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!Introductién E §¢
! "This paper reports results of a neutron
‘diffraction study on both the wmagnetic and the @
:lattice dynzmic structure of graphite-FeCli.
‘The Fellj system was selected for this study
‘because

of the interesting magnetic properties
previously reported for this system.lnzl3 of
particular interest 1s the low temperature mag—
netic phase transit{ion, which has been shown to
be stage dependent.2»3 For exanple, in the
magnetic state, the spin alignment! has been
reported to be in-plane with an assumption that
within a single layer the spins were ferromag-
netically aligned, but between planes the align-
ment could be elther ferro (stage 2) or anti-
ferromagnetic (stage 1). In addition, MSssbauer
experiments 2,3 suggested that the stage 1 and 2
compounds showed very similar magnetic beha-
viord, while the stage 4 and 6 compounds failed
to show a low temperature in-plane spin align-
ment .
Special emphasis was given to the study of
‘the low temperature magnetic state of the Fed+
spins and to the longitudinal phonon modes for
kz axis acoustic branches. All experiments
reported here wuere carried out on a stage 2
‘sample of graphite-FeClj. The sample was pre-
‘pared by a two-zone vapor growth technique and
wvas characterized by (00L) x—-ray and neutron
diffraction patterns to be > 95X stage 2, with
only miner inclusions of other stages.

Magnetic State

The results of the (00f) rneutron scans for

tenperatures T » 80 oKk showed no evidence for
ferromagnetic spin alignment  (either inter-
planar or intra-planar) ia & stage 2 compound.

Static 1in-plane magnetic flelds of
Tesla were applied and fields of
fatled to achiieve ferromagnectic 1in-plane align—
meat by means of a spin flop transition. In
this 1in-plane high field experiment at T ~0.1 K
we were able to produce an in-plane wmagnetiza-
‘tion which was caly about 10X of the expected
ferromagnetic saturation value, Some evidence
of 1inter-planar magaetic correlations was how-
ever found., A weak (hk0) peak indicating a
doubling of the in-plane unit cell was observed.
However, from our analvsis of the data we
conclude that neither a ferro nor a simple 2
sublattice antiferronagnetic inter—planar align-
weat was compstible with our observations. The
magnetic state iInferred from the IGssbhaver ex—
periments? cannot definitively establish long-
range order. A Mossbauer experiment i3 sensi-
tive to the local spin environment and often is
unable to distinguish a long-range ordering from
a slowing down of a spin relaxation process.

NOTICE

up to ~b6
this magnitude

‘has heen reproduced from the ho.st available
cony to permit the broadest possible avall-
ahility.

Fig. 1.
In the z direction 1n
tion compoundes.
zone folding
The

Longitudinal phonon modes prbpagating
graphite-FeCl3 intercala-
The dashed curve represents the
of the pristine graphite branch.
points for stage 2 represent our inelastic
neutron scattering measurements. The solid

curves are calculated from the one-dimensional
model discussed in the text.

These neutron diffraction results for our
stage 2 sample are thus inconsistent with any of
the previously proposed magnetic structures.l,?
Though the results do not preclude a low temper-
ature wagnetic phase transition, neither do they
confirm a conventional transition to a magneti-
cally ordered state.

Lattice Modes

On the other hand, inelastic neutron 4if-
fraction peaks were observed in room temperature
(00z) k-space scauns. These diffraction
were identified with the longitudinal acoustie
branches. Only 3 branches were observed and
these are shown in the stage 2 panel of Fig. 1
as the open circles. The high frequency optical
branch { which occurs at ~B68 cm~! 1in pristine
graphite) was not observed, nor were any of the
FeCly type 1intercalate vwvibrations observed.

These intercalate FeClj mcdes are expected to be
IR-active and should occur in the 200 € w < 500
en~l range.S

The calculated results for the low frequency
longitudinal phonon branches for stage 1 to 6
graphite-FeCl3 are shown in Fig. 1, in which the
dashed curve 1s the folded graphitic longitud-
inal mode and the solid curves are the result of.

peaks

' a one~dimensional model calculation with nearest’
. neighbor elastic interactions.
- of

The calculatian
these branches as a function of stage is
achieved by introducing addirianal graphite lay-
ers into the c-axis vnii cell and using the same
basic set of (orce coastants {see Tahle 1).
Because of the assumption that the interactions
between graphite interior layers are identtcal
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