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Abstract. To elucidate the origins of the metallic properties of the peanut-shaped Cegg polymer, we ex-
amined the valence photoelectron spectra of the polymer using in situ high-resolution photoelectron spec-
troscopy and found that the density-of-states (DOS) of the polymer clearly comes across the Fermi edge
in a manner similar to that of Au film used as a reference, indicating that the peanut-shaped Cgo polymer

exhibits metallic properties.

PACS. 71.20.Tx Fullerenes and related materials; intercalation compounds

1 Introduction

In a previous work [1], we discovered that Cgo molecules
are coalesced to each other to form a peanut-shaped
Ceo polymer by electron-beam (EB) induced polymeriza-
tion of Cgg molecules. This polymer exhibited metallic
current-voltage (I—V) characteristics at room tempera-
ture under atmospheric conditions [1].

To reveal the origins of the metallic electron-transport
properties of the peanut-shaped Cgg polymer, we pre-
viously examined the valence photoelectron spectra of
the polymer in an ultrahigh vacuum (base pressure: 1 x
107 Pa), using ultraviolet photoelectron spectroscopy
(UPS) with an energy resolution of 50 meV and with
non monochromatic Hel emission lines (Hel3 emission line
was included), along with graphite as a typical m-electron
conjugated semi-metal system [2]. It was found that the
density-of-states (DOS) around the Fermi level (EF) for
the peanut-shaped polymer was greater than that for
graphite and seemed to come across the Fr. However,
the previous measurement conditions (an energy resolu-
tion of 50 meV and non monochromatic Hel emission line
including not only the main Hela line but also the minor
Helf line) were not sufficient to discuss with precision
the DOS of the peanut-shaped polymer in the vicinity of
the EFr. To clarify the behavior of the DOS of the peanut-
shaped polymer in the vicinity of the Er edge with more
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accuracy, we have in the present study examined the DOS
of the polymer around the Fr using UPS with a higher
energy-resolution (10 meV) and with a monochromatic
Hel emission line (Hela line only).

2 Experiments

After a Cgo film (100 nm thick) formed on a copper sub-
strate (5 mm x 5 mm) by sublimation of Cgy powder
(99.98% pure) at 673 K for 90 min, the pristine Cgo film
was measured in situ by UPS with an energy resolution
of 10 meV and with the monochromatic Helaw emission
line (21.218 €V) in an ultrahigh vacuum (base pressure:
1 x 1078 Pa). After the measurements, the film was ir-
radiated with the EB-gun (an incident energy: 3 keV, an
electron current: 500 pA) for 12 h. We confirmed by in situ
infrared spectroscopy that 12 h of EB-irradiation was suf-
ficient to allow the Cgp molecules to completely coalesce,
thus forming a peanut-shaped Cgg polymer. After 12 h of
EB irradiation, the film was measured in situ by UPS at a
substrate temperature of 350 K, because we examined the
effect of the charge-up on the UPS spectrum around the
Er as a function of substrate temperature and observed
no effect of the charge-up during Hel irradiation of the
sample at above 350 K. The zero value in binding energy
for the present measurements was determined from the
Fermi level (Ep = 0 eV) of a gold film, which was de-
posited on the same Cu substrate as for the pristine and
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Fig. 1. (Color online) In situ high-resolution UPS spectra of
pristine Cgp film (blue line) and peanut-shaped Cgo polymer
(red line).

peanut-shaped Cgg polymer, by fitting its UPS spectrum
with a Fermi distribution function at the measurement
temperature. In the present substrate temperature, the
Er of a semiconductor is located in the middle between
the valence and conduction bands by thermal broaden-
ing, and is almost same position as that of a metal with
thermal broadening at the temperature.

3 Results and discussion

Figure 1 shows UPS spectra of pristine Cgp (blue line)
and peanut-shaped Cgp polymer (red line) films obtained
at a substrate temperature of 350 K. For the pristine
Cgo film, some intensive narrow bands such as HOMO
and HOMO-1 were observed. This result indicates that
the band structure of solid Cg is strongly reflected by a
molecular solid (in other words, molecular orbitals). On
the other hand, for the peanut-shaped Cgy polymer, each
band broadened in response to the disappearance of the
molecular character caused by EB-induced polymerization
between adjacent Cgg molecules, and the valence density-
of-state (DOS) spread toward the Ep.

In order to clarify the behavior of DOS of the peanut-
shaped Cgo polymer in the vicinity of the Fr, we measured
more precise UPS spectra of the pristine Cgg and peanut-
shaped polymer films in the binding energy of 3.0 eV be-
low the Ep, as shown in Figure 2. The inset shows the
magnified spectrum of the peanut-shaped Cgy polymer
around the Er, together with that of a gold film in situ de-
posited on the same substrate. It was found that the DOS
of the peanut-shaped polymer is much greater than that
of the pristine Cgg film near the EFr and clearly comes
across the Fermi edge in a manner similar to that of a
gold film, which indicate that the peanut-shaped Cgg poly-
mer has a metallic feature. However, the Fermi step was
not clearly observed for the peanut-shaped Cgg polymer,
though the DOS of 2D and 3D metals exhibits a Fermi
step similar to that for the gold film, as shown in Fig-
ure 2. When the spectrum of the peanut-shaped Cgg poly-
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Fig. 2. (Color online) Magnified UPS spectra of Figure 1 in
the binding energy range of 0-3 eV. Inset shows the UPS spec-
trum of the peanut-shaped Cegog polymer near the Fermi level,
together with that of a gold film in situ deposited on the same
substrate.

mer was looked carefully, the spectral function around
the Er was similar to that for quasi 1D materials such
as (TaSeyq)sl and Ky 3MoOgs in their metallic phase, as
shown in Figure 1 of reference [3]. These findings sug-
gest that the peanut-shaped Cgg polymer also has a quasi
1D structure exhibiting a metal-insulator transition at a
given temperature, similar to (TaSey )2 and Ko 3MoOs3 [3].
This transition would change the electron-transport mech-
anism of the polymer. In fact, we have recently observed
that the electron-transport mechanism was changed at
around 90 K by examining the temperature-dependence
of the electrical resistance of the polymer [4]. It will be
a source of further study to elucidate the structural di-
mensions of the peanut-shaped Cgg polymer by optical
and photoelectron measurements from the perspective of
low-dimensional quantum electronic behaviors such as the
Peierls transition [5] and Tomonoga-Luttinger-liquid [6-8].
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