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The  structures and  physical properties  of
metallofullerenes are studied in solid, thin filnnda
nanometer scale. The crystal structures of isoinansl |1

of M@GCs, (M: Ba, Ce and Dy) have been determined by
X-ray diffraction at ambient and high pressures.eTh
crystals of isomers | of Ce@fand Dy@G, take a
simple cubic (sc) structure with the space groupaf at
290 K under ambient pressure. The Dy atom liedhat t
off-center position on the fLaxis of the Dy@g:
molecule. The gaxis aligns along [111] of this crystal
lattice. The thin films of M@g; and Dy@ G, have been
formed in order to study the electrical and optical
properties. The thin films are characterized by XZ8\
EXAFS and Raman. The XANES and Raman show that
the valence of the metal atoms is +3 in Ce@&hd
Dy@G,. The EXAFS shows the same structural
parameters for the thin films of Ce@@nd Dy@G; as
those for the powder samples. This implies that the
meatallofullerenes are not damaged by thermal dépos

in forming the thin films. The resisitivityp, of Dy@ G,
and Ce@G, shows a semiconductor-like temperature
dependence; the temperature dependence pofor
Dy@G;; is shown in Fig. 1. The energy gdg,s , of
Ce@G, and Dy@G;, have been estimated to be 0.4 and
0.2 eV, respectively. Th&y's are consistent with that,
~0.3 eV, determined by UPS and electronic absargto
La@G."? This implies that these metallofullerenes are
narrow gap semiconductors. The field-effect transss
(FET's) have been fabricated with the thin films of
metallofullerenes. The Dy@gthin-film FET shows an
n-channel normally-on type property (Fig. 2). The
electrical and optical properties of Dy@Chave also
been studied with the thin film.

The STM images of M@4§ and Dy@ G, adsorbed on
Si(111)-(7X7) surface have been observed at 290180d
K. The STM shows a clear image of single molecdle o
these metallofullerenes. The height of Dy@olecule
determined by STM is 11.3 A where the molecule is
adsorbed on the first layer of Dy@CThe value is close
to the van der Waals diameters along thex@ and the
another long axis of the Dy@£molecule. The van der
Waals diameters of these axes are 11.3 — 11.4 Ae wh
the distance is ~10.8 A for the short axis. Coneatjy, it
has been concluded that either of the long axes in
Dy@Gs; is oriented along the direction perpendicular to
the surface. This molecule has a dipole momentuseca
the Dy is displaced from the center of thg €age. The
dipole moment should affect the orientation of the
molecule. The STS has been measured to deterimne t
local electronic structures of metallofullerenefeTSTS
shows thekE; of 0.1 eV for Dy@G, which is consistent
with that, 0.2 eV, estimated from the The STS of
metallofullerenes adsorbed on i€ by applying the
gate voltage is tried to realize the nanoscale FET.

1) B. Kessler et alRPhys. Rev. Lett. 79, 2289 (1997).
2) C. J. Nuttall et al Adv. Mater. 14, 293 (2002).

0.9

N

p (105 Qcm)
-~

0.35 \

=
=

o
—
2

In[p (Qcm)]

0.0040 0.0050 0.0060
UT (K1)

Fig. 1. (a) Temperature dependenceoah thin film of
Dy@Gs,, and (b) temperature dependence of In

2.0 Vo =140V
=
. S /7120 V
—~ 15t 7o (v
< ¢ 90V
c S 80V
S 1.0 75"
— S
~ ’/v/:
— 05 /0
Sl L
Y =
0 1 1 1 1 1 1 1 1 1 1 1
0 40 80 120

Fig. 2.1p-Vps plots of

Dy@G, thin-fllm FET at 290 K.



