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Effect of the Intercalation of Ne on Electronic
Properties of Cgq Solids
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The intercalation of Ne in Cgg solids has been studied. Gas effusion spectrum of Cgy powder
exposed to Ne at 100°C, three evolution peaks of Ne are found near 100, 200 and 250°C.
Electrical resistivity of a Cgp film increases by the exposure to Ne at 100°C. Electron spin
density of a Cgq film docs not vary by the exposure to Ne. The intercalation of Ne and its
effect on electronic properties of Cg solids are discussed.

Keywords: Cgg solids; intercalation of Ne: electron spin resonance; gas effusion spectros-
copy; electrical resistivity

INTRODUCTION

It is well known that the electronic properties of Cgp solids are not stable
in air, because Cqq solids intercalate O,. Therefore it is important to protect
the intercalation of Oy into Ceq solids in order to apply to electronic devices
for Ceo solids. It was reported that rare gas such as Ne and Ar were
intercalated into Cgq solids by exposure to rare gas at high pressure [1-3].

There is possibility that the intercalation of O, into Cgq solids is protected by
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the occupation of the interstitial sites with rare gas. Then the electronic
properties of Cgp solids will be stable in air. However the effect of the
intercalation of rare gas on the electronic properties of Cg solids is not known,
In this report, the intercalation of Ne and its effect on the electronic properties
of Cgo solids have been studied by gas effusion spectroscopy, electron spin

resonance and electrical resistivity.

EXPERIMENT

Cgo powder (Term Co.) was used in gas effusion spectroscopy and as a
source material on preparation of Cgg films. The nominal purity was 99.98%.
Ceo films were prepared by a vacuum evaporation method in the vacuum of
~2.0X 107 Torr. The Cgg source powder was sublimated at 400~450C onto
sapphire substrates. The substrate temperature was 250C. The film
thickness of samples used in electron spin resonance (ESR) and electrical
resistivity were ~5.0 and ~3.0um, respectively.

Gas effusion spectroscopy was measured at a heating ratio of 5°C/min as
described previous report [4]. Cgo powder was exposed to Ne of 1.0 atm. at
100 to intercalate Ne after annealing at ~350°C in vacuum of ~10~> Torr for 8
hours. The purity of Ne was 99.999% . Electron spin density of a Cgq film
was obtained by ESR. The electrical resistivity was measured in a vacuum of
~7% 10" Torr. In this work, Au was evaporated as gap electrode with a gap of

60pm. In these measurements, Cgo films were exposed to Ne of 1.0 atm. at

100%C after annealing at 200~250%C in vacuum of ~10°5 Torr for 8 hours.

RESULTS AND DISCUSSION

Figure 1 shows a gas effusion spectrum of Ne for C¢g powder exposed to
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FIGURE 1 Gas effusion spectrum « FIGURE 2 Gas effusion spectrum
Ne for Cgo powder exposed to Ne at  of Ne for C¢g powder exposed to
100°C for 24 hours. Ne at 100°C for 24 hours.

Ne at 100°C for 24 hours. The curve NL shows the noise level. In this
spectrum, three evolution peaks of Ne are found near 100, 200 and 250°C. Itis
found by cyclic experiments that the absorption and desorption of Ne in Cgg
powder are reversible phenomena. Therefore this result indicates that Cgp
solids intercalate Ne by exposure to Ne at 100°C. From figure 1, it was found
that Ne intercalated in Cgp solid should be annealed out at ~250°C. Figure 2
shows a gas effusion spectrum of Ne for Cg film exposed to Ne at 100°C for
24 hours. The spectra in figures 1 and 2 are those for samples held in vacuum
for 3 and 13 hours after exposure to Ne, respectively. In figure 2, the evolution
peak of Ne near 100°C is not found. From these results, the origin of Ne
evolved near 100°C and above 200°C would be estimated as Ne adsorbed on
the surface or in grain boundaries and Ne intercalated in Cgg solids,
respectively. Cgg solids have octahedral sites (O sites) and tetrahedral sites (T
sites) as a interstitial site. Ne would be intercalated into O sites, because Ne is
smaller than a size of O site and larger than a size of T site.

Figure 3 shows the dependence of the electrical resistivity of a Cgg film

on the exposure time to Ne at 100°C. The electrical resistivity of the sample
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FIGURE 3 Dependence of electrical FIGURE 4 Temperature dependence
resistivity of Cgo film on exposure of electrical resistivity of Cg film.
time to Ne at 100°C.

increases with the exposure time to Ne. This result indicates that the electrical
resistivity of a Cgg film increases by the intercalation of Ne. Figure 4 shows
the temperature dependence of the electrical resistivity of the Cgq film. Solid
circles (1) show the electrical resistivity of the sample annealed at 200°C in
vacuum for 12 hours. Open triangles (2) show the electrical resistivity of the
sample, which was exposed to Ne at 100°C for 40 hours after annealing at
200°C in vacuum for 12 hours, with increasing temperature from room
temperature to 200°C. Open circles (3) show the electrical resistivity of the
sample annealed at 200°C in vacuum for 12 hours after exposure to Ne at
100°C. From this result, the electrical resistivity of the sample exposed to Ne
at 100°C recovers by annealing at 200°C in vacuum. Comparing with the result
of gas effusion spectroscopy, this recover would be caused by annealing out Ne
from the sample.

Figures 5 and 6 show the dependence of the electron spin density and the
g-value of a Cg film on the exposure time to Ne, respectively. The electron

spin density of the sample does not vary by the exposure to Ne. The g-value
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FIGURE 5 Dependence of electron FIGURE 6 Dependence of g-value
spin density of Cgp film on exposure  of Cqg film on exposure time to Ne.
time to Ne.

of the sample also does not vary by the exposure to Ne. These results indicate
that the intercalation of Ne does not affected the electronic property of Cgo
solids. Both the electron spin density and the electrical resistivity of a Cgo
solid increase by the intercalation of O, [5,6]. Therefore the effects of the
intercalation of Ne and O, on the properties of Cgg solids are different. This
difference in the effect of the intercalation of Ne and O, on the properties of
Cgo solids would be explained as follows. The g-value of O;-intercalated Cgp
solids is ~2.003. The g-values of Cgo" and Cgqo are 2.00221 and 2.00056,
respectively [7]. Therefore there is a possibility that the intercalated O, could
accept electron from Cgg solids. The increase of the electrical resistivity by the
intercalation of O, could be caused by the electron acceptance of O, from Cep
solids, because a Cg solid is an n-type semiconductor. On the other hand, the
intercalated Ne could not accept electron from Cgg solids, because the electron

spin density does not vary by the intercalation of Ne. It was reported that the
lattice parameter of Cgq solids was expanded by the intercalation of Ne [3].

Therefore the increase of the electrical resistivity of the sample by the
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intercalation of Ne could be caused by the expansion of the lattice parameter.

SUMMARY

In gas effusion spectrum of Cg¢o powder exposed to Ne at 100°C, three
evolution peaks of Ne are found near 100, 200 and 250°C. Cgp solids
intercalate Ne by exposure to Ne at 100°C. Electrical resistivity of a Cgg film
increases by the intercalation of Ne. Electron spin density of a Cgp film does
not vary by the intercalation of Ne. Comparing with the results of the O;-

intercalated Cg¢ solids, the increase of electrical resistivity of Cgg film by the

intercalation of Ne could be caused by the expansion of lattice parameter.
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