures of a variety of chemical species.
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ELECTROCHEMICAL BEHAVIOUR OF STABILIZED ZIRCQN[A
USING THICK FILMS TECHNOLOGY

M. M.GOGE , K.HEGGESTAD . , M.GOUET

Laboratolrn de tmmodynulque et Glectrocmnlo
des matériaux

Université Paris XII

avenue du Général de Gaulle - 94010 CRETEIL CEDEX-
FRANCE -

ABSTRACT :

Thick films technology is used to prepared cermets
sat on a substrate . _

The electrolyte is made of platinum and yttria
stabilized zirconia ; two or three electrodes of
platinum are set by the same process as the
electrolyte .

These samples are jnvestigated by means of ac and

dc electrochemical methods between 200 and 500°C

and in a range of oxygen partlal pressure from
104 to 1 ata . '

The current - polarization curves are presented .
Interfacial 02 /Pt/YST and bulk properties are
observed by means of complex admittance diagrams
cbtained in a large range of frequencies :
102 to 10% wz .

All the results are discussed . They show that
this kind of cells can be used as polarographic
oxygen sensors in these ranges of temperature and
oxygen partial pressure .

. P25/§-4

A STUDY ON THE EFFECT O¥ SILTCON UPGN MK ACTIVITY
COEFFICIENT OF NIOBII™ !N LIQUID IRON HITH THE
SOLID ELENTROLYTE OXYOEN CFRLL PECHNTQUF

TUNG Ting, WEL Shoukun, ZHANG Shenabi < I Mingfu

Bei jing University of iron and ‘itecl rechnology
Bei jing, People’'s tepublic of “"hina

As a further investication on the thermodynamic behaviour
of Nb in liquid iron, solid electrolyte oxygen cell technique
was used to study the effect of i upon the activity coefficient
of Nb in liquid iron at three temperatures 1823, 1953 and 1883K.
In contrast to the prevaus researches oun eQB and e“' reported
elsevhere and vwith a view to preventing the reductxon of NbO
by s5i, liquid iron containing Nb and 5i was equilibrated Ultﬁ
3102 under purified Ar atmosphere in quartz ccrucible, the follow-
ing cell assembly being adopted:

MolMo,MoOzuerZ(MqO)"lsx). $i02/Mo*4rd cermet,Vo
The chemical reactions involved werei

Mo02(g) = Mo(g)*02 3 5 G9=190700-118. 321
0 =20 3 £ (0==273050+15.56T J
[si] +2{0])= sioz(s) ' D :%2-550820+207.19T J

The error caused by the electronic conductivity of the MqO-doped
zirconia solid electrolyte tube was corrected vith the Schmalz-
fried formula. With the ap values experimentally ascertained,
the interaction coefficients e}’ at three temperatures could be
evaluated both on the same concentratiun as Hell as the same.
activity basis. The corresponding values of “no vere calculated

‘with the conventional method, with results given as below:

K 3ame concentration method Same actxvity met hod
1823 1.38 ] 1.02
1853 0.98 0.88
1983 0.72 T 052
enp = 382 19,36 (rs0.ar W 29333 _14.€0 (r=0.7%7)

Values of any* al for every «xoeriment were found to de less
than the equxlxbrxum constant for tLie rcaction ‘boz‘,,-[Vogoz[nl.
so that no formation of NbUp vas assured,

Referencess

1) WEI Shoukun et al: Rare Metals (=M 0 tlwdd), . No. 1, 10.

2) ZHANG Shengbi et al: acta Hetallurgical Sinica 20 (1984), 46,
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I0K-SELECTIVE ELECTROCHEMICAL SEXSORS BASED ON
ION-COEDUCTING CHALCOGELRIDE GLASSES

Yi. G. Vliasov and BE. A. Bychkov

Department of Chemistry, Leningrad
University, Leningrad 199164, USSR

Silver ion conducting chalcogenide glasses are promising
membrans matsrials for solid-state ion-sensitive electrodes
- slectrochemical sensors for sslective dotomination of
different ions in liquid media. '

Sensors basad on Ag-As-8 and Ag-As-Se glasses provide the
direct potentiometric determimation of » gilver ions in strong
‘acid and corrosive media, such as 6 M _nitriq acid.

Silver ion conducting chalcogenide glasses containing lead
iodide or sulfide are highly semsitive to lead ioms, 10-100
times more stable for active oxidiszsing trestment, and 10-20
times more selective to cadmium ions in comparison with
crystalline jon-selective membranes.

Copper ion-selective electrodes based on copper-silver-
-arsenic-selenium glasses are 10-30 times more sensitive
in strong acid media.

Cadmium chalcogenide glass sensors are 10-30 times more
selective to alkali and some divalent cations, their acid
stability and stadbility to oxid.tion being higher as well.

Different types of ion-selective electrochemical sensors
based on chalcogenide glasses are described and ion sensing
mechanism is discussed on the basis of investigation of
solid-state properties of membranss.

PL/P-13

CORRELATION BETWEEN STRUCTURE AND TRANSPORT
PROPERTIES IN ION CONTAINING NETWORKS

H. CHERADAME, A. GANDINI, J.F. LE NEST

Ecole Frangaise de Papeterie (INPG), BP 65,
38402 Saint Martin d'l!iru cedex, France

Various polysther-urethans networks containing seversl slcali metal sslts
have been shown to exhibit high ionic conductivity sbove their glass tran-
sition temperature (1). This situation reflects the fact that traasport .
proparties are dependant on the wobility of chain segments. Por inatance
dynamic mechanical properties and ionic conductivity follow the same tem-
perature dependance explained by free volume variations (2). Electrochsmi-~
cal studies based on the determination of the ionic tramsport aumbers asnd
by wolcamparometry have confirmed the high anionic conductivity in agree-
ment with the high local anionic mobibity already detected by spin-spian
relaxation (T,) measurements (3). The intersctions between the catioms,
such as lithium ions, and the oxygen atoms belonging to ether bondo deser-
ved s spacial study wvhich simed at explaining the um 1 high ductivi-
ty obsarved at constant segmentsl mobility at high salt concentration. A
detailed study of the glass transition tempersture of various networks
possessing macromolecular chains betwesn crosslinks of variable length

and of different lithium perchlorate content shows that the ions are regu-
larly dispersed in the amorphous material without phase segregation up to
relatively high salt concentration. Equilibrium swelling ssasurements sup-
port the assusption that the sslt is under the form of ion patvs or quadru~
polas within a large salt conceantration range.

(1) A. KILLIS; J.F. LE NEST, A. CANDINI, H. CHERADAME
-!hcrmlnculu. 17 (l“b). 63 and ref. therein

(2) A. lILLIS J 7. LE NEST, A. c.mnu. HB. CHERADAMR, J.P. COHEM m
Solid Suu Iomcl. 14 (1984), N

(3) A. KILLIS, J.F. LE NEST, A. GAMDINI, H. CHERADAME, J.P. COHEM ADDAD -
Polyms. Bull., 6 (1982), 351
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TY, DR, DSC, and NMR STUDIES OF POLY(VINYL ACETATE) COMPLEXED
conpuctivt WITH ALKALI METAL SALTS*

M, C. Wintersgill, J. J. Fontanella, J. P. Calame, M. K. Smith
Physics Department
U.S. Naval Academy
Annapolis, Md 21402, USA

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

New York, NY

C. G. Andeen
Physics Department,
Case Western Reserve University
Cleveland, Oh 44106, USA.

ctrical conductivity, dielectric relaxation (OR), differential
scannfl: calorimetry (DSC) and nuclear magnetic resonance (NMR) studies
have been carried out on poly(vinyl acetata) (PVAC) cqmplexed with a 4
variety of 1ithium and sodium salts including perchlorates, triflates an
fodides. The electrical conductivity and dielectric relaxation
measurements wera carried out using a fully automated complex 1mpedan$:
bridge operating at seventeen frequencies over the range 10-10 Hzi e
conducsivity varies with the concentration of the salt, For example, -
at 102°C the conductivity for 8:1 PVAc-1ithium perchlorate is aboutTIO
(ohm-cm)~" while that for 4:1 material is about 5 times greater. The
variation of the conductivity with temperature is also described. The
electrical relaxation spectrum for pure PVAc consists of four peaks. .
Significant differences are seen in the complexed material. For example,
for 8:1 PVAc-lithium perchliorate most peaks are similar to those observed
in pure PVAc while for 8:1 PVAc-sodium perchlorate, the spectrum is
strongly affected. The spectra for PVAc-lithium todide and PVAc-lithium
triflate are extremely simple. The DSC studies were carried out using a
DuPont 990 DSC and show three thermal features which are dependent upon
the salt and the thermal history of the samples, Finally, new NMR stud:es
are presented. The results are considered in the light of previous norh .
on PVAc complexed with lithium perchlorate (1) and a model similar to tha

for an ionic elastomer.

i baum
1. M. C. Wintersgill, J. J. Fontanella, J. P. Calame, S. G. Green .
and C. G. Andeen, J. Electrochem. Soc., 131, 2208 (1984).

#This work was supported in part by the Office of Naval Research.

P3/P-17

POLYMER SOLID ELECTROLYTE PHOTOELECTROCHEMICAL (lZELLS
WVITH n-Si POLYPYRROLE PHOTOELECTRODES

0. In!nnls and T.A. Skothein

Brookhaven National Laboratory
Departnent of Applied Science
Upton, New York 11973

We have developed a new type of photoelectrochemical cell (PEC) based on
rectifying junctions between senmiconductor electrodes and thin film polymer
c0lid electrolytes. This holds out the hope of being able to ranufacture sll
thin film solid state PEC's without the sericonductor surface corrosion
problens associated with liquid electrolyte PEC's.

Our present study has focussed on surface modificstion techniques for
improving the rates of charge transfer between semiconductor electrodes and
redox ion couples in polymer solid electrolytes. Specificslly, we have shown
that surface modificstfons of n-Si electrodes with thin films of polypyrrole
can dramatically reduce the lasrge activation energy barrier against efficlemt
charge ‘transfer between bare semiconductor electrodes and polymer solid
electrolytes.

The n-Si surface modifications we have studied include the following:
(1) bare n-Si (etched in HF only); (11{) n-Si costed with 200-400 A polypyr-
role.BF,; ({1i1) n-5{ coated with 10-20 A electron beam evaporsted Pt; (iv)
n-5i coated with 10-20 A Pt followed by deposition of polypy:rolc.lfb; (v)
n-Si with 10-20 A Pt followed by deposition of polypyrrole.icdide. The n-Si
was alvays etched in HF before the surface nodification. The polypyrrole
films were grown on the n-Si surface with the technique of photoassisted
electrochemical oxidation.

A thin costing of polypyrrole.BF, grestly improves the charge transfer
charscteristics of the interface. 10-20 A of Pt improves the electronic
coupling further between the polypyrrole and the Si leading to nmore efficient
hole scavenging. A Pt coating alone without polypyrrole produced slightly
less efficient charge transfer.

The most efficient interfsces incorporate fodide ss the anion in the poly-
prvrrole, synthesized from MeCN solution containiog tetrsethylanmoniun iodide.
With the polypyrrole.lodide coating the charge transfer characteristics rela-
tive to bare n-Si are improved by abou: three orders of magnitude, resulting
in energy conversion efficiencies in the 3-4X range dased on 100 mU/egz inci-
dent white light.

The efficiéncy of the present foterfaces are limited by high ‘surface
recombination velocities on the n-S{ surface. This 4is shown by the poor
spectral response in the high photon energy region of the spectrum.

Acknow ledgentnl

This work was supported by the Divisfon of Chemical Sciences, U.S.
Departnent of Energy, Washington, D.C., under Contract Ho. DE-AC02-76CHO0016.
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[ON CONDUCTION MECHANISM IN NETWORK POLYMERS FROM POLY(ETHYLENE OXIDE)
AND POLY(PROPYLENE OXIDE) CONTAINING LITHIUM PERCHLORATE

Masayoshi Wstanabe, Satoshi Nagano, Kohel Sanul, and Naoya Ogata
Department of Chemistry, Sophfa University, 7-1 Kioi-cho, Chiyoda-ku,
: Tokyo 102, Japan

Ion conduction mechanisam in network polymers from poly(ethylene oxide) (PEO)
and poly(propylene oxide) (PPO) containing lithium perchlorate(LiCl0,) was
clarified in terms of carrier generation and tramsport processes. The net-
work polymers were prepared by a crosslinking reaction of triol-type PEO and
PPO (number average mol.wt.=3000) with tolylene-2,4~diisocyanate. LiC1lO,
was dissolved in the network polymers by an immersing method. The degree of
crystallinity for the PEO networks was considerably lower than that of
linear PEO. With increasing LiCl0, concentration, the degree of crystal-
linicy decreased still more, whereas the structure of the crystallites was
similar to that of the salt-free.PEO. Melcing points of the crystallites
were at around 20 °C, The PEO complexes with the LiClO. concentrations
higher than [L1C10,]/(EO unit]=0.05 were completely amorphous. In contrast,
the PPO networks and the PPO-LiClO. complexes were completely amorphous,
independent of the LiCl0, concentrations. In the both complexes glass tran-
sition temperatures(Tg) increased with fncreasing the LiCl0, concentrations.
Ionic conductivity, estimated from complex impedance measurements, reached
10? Scw~! at 30 °C for the PEO complexes and at 70 °C for the PPO complexes.
Arrhenius plots of the ionic conductivity for the partially crystalline PEO
complexes deviated positively from a straight line above the melting points
and obeyed a straight line function with larger temperature dependence below
those temperatures. The amorphous PEQO and PPO complexes deviated positively
from the Arrhenius eq. in terms of the temperature dependence of ductivi-
ty. lIonic mobility of the both complexes in amorphous state(40-100 °C),
measured by transient ionic current method, was changed from 10-*-10* ca
V='s=! {n this temperature range, almost independent of the polymer struc-
ture. The Nernst-Einstein eq. correlated the ionic mobility with the ionic
diffusion coeffictent. The Williams-Landel-Ferry eq. with C;=5-9 and C,=30-
70 held with a temperature dependence of the diffusion coefficient in the
order of 10-*-10-7 cm?s™', when Tg was used as a reference temperature. The
change in the number of carrier ions with temperature obeyed the Arrhenius
eq. The degree of dissociation for LiCl0, was more facilitated and the ac-
tivation energy for carrier generation was lower for the PEO complexes, in .
comparison with those of the PPO complexes. The activation energy increased
with increagsing LiCl0, concentrations in the both complexes. Thus, the
carrier transport and generation processes were explained by the free volume
and Arrhenius activation mechanisms, respectively. The temperature depen-
dence of fonie conductivity in amorphous and rubbery state could be express-
ed by the follo:ing eq.
: *

R it )
where e i3 elementary electric charge, N, and D, are constants, U is disso-
clation energy for the lon pair, € is relative dielectric constant, Y is a
numeric factor, Vi* {s a critical volume required for ion migration, and Vf
is a free volume. Higher {onic conductivity in the PEQ complexes was mainly
based on the larger number of fonic carriers and the lower activation energy
for carrier generation. The large decrease in the conductivity below the
melting points of crystallites in the PEO complexes may be attributed to the
condensed LiC10, concentrations in the amorphous region, which increased the
activation energy for carrier generation and-decreased the carrier mobility
due to the increase in Tg.

- [
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THE KINETICS OF THE ELECTROCHEMICAL DbPlNG PROCESSES
OF POLYACETYLENE

v ‘ .B.Scrosati
Dipartimento di Chimica, University of Rome 'La Sapienza',
Piazzale A.Moro 5, 00185 Rome, Italy.
and
M.Lazzari
Dipartimenio di Chimica Fisica Applicata, Polytechnic of Milan,

Milan, Italy.

Polyacetylene is a very interesting polymer which has been
proposed as an improved electrode material in rechargeable
lithium batteries(1). However, this use may be somewhat limited
by the kinetics of the electrochemical doping processes (2) which
are characterized by a slow diffusion of the dopant species
throughout the bulk of the polymer(3).

In this work we report a study of the electrochemical pro-
cesses at the polyacetylene-electrolyte interface, with parti-

cular concern to the reversibility of the charge-transfer reaction

“and to the diffusion of the dopant species. This study has bedﬁ

carried out by cyclic voltammetry and a.c. impedance measure-

ments.

REFERENCES.
l)-D.MacInnes,M.A.Druy.R.J,Nigrey.D.f.Nairns,A.G.MacDiarmid and
A.J.Heeger, J.Chem.So¢., Chem.Comm.,317 (1981). '
2)-G.C.Farrington,B.Scrosati,D.Frydrych and J.DeNuzzio,

J.Electrochem.Soc., 131, 7. (1983). o
3)-A.Padula,B.Scrosati,M.Schwarz and U.Pedretti,
J.Electrochem.Soc., 131, 2761 (1984).
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STRUCTURE AND IONIC CONDUCTIVITY OF MIXED LEAD HAL|DE$
PbC|2xBr2(‘_x)

M. Lumberas, J. Protas*®, S. Jebbari®,
G. D. Dirksen** and J. Schoonman**
Laboratoire de Genie Physique-CLOES
Universite de Metz
57045 Metz Cedex
France .

*Laboratoire de Cristallographie
Universite de Nancy |
P.0.Box 239
54506 Vandoeuvre-lgs-Nancy
France

**Solid State Department .
Utrecht University
P. O. Box 80.000
3508 TA Utrecht
The Netherlands

Lead chloride and lead bromide exhibit Schottky disorder and
anion conductivity. They show complete mutual solid solubility.
Mixed lead halide crystals have been grown by the Bridgeman
technique in order to elucidate relations between structural and
electrical properties. - Microprobe analysis has been used to
establish the anion ratio CI/Br. Al solid solutions adopt the
orthorhombic PbCl, structure (Pnma). In this strycture, two anion

sites can be discerned. Preferential anion site occupancy has beqn
observed for PbClysBr,g and PbCi, sBrys, while PbClBr is

completely ordered.

The ionic conductivity of several compositions in the system
PbCl,-PbBr, has been studied by impedance spectroscopy as a
function of composition and temperature. A simple equivalent
circuit appears to fit all the data. Analysis of the bulk parameters
reveals a maximum in the aH_, (migration enthalpy) vs. x relation.
The concomitant AHg. (formation enthalpy) vs. x relation reveals a

decrease for x ranging from O to ~0.5 and 1 to ~0.5, with a
pronounced maximum at x = 0.5 due to the complete ordering of the
anion array. Isothermal conductivities decrease with x and reveal a
minimum for x=0.5. Usually, cation conducting Schottky or
Frenkektype solid solutions obtained by homovalent anion doping
reveal substantial conductivity enhancements (e.g., K(C1,Br),
Ag(C1,Br)). The present anion conducting Schottky-type sol@d
solutions show the opposite behavior. This will be discussed in
relation to ordering effects, along with homovalent dopant-induced
lattice distortions on the number and mobility of the conducting
defects.

P7/0C-9

Diffuse Neutron Scattering Study of

Antifluorite Type Cuz_xSe'

' - ~.
R. J. Cava*, N. Hesse} Andersen , K. Clausen ,
E. A. Rietman', and J. K. Kjems

*AT&T Bell Laboratories
Murray Hill, New Jersey'07974
U.S.A R

]
Riso National Laboratory
t Riso, Denmark ’

ABSTRACT

We have synthesized single crystals of Cu,Se and Cu Se by
Bridgeman growth from the melt. The basic sttacture of lhgse
materials in their highly conducting B phase is that of the much
studied fluorites except that the cations are the mobile species.

‘Charge compensation in the non-stoichiometric casf+occurs through

the introduction of a mixture of Cu2* with the Cu’*, unlike the
case of the fluorites where nonstoichiometry in the mobile
fluorine sublattice is accommodated by aliovalent dopant ions in
the immobile cation sublattice. A highly cooperative motion is
expected for Cu,Se where for a normal antifluorite structure no
vacant tetrahedgal sites are expected to occur without accompanying
interstitial jons. We have investigated the diffuse scattering
intensity in the hol zone in the fast ion conducting phase for
both Cu; oSe and Cu,Se. Maps of the diffuse scattering indicate
a short—fgnge ordeting of the mobile ions which is significantly
different from that in the fluorite structure compounds. The
short-range order extends over several unit cells and the details
of the ordering depend on the mobile ion stoichiometry. The
diffuse scattering is quasielastic in nature and indicates that
the short-range order is of dynamic origin. We have studied the
energy widths of the principal diffuse scattering features as a
function of position in reciprocal space and temperature .
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DIFFUSION AND PRESSURE EFFECTS IN THE SUPERIONIC CONDUCTOR Ag]SBr
’ STUDIED BY NMR

H. Huber, M. Mali, J. Roos, and D. Brinkmann

Physik-Institut, University of Zurich, 8001 Zurich, Switzerland

B'AgJSBr exhibits an ionic conductivity of about 0.002 (R cm)-' at room
temperature (1). In order to obtain detailed information on the micro-
scopic processes involved in conduction, we have measured as a function of
temperature the NMR relaxation times T

t
‘071\3 and I°9Ag and the self-diffusion coefficient D of

and Tz of the mobile silver ions

'°9Ag by employing

the NMR pulsed magnetic gradient technique.

2 . N
12 m /s with an activation

The value of D at room temperature is 2.9°10"
energy of 0.19 eV in.good agreement with conductivity data (1). Our re-
sults will be discussed in.terms of the number of mobile Ag ions and their
hopping rates.

The spin-lattice relaxation of .the Ag nuclei‘is caused by fluctuating
magnetic fields arising trom anisotropic chemical shifts when Ag ions

diffuse among inequivalent sites. Between. 160 K and 550 K the T' data are

analyzed in terms ot two dittusion processes: (i) hopping with an activa- '

tion energy of 0.14 eV, (ii) vacancy induced diffusion with a 0.19 eV
vacancy enthalpy of formation and a 0.1 ev energy of migration, the un-
deroccupancy of Ag sites being 1.2 % at room temperature.

By monitoring the S‘Br NMR signal as a function of pressure and tempera-
ture the boundaries of the high conducting 8 and the iov conducting y
phase in the temperétura-pfelsura phase diagram were determined similar
5. .

Investigations of the influence of pressure on the relaxation times T

to our previous studies in RbA_gbl

1

and Tz are in progress.

(1) G. Chiodelli, A. Magistris, A. Schiraldi, Zeit.f.ﬁhys. Chemie 118
(1979) 177. .

(2) H. Huber, M. Mali, J. Roos, D. Brinkmann, Rev. Sci. Instruments 55
(1984) 1325. )
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INVESTIGATIONS ON THF FORCES OF INFRTIA OF THE MOBILE IONS IN

' SOLID 10NIC CONDSUCTORS - MFASUREMENTS ON RbAgQIS

Manfred Betsch, Hans Rickert and Rainer Wagner
University of Dortmund, Chair for Physical Chemistry I, P.O. Box 500 500,
D-4600 Dortmund 30

The forces ol inertia of electrons in metallic conductors were already measured
by Tolman [1] in 1916. By decelerating a merallic conductor a voltage pulse
occurs between its two ends, which is proportional to the ratio mass/electrical
chirge of the electrons. This ratio is for example in the case of silver ions
about 105 times greater than in the case of electrons. Therefore we have
measured the [orces of inertia of ions on solid ion conductors.

After having made investigations on a-Agl as a first model substance at a tem-
perature of 170°C (2], we have investigated in further measurements the solid
ion conductor RbAg,l, at 25°C and 120°C. '

In our experiments rods of RbA;4ls with silver electrodes at both ends were de-
celerated by letting them drop from different heights to a plastic material on
the ground. In the moment of striking the ground the forces of inertia of the
mobile silver ions caused voltage pulses, which were proportional to the velocity
before striking and to the length of the RbA;‘l,-rods but independent of the
temperature which is in accordance to theotetical considerations. Using the mass
and the electrical charge of the silver ions the voltage pulses could be calcu-
lated. Calculated and measured values were in agreement within the accuracy

of measurement of 1%.. ) ' ) :

As the vol'tage is built up very ﬁuickly it is practically an exact measure for
the acceleration at any time and therefore solid ion conductors may be of
interest for the construction of accelerometers { 3].

{1] R.C. Tolman, T.D. Stewart, Phys. Rev. 8, 97 (1916)
iZ] M. Beisch. H. Rickert and R. Wagner, Ber. Bunsenges. Phys. Chem.,
. accepted for publication ‘

[31 H. Rickert, Patent Applicuion in Germany under number Nr. 5346401,2. at
22.12.1984 and further ones in different countries '
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Bulk Interaction Between'AgI and u-Fezo3 in their Composite
Electrolyte
Chen Li-quan, Zhao Zong-yuan and Dai Sou-yu
Institute of Physics, Chinese Academy of Sciences, P.O.Box
603, Beijing, China.
(Abstract)
We have found recently that not only the conductivity of
S-Agl(-.-Alzo3
but also the a-phase to B -phase transition temperature was de-

) composite electrolyte was increased substantially

~reased obviously by the existence of DSPP n—Alzol- It means
+hat the bulk property of matrix phase B-AgI was influenced by
the DSPP ‘-ALZOJ. In this paper we will show that the bulk pro-
perty of DSPP S-Fezo

in AgI(x-Fe

3 is also effected by the mother phase AgIl

203) composite electrolyte.
The low temperature conductivity and susceptibility of com-

nosite electrolyte Ag[(°~Fe203) have been investigated. It is

noticed that the logo vs. l/T curve have a truning-point. The
tomperatures correspond to the turning-point are continuously .

decrease from 256K to 147K with the AgI content increasing from
J to 90m/~. The susceptibility measurement coincide quite well
vith the results of electrical experiments.

The Mossbauer spectral studies of AgI(dOm/qa-Fezos) have
" 2en performed at different temperatures. Each spectral is com-
g>sed of three sub-spectra which corresponds to two interfacial
states between Agl and a-F9203 and one bulk state in a-FBZOJ.
Tie hyperfine internal magnetic field(Hin) and quadrupole split-
ting (SQ) in a—FeZO] has abrupt change at about 190K.

Form above results it seems clear that the Morin transition
t :mperature a-l-'ezo3 is influenced by the existence of Agl. there-
(e the bulk properties of the two phases in composite elec-
trolyte are interacted each other.

P11/AC-22

AN NMR STUDY OF Li,Ti307
M. EL-GEMAL and R. DUPREE

Physics Department, University of Warwick, Coventry, U.K.

In view of its potential for providing information about activation

- energies, correlation times etc NMR is often used as a tool to investigate
fast ion conductors.  In many cases however the bchaviour is anomalous in
that the activation energy obtained from NMR is much less than that from
the conductivity and the attempt frequencies anomalously low. One example
of such a’'system is Li,TiSO for which Huberman and Boyce obtained an
activation energy from® T,~0.2 eV, compared with 0.45 eV from o, and
an attempt frequency of “~4x10° #12. Various explanations werc
proposed for this behaviour including '"the break-down of absolutc,rate
theory”, and 1d ionic motion. We have remeasured T and T, for 'Li in
very pure highly stoichiometric material and also ih off stoichiometric
material. We obtain a.T, and T, more than an order of magnitude longer
than observed by Hubermaﬁ and B8yce over most of the temperature range and
an activation energy for T, much closer to that measured in conductivity
studies. Small departures”from stoichiometry rapidly reduce the relaxa-
tion times. The results will be discussed in terms of the presence of
paramagnetic ions in this material.
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IONIC CORDUCTIVITY AMD CRYSTAL STRUCTURE OF Li

H. HAMDOUNE and D. TRAN QUI
Laboratoire de Cristallographie, C.N.R.S., associé A 1'U.S.M.G.,
166 X, 38042 Grenoble Cedex (France)

E.J.L. SCHOULER

(1-:0 T (2-2)1%F3%12

. Laboratoire d'Energétique Electrochimique, ENSEEG, B.P. 75V,

38042 Saint Martin d'Hdres Cedex (France)

It has been reported that for moderate substitution of Ti‘f' (x < 0.4)
by Ind* in Li(1ex)Ti(2-x)InkP3012, R3C Nasicon like structure was formed in
this solid solution and high ionic conductivity was observed in these com-
pounds. Further substitution (x > 0.4) of trivalent In has distorded the
rhombohedric lattice parameters leading presumably to lower monoclinic sym-
metry (1).

Attempts to identify the presumed monoclinic phases by X-ray powder
diffraction patterns were inconclusive,

In order to overcome this difficulty we have tried and recently succeeded
to growth single crystals of phases with x = 0.0, 0.6 and 2.0 and straight-
forwardly determined their space groups and lattice parameters. Using these
parameters the X-ray powder diffraction diagrams of the whole system, x ranging
from 0.0 to 2.0, are successfully indexed.

In this paber we describe : .
- The experimental method used to 'growth the single crystals

- The crystal structure of two monoclinic phases : Lij gTii.4Ing, eP3012
and monoclinic LizInyP30p2 o .

and present the results of :

- Phase identification by X-ray powder diffraction, space group and
unit cell constants, for x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.6, 1.0, 1.2, 1.4,
1.5, 1.6, 1.8, 1.9 and 2.0. .

- Conductivity measurements versus temperature (from room temperature
to 500°C).

It is also showed in this study that the conductivity of these phases,
at 300°C, increases drastically with In concentration to reach a maximum
value as high as 2.10"2 (gcm)-! for x = 0.3 and then decreases down to
~ 1073 (Aem)~! for x = 1.0.

Finally correlations between conductivity behaviour of the
Li()4x)Ti(2-x)InxP3012 phases versus x and their structure deviation from
Nasicon type structure are discussed.

(1) Li Shi-Chun and Lin Zu-Xiang, Solid State Ionics 9 and 10 (1983) 835-838.
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RELATION BETWEEN ALKALI ION CONCENTRATION AND APPAR!N‘I.' GLASS BASICITY:
CONDUCTIVITY MAXIMUM IN GLASS

Steve W. Martin
Department of Chemistry
Purdue University
West Lafayette, Indiana 47907

ABSTRACT

Utilizing the wide glass-forming range of pseudo~binary system
xNa 0(1-x) [B;03°nAl203] , to 72.5 molX Nay0, the dependence of the fonic con-
ductivity in glass on mobile ion fraction and appareat glass basicity has
been examined in detail. At very high mobile fon fractions the increasing
basicity of the glass, discussed in terms of the amount of charge residing on
anionic sites, plays an increasing role in incressing the activation energy for
fon migration and also reducing the number of "free" mobile charge carriers.
These combined effects are seen to produce clearly observable maximum in the
conductivity/mobile fon fraction curves. For systems where large anions are
introduced into the glass, viz. x = I~, conductivity m#ximum are not observed
and these results are compared to the present observations.
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P14/G~30

ION CONDUCTING GLASSES IN THE NaZO-Y203-5102 AND LLZO-Y203-SI.02 SYSTEMS

M. Grayson Alexander and Brian Riley

Technology Development Dept.
Combustion Engineering, Inc.
1000 Prospect Hill Rd.
wWindsor, CT 06095
U.S.A.

We have synthesized and measured the lonic conductivity of glasses in
the M;0-Y,03-510, (M= Na, L1) systems. The Na glasses, {n particular,
have potentfal applications, such as electrolytes in Na/S cells. Glass
samples were formed by melting together the component materials, then
pour-quenching the melts onto a room temperature refractory brick. Na-
based compositions consisted of 20 to 50 m/o Nay0, 1 to 20.m/o Y€ and
39 to 67 m/o Si0,. Li-based compositions consisted of 30 to 3m/o
Lix0, 5 to 20 m/o ng “and 39 to 60 m/0 S10,. Glass formation occurred
in both:the Na and } systems for composfuons ‘with 10 or less mol

percent Y,03. All glasses were clear. Those containing more than 30

m/o M50 wer8 light green, while others were colorless. - Y

AC conductivity (o) was measured with blocking electrodes at 10 khz,
between 25 and 40P C. For the Na glasses, o increased with increasing
ratio of Na to Y, reaching a maximum for, the composition 39.1 Naj0 -
7.5 Y50, - 53.4 S10, (3.4 x 10°3 (acm)™' at 300°C), then decreased
with u%'ther increase in Na,0 content, The activation energy, E,,
reached a minimum (0.58 eV) for the same composition. For the £
glasses, o also increased with increasing ratio of Li_ tg Y, reacqins«
a final maximum for 45 L1,0 - 6 Y,05 - 49 510, (3.0 x ?0' (qcm)”’ at
300°C). E, was also lowest (0.60 eV} for this composition.

Preliminary results of tests of compatability with Naor L1 and S at

200 to 350°C are favorable. Although some discoloration of the glasses

resulted from several days immersion in molten alkali metal or sulfur,

observation by SEM and energy dispersion analysis showed that this was
due to surface coating of alkali metal or sulfur on the sample and not

to chemical reactions. .

P15/G-31

INTERRELATION BETWEEN THE GLASS TRANSITION
AND IONIC CONDUCTIVITY

Steve W. Martin
Department of Chemistry
Purdue University
West Lafayette, Indians 47907

ABSTRACT

Recently the importance of the location of the glass transition relative

to the working temperature of the fonically conducting electrolyte has been
pointed out. Hence it was shown that for the widely different systems Agl +
AgPO3 and Naj0 + 510, that both have essentially the same value of conductivity
at their respective glass transitions. To examine this relationship betrween
glass transition and working temperature further, the system Li,0O + P,0g has
been studied since our new measuremsnts shov that this systea exhibits, for con-
stant composition, & glass transition which can be varied systematically from
170°C to 350°C by thermal treatments of the l1iquid. Initisl results indicate
that the conductivity decreases with decreasing glass transition. These en-
tirely new and unexpecte results are discussed in terns of the relationships
between the location of the glass trsnsition and the long range connective
bonding in the liquid. ’
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