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Endohedral metallofullerenes, Ca@Cgy and Sr@Cg,
prepared by the arc-heating of the graphite rods containing CaO
and SrO, respectively, have been extracted with aniline under the
air atmosphere. The laser desorption time-of-flight (LD-TOF)
mass spectra for the extracted solutions exhibit intense peaks due
to M@Cgyt (M: Caand Sr) and Cggt with weak peaks due to the
other hallow fullerenes and metallofullerenes.

Since the extraction of La@Cg, by Chai et al. in 1991,! the
endohedral metallofullerenes have been extensively studied by
many investigators.23 However, most of studies on the
endohedral metallofullerenes have been focussed on M@C,,
M@Cg, and M@Cg, (M: metal atoms)23 except for a few
studies on M@Cg,. 48 The slow progress in studies of M@Cgy
can be attributed to the difficulty of extraction. Although the
preparations of La@Cgg,1 Y@Cgg,* U@Cg5 Ca@Cgp,57
Gd@C60,8 EU@C60,8 Sm@C60,8 Yb@C60,8 ST@C60,8’9 and
Lu@Cg,8 have been reported, only Ca@Cg, has successfully
been extracted among these.5:7 Recently, we reported the
extraction of Ca@Cg with pyridine.” However, the extraction
was performed under the oxygen-free condition. In the present
letter, we report the extraction of Ca@Cgy and Sr@Cg with
aniline under the air atmosphere.

The soots containing Ca@Cg and Sr@Cg were prepared by
the arc-heating of the CaO/graphite and SrO/graphite rods,
respectively, (Toyo Tanso; CaO and SrO concentrations: 0.3 mol
%) at 25 V-and 80 A under 100-200 Torr (1 Torr = 133.322 Pa)
He atmosphere. The extractions of Ca@Cgg and Sr@Cg were
tried for four extraction-solvents of aniline, benzene, toluene
(Wako Pure Chemicals; GR) and CS, (Ishidzu Seiyaku; GR)
under the air atmosphere; the soots were dissolved in the solvents
with a supersonic washing machine for 3 h at low temperatures
from O to 5 °C, and the solutions were passed through 0.1 um
membrane filter (Toso: H-13-5). Mass spectra were measured by
a laser desorption time-of-flight (LD-TOF) mass spectrometer
(Finnigan: Vision 2000); laser desorption and ionization were
done at 337 nm.

The LD-TOF mass spectrum for the soot obtained by the arc-
heating of CaO/graphite rod is the same as that reported
previously.” Figure 1(a) shows the LD-TOF mass spectrum for
the soot obtained by the arc-heating of SrO/graphite rod. The
peaks in the mass spectrum can be assigned to Cgg*, Sr@Cegqt,
Co%, C74_+, SI'@C70+ and Sr@C74+. In the LD-TOF mass
spectrum, the peak due to Sr@Cgyt is the most intense in
comparison with the other peaks. Consequently, ST@Cg, has
been prepared effectively by the arc-heating of the SrO/graphite

rod. .
Figure 1(b) shows the LD-TOF mass spectrum for the

solution extracted from the soot containing Ca-endohedral
fullerenes with aniline. The main five peaks due to Cgqgt*,
Ca@Cqgt, Cyp*, Cyyqt and Cig* have been observed. The
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Figure 1. LD-TOF mass spectra for (a) the soot obtained by

the arc-heating of SrO/graphite rod, (b) the aniline-extracted
solution from the soot containing Ca-endohedral fullerenes, and
(c) the aniline-extracted solution from the soot containing Sr-
endohedral fullerenes.
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spectrum is similar to that for the solution extracted with
pyridine.” No peaks due to Ca-endohedral metallofullerenes have
been observed in the LD-TOF mass spectra for the solutions
extracted with the other solvents.

Figure 1(c) shows the LD-TOF mass spectrum for the
solution extracted from the soot containing Sr-endohedral
fullerenes with aniline. Two intense peaks due to Cgy* and
Sr@Cg*, and four weak peaks due to Cyyt, Cy*, Sr@Cqp*
and Sr@C-4* have been observed in this spectrum. The relative
intensity of the peaks due to Cgy* to that due to Sr@Cgyt
increases in the LD-TOF mass spectrum for the extracted solution
in comparison with that for the soot. The results indicate that the
solubility of Cg is very high also in aniline. However, the peak
due to Sr@Cgy* has still been observed with the same intensity
as that due to Cgy*. No peaks due to Sr-endohedral
metallofullerenes have been observed in the LD-TOF mass
spectra for the solutions extracted with the other solvents as in the
case of Ca@Cg. Consequently, we have concluded that aniline
is an effective extraction-solvent for Ca@Cg and Sr@Cg. The
present results will make a contribution to confirm the structure
of M@Cgy, including whether the metal atoms are incorporated
into the cages.

The authors would like to thank Prof. Masanobu Kimura and
Dr. Takashi Tamura of Okayama University for their kind
assistances of the LD-TOF mass measurements and Mr.
Toshiyuki Hayashibara of Okayama University for helpful
assistance in preparation of Ca@Cg. The LD-TOF mass spectra
were measure at the MALDI-TOF MS Laboratory of Okayama
University. This work has been supported by the Grant-in-Aid

Chemistry Letters 1996

(07213222) from the Ministry of Education, Science, Sports and
Culture.

References and Notes )

1 Y. Chai, T. Guo, C. Jin, R. E. Haufler, L. P. F. Chibante
J. Fure, L. Wang, J. M. Alford, and R. E. Smalley, J.
Phys. Chem., 95, 7564 (1991).

2 D. S. Bethune, R. D. Johnson, J. R. Salem, M. S. de Vries
and C. S. Yannoni, Nature, 366, 123 (1993).

3 H. Shinohara, in "Cgq Fullerene no Kagaku," Kagakudojin,
Kyoto (1993), p. 136.

4 J. H. Weaver, Y. Chai, G. H. Kroll, C. Jin, T. R. Ohno,
R. E. Haufler, T. Guo, J. M. Alford, J. Conceicao, L. P. F.
Chibante, A. Jain, G. Palmer, and R. E. Smalley, Chem.
Phys. Lett., 190, 460 (1992).

5 T. Guo, M. D, Diener, Y. Chai, M. J. Alford, R. E.
Haufler, S. M. McClure, T. Ohno, J. H. Weaver, G. E.
Scuseria, and R. E. Smalley, Science, 257, 1661 (1992).

6 L. S. Wang, J. M. Alford, Y. Chai, M. Diener, J. Zhang,
S. M. McClure, T. Guo, G. E. Scuseria, and R. E.
Smalley, Chem. Phys. Lett., 207, 354 (1993).

7 Y. Kubozono, T. Ohta, T. Hayashibara, H. Maeda, H.
Ishida, S. Kashino, K. Oshima, H. Yamazaki, S. Ukita,
and T. Sogabe, Chem. Lett., 1995, 457.

8 L. Moro, R. S. Ruoff, C. H. Becker, D. C. Lorents, and R.
Malhotra, J. Phys. Chem., 97, 6801 (1993).

9 H. R. Rose, I. G. Dance, K. J. Fisher, D. R. Smith, G. D.
Willett, and M. A. Wilson, J. Chem. Soc. Chem.
Commun., 1993, 1361.



