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Low Energy Excitation Mode and Low Temperature Heat Capacity

in Superionic Conductors

Michisuke Kobayashi

(Received June 12, 1995)

The low energy excitation LEE) mode measured in superionic conductors and the study by

the low temperature heat capacity are discussed. The neutron inelastic scattering observed the LEE

mode in Ag, Na and Cu ion conductors. The observation of the heat capacity offers an important
information to specify the LEE in the superionic conductors. This mode might be one of the char-

acteristic featuresof superionic conductors. Namely materials which show the superionic property in

the high temperature phase exhibit the characteristic feature of the LEE mode in its low tempera-
ture phase. The characteristic features of the LEE mode are investigated theoretically.
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Fig.1 Scattering function S (Q, ®) of B-Agl at 140C
as obtained with incident neutrons of A =48
A at scattering angle ¢ =105° ; not corrected

for resolution; arbitrary units’
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Fig.2 Observation of a dispersionless excitation at §
meV in a 10 em? crystal of Na P-alumina which
is attributed to an Einstein-like motion of the

sodium ions.4
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Fig.3 Low energy excitation mode in RbAg.ls.s
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Fig.4 Midium-resolusion scans taken at three different
temperatures for Q= (1.6, 1, 0) ¢ The two
lower temperature cases are in the ® phase and
the third is in the B phase. The lines are guides
to the eye. The lower two curves, however, were
calculated assuming a resolusion-limited Gauss-
ian at AE =0 and a Lorenzian-broadened ex-
citation at finite energy. The parameters were
chosen to approximate the data.
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Fig.5 The constant-§ dynamic scattering function S (Q, @)
with Q ~2.1 A-lof B- and @-AgsSI at 295K” .The
lines show the fitting results for each mode; dotted
line — TA mode, broken line — TA mode+local mode,
solid line —TA mode+local mode+diffusion mode.
The vertical lines with data points show the statis-
tical errors.
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Fig.6 The generalized density of states G (Q, ®) of
B- and ®-Ag;SI at 295K” . The lines show the
fitting results for each mode; dotted line--TA
mode, broken line--local mode, solid line--TA
mode+local mode, The vertical lines with data
points show the statistical errors.
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Fig.7 The dynamic scattering factor S(Q, ®) with Q0 ~
2.06 At of B-Cu,Se at room temperature.® The lines
show the fitting results for each mode; solid line —
local mode +acoustic mode + diffusion mode; bro-
ken line —local mode+acoustic mode;dotted line —
acoustic mode.
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Fig.9 The generalized density of states G(Q, ®) of Cul.® The lines show the fitting results for each mode; solid

line, low-energy excitation mode+acoustic mode; broken line, low-energy excitation mode;dotted line, acoustic

mode. The vertical lines with data points show the statistical errors; (a) 25T, () 200C, (c) 300T,

400 C.
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Fig.10 (a) Partial structure factors Sap (g) vs g along
th, 1, 0) at 435 K.(b) Total structure factor S {g) ,
neutron structure factor S, (g) X 10724 cm?, X-ray
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Fig. 11 Debye characteristic temperatures of (ZrO) 1
(Y,03) ., assuming 3 degrees of freedom per
atom.2’x =0, x =0.02, and x =0.0396 cases are
shown by the black circles, open circles and tri-

angles, respectively.
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in the low temperature region? x=0 and x=
0.0396 cases are shown by the black circles and
triangles, respectively.
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Table 1 The number density of cations n, the static
dielectric constant €, the observed low-energy

excitation ®,, and the ionic plasma frequency

W,19,
Superionic n €0 0¥ oy /ey
_Conductor {102¢m -3) (meV) (meV)
B-Agl 1.211 7 2.5 35 0.71
B-AgaS 3.517 15 20 4.1 0.49
B-AgsSI 2.566 33 20 23 0.87
RbAgsks 1.127 7 2.2 3.4 0.64
B-Cu2Se 4.143 20 34 5.0 0.68
NaB-ALOs 0.285 12.4 6 2.8 2.1
AgB-AlO: 0.285 11.3 2.0 1.3 1.5

Table 2 The temperature dependence of the Ag-ion
density in a-Ag2Te by MD calculations16). ZT
and ZO are the rations of time steps of how
long Ag ions stay at tetrahedral and octahedral
sites respectively.

Temperature (K) YA Zo
550 0.985 0.015
650 0.949 0.051
750 0.878 0.122
850 0.841 0.159
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Table 3 Concentration of Ag ions

Temperature (T)  n/Jn,
550 1
650 0.982
750 0.944
850 0.924
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Table 4 Low energy excitations

Superionic Conductor

Amorphous Solid

Order
Randomness
FSDP
Material

LRO (immobile ions)
Yes (mobile ions)
No

Observation  Neutron Scattering
Specific Heat

Ionic-Covalent Material

MRO

Yes (in total)

Yes

Metal, Semiconductor

Raman and Neutron Scattering

Specific Heat, Thermal Conductivity

Ultrasound
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