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Thermal study of a Cg, derivative containing a siloxane
structure revealed that it was unstable above 350 °C. A major
decomposition pathway was formation of Cg, and (Me3Si),O
presumably via homolysis of bonds between the a-carbon of the
silyl group and the cage carbon. By careful control of the crucible
temperature below 350 “C, amorphous vapor-deposited thin films
on NaCl or mica were successfully prepared.

High chemical reactivity of fullerenes has resulted in their
organic or organometallic derivatization, producing a number of
new compounds bearing a variety of functional groups on the car-
bon cage.!> One promising approach to discover new physical
properties of the fullerene derivatives is synthesis of vapor-depos-
ited thin-films, since it is well known that successful preparation
of vapor-deposited thin films of C, on a variety of substrates has
made it possible to measure various such properties; this includes
the famous discovery of superconductivity in alkali-metal doped
Ceo f ilms.3# Little exploration has been done, however, on prepa-
ration of the films of fullerene derivatives by vapor-deposition,
presumably because the derivatives of C, are generally unstable
at crucible temperatures used to vaporize Cg, in vacuum. In our
studies to synthesize derivatives of Cg, containing
organosilylmethyl groups,> we were aware that many of them de-
composed around 200 °C, but the compound having a cyclic si-
loxane structure, Cg,(CH,SiMe,),0(1) illustrated in Figure 1 did
not have a critical melting or decomposition point below 300 °C.
This prompted us to make a thermal study of 1, which may lead to
successful preparation of its vapor deposited films.

We first carried out thermogravimetry (TG) analysis of the
solid sample of 1 in flowing argon. There were two stages of
weight loss: 1.1 wt% was lost in the temperature region of 112 to
337°Cand 12.0 wt% of weight loss was observed at 350 *C~550
°C (Figure 2). This first (1.1%) was presumably due to tena-
ciously held water; 1H NMR and HPLC analysis of the samples
of 1 heated in a TG cell up to 250 °C, which brought about 1%
weight loss, revealed no substantial change of the spectrum or the
chromatogram.

The second weight loss of 1 reflected chemical reactions.
After TG analysis of 1 (8.56 mg) in the temperature range includ-
ing the second weight loss (~550 °C; 12~13 wt%), 7.45 mg of the
compounds was recovered. A major part of this recovered sample
was soluble in toluene and CS, (6.4 mg in total, 8 wi% of the
recovered sample); IR and HPLC analysis of this soluble com-
pound showed that the product was exclusively Cg,. The re-
sidual part of the recovered sample was insoluble in any organic
solvent; carbon and hydrogen contents observed by elemental
analysis were similar to those of 1, and its FT-IR spectrum
showed a broad absorption around 1035 cm™! assignable to a Si-
O-Si stretching vibration. This suggests that the side reaction
may be formation of siloxane polymers containing C, as the par-
tial structure.

1001 - - _—____-_—_______________' 1 %
3
|12 c)s10K
TG (%) 57 )(337"0) 12%

904
"

85 T T T

300 500 700 200 1100

Temp. (K)
Figure 2. TG curve of 1. [5 °C/min in flowing argon (150ml/
min)] .

The reaction produces a volatile organosilicon compound,
structure of which was determined by the following experiments:
thermolysis of 1 (69.7 mg) was carried out at 500 °C under re-
duced pressure (0.1 mmHg). A volatile compound (8.2 mg, 12
wit% of the charged 1) was condensed in a cold trap. Spectro-
scopic data (1H, 13C, and 2°Si NMR) of the product are coinci-
dent with those of (Me3Si),O. From the non-volatile residue
(56.4 mg), Cg(, (48.0 mg) and the insoluble materials (the silox-
ane polymer described above; 7.3 mg) were also obtained.

These results indicate that the overall chemical equation in
thermolysis of 1 can be drawn as shown in Scheme 1. Cg, is
known to be regenerated from its Diels-Alder adducts by cleavage
of carbon-carbon bonds.® However, the simple dialkyl adducts of
Cgo- Of which decomposition through the retro Diels-Alder path-
way is difficult or not allowed, are thermally stable.”-8 One pos-
sible scheme to generate Cg, from 1 is homolytic cleavage of
bonds between the Cg, cage and the organosilicon moiety in 1
involving radical species B as an intermediate. The formed radi-
cals afford Cgy and (Me3Si),0. Species B may be formed
through A from 1.

The above results indicate that if the vaporization takes
place below 337 °C, the vapor-deposition method is useful for
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Scheme 1. Thermal decomposition of 1.

preparation of thin-films of 1. Vacuum deposition of thin films
of 1 on NaCl or mica as the substrate was done at the crucible
temperature of 350 °C in vacuum (6 X 106 Torr). Although films
of Cg, could not be synthesized under the same conditions, those
of 1 were available as golden thin-films (40 nm thick) at two
substrate temperatures (Ts; 160 and 200 °C). A typical TEM im-
age of the films together with the corresponding electron diffrac-
tion patterns (inset) is shown in Figure 3 (on NaCl). Flat and con-
tinuous films were obtained on both substrates at both substrate
temperatures. Diffraction patterns from these films show only
halos, indicating that the films consist of minute grains or have a
highly disordered structure. FT IR and UV spectra of the film on
the NaCl were analogous to 1. The purity of the films were finally
determined by dissolving them in toluene and CS,. HPLC analy-
sis of the obtained solutions revealed that the films contained 1
almost exclusively, and only a tiny peak of C¢, was visible.

As indicated from the TG analysis, preparation of the thin
films at higher crucible temperatures resulted in the thermal de-
composition of 1 to form films consisting of Cgyand 1. At cru-
cible temperatures (380~660 °C) which are usually used to make
vapor deposited films of Cg, polycrystalline films were obtained
both on NaCl and mica (Ts = 160 and 200 °C). The films were
discontinuous and made up of small particles; particle size in
those prepared with Ts = 160 °C (ca. 100 nm) was smaller than
that with Ts = 200 °C (300~400 nm). The diffraction patterns
from these films were composed of spotty rings, and the Debye-
Scherrer rings can be indexed by the fcc (face-centered cubic)
lattice with a lattice parameter a = 1.44 + 0.02 nm. Absence of
reflections, (200), (400), and so on, was similar to that seen in the
diffraction pattern of C¢). EDX spectra obviously showed the
presence of silicon, and IR spectra of the films on NaCl were
analogous to those of 1. However, their HPL.C analysis revealed
that 1 was only a minor component (~ 40%), and the major prod-
uct (~60%) was Cg,. Since the lattice parameter is slightly larger
than that for pure Cg, (a = 1.417 nm), the polycrystalline struc-
ture in the films would be derived from a mixture of crystals of
Cgp and compound 1. The organosilicon moiety would be
located at the interstitial sites of the fcc lattice.

In summary, the siloxane 1 was thermally stable below ap-
proximately 350 °C, and fission of carbon-carbon bonds between
the a-carbons of the silyl group and the cage carbons took place
above this temperature to form Cg, and hexamethyldisiloxane as
the major reaction. The thermal study led to the successful prepa-
ration of vapor-deposited thin films of organofullerenes by con-
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Figure 3. TEM image and diffraction pattern (inset) of 1 on NaCl
at Ts=160 °C.

trolling the crucible temperatures below 350 °C. Further studies
on physical properties of the thin films are in progress.
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