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Introduction

. The stage 1 and 2 graphite intercala-
tion compounds (GIC's) formed by the
electrochemical reaction of graphite with
sulfuric acid (H2SO4) can be prepared with
a wide range of charge transfer values.
For a given stage compound, the charge
transferred between carbon and intercalate
layers is changed by the electrochemical
conversion of H3S04 to negatively charged
HSO4” in the intercalated layers [1]. This
relatively small change in the chemical
character of the intercalate layer makes
graphite-H2804 an ideal system to study
the effect of charge transfer on the
electronic and lattice dynamical proper-
ties of acceptor-type GIC's. In another
paper at this conference [2], we present
results of neutron diffraction studies
carried out on graphite-H3S04 which show
that, as the stage 1 and 2 compounds
undergo ing¢reases in charge transfer, both
the c-axig and a-axis lattice constants
contract.,” These contractions would be
expected to lead to an upshifting in
frequeicy of both the in-plane and out-of-
plame graphitic modes. Recent Raman
scatterin? studies [3] report that the
~1600 -em™ ! intralayer graphitic phonons
upshift linearly with increasing charge
transfer in both the stage 1 and 2 com-
pounds. In this paper we report the
results of inelastic neutron scattering
studies of the c-axis longitudonal phonons
of stage 1 and 2 graphite-H35804. The c-
axis phonons are also observed to upshi ft
with increasing charge transfer. The data
are analyzed in terms of a phenomeno-
logical force constant model in which the
42504/HS04” layer is treated as a rigid
molecular sheet.

Experimental Details

Plates of highly-oriented-pyrolytic-
graphite (HOPG) obtained from Union
Carbide were electrochemically reacted
with 98% D504 (Ventron-Alpha) using a
constant current source (~100 microamps).
Jeuterated HySO4 is used in these studies
because -hydrogen has a high absorption
coefficient for meutrons. At these cur-
rents, with the initial graphite masses
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used, a time of ~70 hours was needed to
reach the stage 1 Cp;*(HSO04")(HpS04)3. 5
compound. The cell current was reduced to
~1 microamp while the phonon data was
being recorded, which essentially fixed
the sample stoichiometry during the data
collection period. The samples were
suspended in the acid by a platinum clip,
and a Pt-foil counter electrode was used
to complete the electrochemical circuit.
Throughout the paper we abbreviate the
sample stoichiometry by the form C*p.
charge transfer is then f=1/p holes per
C-atom. The neutron data were taken using
a triple axis spectrometer in the High
Flux Isotope Reactor (HFIR) facility at
the Oak Ridge National Laboratory.

The

Results and Discussion

In Fig's la and 1b we display, re-
spectively, the results for the low- and
high-charge-transfer forms of the stage 1
and 2 compounds. The experimental data
are indicated by the symbols and the re-
sults of our model calculations are indi-
cated by the solid lines. The data were
taken on pure stage compounds as determin-
ed by (002) elastic scattering scans. A
phenomenological force constant model was
used to analyze the data. In the calcula-
tions the intercalate layers were treated
as rigid units. This reduces the size of
the dynamical matrix to a 2x2 for stage 1,
and a 3x3 for stage 2. The justification
for this approximation is that the S-0
bond stretching frequency is a factor of
~10 larger then the observed (q=0) stage 1
LO phonon frequency. As can be seen in
Fig's. la and 1b, treating the molecular
layer as rigid is evidently a good
approximation, as the data are reasonably
well described by nearest neighbor force
constants only. These force constants are
shown schematically above the data in
Fig's. la and 1b. 1In the case of the
stage 1 compound, the fit was improved
slightly by adding the second neighbor
force constant (C). The values for the
respective force constants are listed in
the figures in the units evZ-amu. To put
these units into perspective, a good fit



to the c-axis LA and LO phonon data [4]
for pristine graphite (HOPG) was
was obtained using only nearest-

neighbor forces, with the force constant
The effect on the

value D=.0176 eV2-amu.
LO branch due to the maximum charge
transfer increase during the stage 1,2
“overcharging" periods, as the electro-
chemical conversion of H3S04-in the
intercalate layers is called in the
literature, is about 0.5-0.7 meV.
corresponding change in the force
constants, as determined by the data
analysis, is indicated in the figures.
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