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Structure and Heat Capacity of Superionic Conductors
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It is reviewed that how the excess heat capacity observed in superionic conductors is concerned
with its structure and the behaviour of mobile ions distributed in a highly disordered fashion.

Superionic conductors are classified into two types according to the number of ions responsible to

ionic conduction; in Type I, all ions of one specy in the compound are responsible, such as o-Agl,

and in Type I, mobile ions are produced by doping an impurity into insulators and are equal to the

number of the impurity introduced, such as YSZ (ZrO,+Y,0,).

The crystal structure and the heat

capacity of the Type I superionic conductors are mainly described, especially on o-Agl, a-Ag,S, and

0-RbAZL;.
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Table 1 Comparison of superionic conductors with electronic ones from a viewpoint of

number of carrier.

Type

Tonic conductor

Electronic conductor

I Number of carrier
=Number of ions
(atoms)

o-Ag*l

a-Ag*,SI
a-Cu*l
a-PbF*,

II  Number of carrier
<Number of ions
(atoms)

III' Number of carrier~0 Na(Cl, ---

B-PbF*,(Frenkel type defects)
B-CaF*,(Frenkel type defects)
B-SrCl*,(Frenkel type defects)

ZrO*,+Y,0%,(Gd,0,, CaO, - --)
CeO*,+Y,0%,(Gd,0,, Ca0, ---)

Metal(ion + free electron)

o-Ag*,X(X=S,Se,Te)

Intrinsic semiconductor
pure Ge, Si

Impurity semiconductor
Ge, Si(+In, Sb, Ga, As, - -)

Insulators(SiO,, - --)

The asterisk * denotes the carrier element
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Fig.1 I-V characteristic curve measured for the YSZ
PLW junction at 800C in air.
rectifying phenomenon in the inoic current is
observed. YSZ and PLW mean (Zr0,)4.6x(Y504)0 08

and Pbggol.ay,WO, 1o, respectively.
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Fig.2 Crystal structure of a-Agl and a-Ag,X(X=S, Se)
proposed by Strock and Rahlfs. Large white
circles mean anion positions and other three

markes are positions available for Ag ions.
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Fig.3 Comparison of the calculated diffuse scattering for
a-Agl with experiment. The calculation was made
on the assumption that Ag ions occupy only 12(d)
sites.
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Fig4 Density distributions of silver ion on the (100)plane in a-Ag,S (a) at
186°C (contour interval 0.0057x107%cm- A=) and (b) at 325°C (0.0048x

10712. 473,
B
O8(C) »32(f)

Fig.5 Available sites for silver ions in a-Ag,Te in
which anions from fcc structure. White circles
indicate tetrahedral sites. Centers of small cubes

formed by black points are octahedral sites.

Fig.6 The difference map of the electron density F ion
in PbF, between 443 and 22°C.
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Table 2 Sites of Ag ions and the oceupancies in o-

RbAg,Is
Type Number of sites Site oceupancy
in the unit cell
a 8 0.111
b 24 0.391
c 24 0.229

75+

C

501 v,Debye

C, Jcal-K~*-mol™!

25
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Fig.7 Heat capacity of RbAg,ls at constant volume C,
exp.t and estimated vibrational contribution to the

heat capacity, C, pebye-

AC, fcal: K-!-mol™

i
100 200 Elee] 400 500

Fig.8 Caluculated (solid lines) and experimental (with
points) excess heat capacity of RbAg,ls at constant
volume. The parameter indicates the assumed pair
repulsion energy u, (eV) when silver ions occupy,
at the same time, b sites being nearest neighbour

each other.
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Fig9 Heat capacity of Ag,S obtained by Okazaki and Takano with

results reported by others.

heat  capacity
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obtained

Small open circles and black ones are

experimentally and  theoretically,
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Fig.10 Heat capacity of Agl. (a) For the stoichiometric composition with different heat treatment before
measurement. Hatches indicate values reported by other experiments. Broken line shows Lieser’s
result. (b) For non-stoichiometric compositions.
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Fig.11 Comparison of calculated heat capacity for a-Agl
with experimental one. The full curve includes
the contribution from the iodine distribution while
the broken curve omits it.

FENTWT, HFIHEETRLUTBW 2, Lieserid,
CORELGBERLERE, BAAVORBIZLEHIDT
HTWE#EELTWAS, —F, Figlod)Tit, &g
LR HBROMIZREIZRD LNk,

Perrott & Fletcher* IO L 5 BTDH LT LEHENML &
3, a-Agl OSSR, ZOERITR bR EE
X, Strock DEFMAELWVE &R, 6e), 12(d), 24(h)
D 3EEOYA P BHE, EEILR TV, FOH
T, Wb, Fig2De@e) A FERELRYA P ERE
L, B4 6eBot A4 Mo, 2O F VHT

~—168—

3 AMEEEL, B4 F DTS M, XK
FHREET DL LT, AgX,BlE4E O order-disorder D
HE LTH Y- 72, BiTHpair Ag-Ag, Ag-X, X-XH
OFELER, BILUparOE, TRTN, Vo, Vax
Ve BE P npggag Aage txx & LT, ROMEIER T A
VE—W_ %

W =npeasY agag+MagxVagx +ixxVxx

& %L, Bragg-Williams Al TRERFEAC, L KD 2
&,

AC,=3<W_>/dT

EFEEND, T T, <W,_>Idorder parameter S=—ED
T O, configuration {22 W TDEE %KY, order-
disorder 3L BIRFE ¥ Agl DREESSST & LTETE L2AC,
&, FRABRBEC,ORNE, EBREL LEBEHATHEL
7z (Fig 115 8),

COFERIIH LT, BEHilJostSRFEIE X, Perrott
Er OB, HFLYERLTWS, Jostid®, Aglizp—
MBEEB TR E R FHIGELS R, B OREMIE
{hoT, BRI ERAEENF LS O TidZwhE,
BMEEL TV, 4.2TLRA/ZL 51T, Perro®id
ALS THRIBORERBELBAIL T2, alid %
BEORELBEME, 5 B4E, Lieser B8R L Tw
20HTHY, T, BIAOShavivd b DR, Ag,S
OB DLW &, Perrott b DRI, BIGLA2v,

LiL, RIS ORI RTLIHED, BorR
XA T3, Borjessen & Torell*id, AglDBLEEET

Netsu Sokutei 21(4) 1994



BA A HBROBE - RER

25+

20

C/GN-m™
T
i
|
!
|
i
!
]
|
[ 6
| =

T/K

Fig.12 Temperature dependence of the elastic constants
of a-Agl derived from an Brillouin scattering

measurement.  Dashed lines are extrapolations.
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Fig.13 Temperature dependence of the depolarization

ratio /,/I,, in Raman scattering from o-Agl.
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