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Low-Temperature Heat Capacities of Graphite-Intercalation
Compounds and Their Solid State Properties

Toshiaki Enoki, Kazuya Suzuki

Graphite is a layer compound, and charge transfer complexes are formed berween
graphite and donor or acceptor materials. These complexes are named as graphite intercala-
tion compounds, where the guest materials are inserted between graphite layers. The
graphite intercalaction compounds are metallic with two-dimensionality. The experimental
studies of low-temperature heat capacities are presented to show the electronic structures
and lattice vibrations in these compounds. The electronic specific heat of alkali-metal-
graphite intercalation compounds is explained in terms of the charge-transfer between
graphite and alkali metal. The lattice specific heats have the Debye and Einstein terms of
lattice vibrations. In the alkali-metal-hydrogen-graphite ternary compounds, which are
obtained by hydrogen uptake in alkali metal-graphite intercalation compounds, electronic
specific heat is reduced as the increase of hydrogen concentration. This means that hydrogen
with strong electron affinity reduces the concentration of conduction electrons on graphite
and alkali-metal. The lattice bivration is modified by the presence of hydrogen. The heat
capacity investigation suggests two-dimensionality of the electronic structure and lattice
vibrations of acceptor graphite intercalation compounds. Magnetic specific heat is discussed
for transition-metal-chloride-intercalated graphite.
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Fig. 1 The structures of alkali-metal-graphite
intercalation compounds. (a) Stage-1
compounds CgM (M = K, Rb, Cs). d =
535 & (K), 565 A (Rb), 5.94 A (Cs).
(b) Stage-2 compounds C,zM. (¢) In-
plane structure of CgM. Three kinds of
circles denote alkali metal atoms, which
diameter varies in the order of Cs > Rb >
K.
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Fig. 2 Plots of C/T vs T2, for the stage-1 to 4

cesium-graphite intercalation compounds
in the temperature range 1.5-5 K.
(Mizutani et al. 1978).
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Fig. 3 The electronic specific-heat coefficients
v are shown as a function of alkali-metal-
atom concentration. All lines, except the
solid line, refer to theoretical predictions
based on the rigid-band model of pure
graphite. The solid straight line is obtain-
ed on the basis of the heterogeneous
charge-distribution model. The correction
for the electron-phonon coupling is
denoted by e-p correction. (Suganuma
etal 1981).
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Fig. 4 The electronic structure model of CgM.
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Fig. 5 (a) The Debye specific-heat coefficients
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Fig. 8 CM/T-vs-T2 plots for Cg Rb and hydrog-
enated CgRbH,. Open circles denote

the results of CgRb, and solid circles
CgRbHggs5. Solid lines were obtained
by means of the method of least squares.
(Enoki et al. 1985)
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Fig. 9 The hydrogen concentration dependence
of v and N(Eg) for CgKH, and CgRbH,,.
Open circles denote the results of Cg KH,
and solid circles CgRbH,. Solid and
dashed lines are quides for the eye.
N(Eg) is not corrected for A. (Enoki
etal 1985).
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Fig. 11 The hydrogen concentration depend-

ence of the Debye temperature ®p and
the Einstein characteristic temperature
Tg for CgKH, and CgRbH,. Open and
solid circles denote ®p for CgKH,, and
CgRbH,., respectively, and open and
solid squares Tg for CgKH, and
CgRbH,, respectively. Solid and
dashed lines are guides for the eye.
(Enoki et al. 1985).
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Fig. 12 The magnetic specific heat of the stage-
2 FeClz-intercalated graphite, Cy,FeCl3.
(Onnetal 1982).
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