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In analogy to Cg and C,y, all even-numbered clusters Cygys,
(n 2 1) are believed to correspond to polyhedral, spheroidal carbon
cages.!02021 The fullerene hexagon + pentagon structures are
especially suitable for large Cyg,.5, Clusters because they have the
minimal 12 pentagons needed for geometric closure but retain
most of the graphite stabilization energy because of their hexagonal
rings.2® Very recent theoretical studies?22? on the stability of
fullerenes indicate that at least one fullerene-type (12 pentagons
and n ~ 1 hexagons cage) structure exists for all even C,, (2n 2
20). The present observation of even-numbered large carbon
molecules strongly suggests the presence of a series of such
fullerenes in laboratory-produced carbon soot. It should be noted
in passing that one of the predicted large-sized magic number
fullerenes C49™!° does not show particularly enhanced intensity
in the present FAB-MS observation.

As described already, large carbon molecules (possibly full-
erenes) as large as Cyy are detected in the current FAB-MS
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detection of quinoline extracts of carbon soot. However, because
of the limited sensitivity of the FAB mass spectrometer for the
large carbon molecules having large m/z values, the fullerenes
larger than Csy are not detected even if they might actually be
present in the quinoline extracts or in carbon soot per se. We are
currently trying to observe such giant fullerenes (>Cjq).

Conclusion

Large carbon molecules, possibly fullerenes, are observed by
fast atom bombardment mass spectrometry of quinoline extracts
from carbon soot produced by the contact arc method. The mass
spectra reveal the presence of a remarkably wide distribution of
a series of large even-numbered fullerenes Cqo45, (n 2 1) up to
around C,y. No distinct peaks are observed in the corresponding
mass region. Giant fullerenes (>Cso) might also be present in
the present quinoline extracts.
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Results are reported for high-energy beam experiments with Cg** and Cey®* conducted with a four-sector mass spectrometer.
Collision-induced dissociation spectra were recorded with helium as the collision gas at kinetic energies of 6, 8, 10, and 16
keV for Ceo?* and 9 keV for Cg**. The spectra show the loss of C,, fragments and reveal accompanying signals corresponding
to the retention of He. Their interpretation indicates that a helium atom has been incorporated into the multiply charged
Cg cations in the course of the collisions and so provides additional evidence for the formation of endohedral fullerene compounds.

The strongly exponential growth?? in knowledge of the prop-
erties and behavior of the fascinating fullerene molecules® is
providing increasing evidence for the possibility of generating
endohedral fullerene compounds and so is giving birth to a new
field of endohedral chemistry.* For example, metal-containing
cluster ions of the type CeeM* (with M = La, Ni, Na, K, Rb,
and Cs) have been observed in the mass spectra produced in laser
vaporization experiments on graphite doped with metal salts.>$
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However, opinions differ on the location of the metal atom:
Smalley et al.’ indicate that these experimental results point to
the formation of a spherical Cg, cluster with the metal atom inside;
on the other hand, Cox et al.b are of the opinion that CgLa, for
example, is an empty Cg, cluster which has “custody” of the metal
on its outside surface, and Freiser et al.” recently presented ev-
idence for the formation of exohedral CeoM* complexes (M =
Fe, Co, Ni, Cu, Rh, La, and VO). In our laboratory®> we recently
were able to demonstrate that the noble gases He and Ne can be
injected into Cg"* and C,** at a laboratory energy of 8 keV and
so provided the first evidence for the formation of endohedral
carbon cluster compounds by high-energy bimolecular reactions.®*
This work was later confirmed and extended by related studies
in the laboratories of Ross et al.”* and Gross et al.?®

The success with the experiments revealing the injection of He
into Cg** prompted us to extend the investigations to more highly
charged cations, Cgy™ (1 = 2, 3), with the suspicion that the inert
nature of this noble gas would facilitate the inclusion of an atom
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Figure 1. CA mass spectrum for (a) Cg?* and D, and (b) Cg?* and “He
at a laboratory kinetic energy of 6 keV. (Primary ions were accelerated
through a potential of 3 kV.)

in the multiply charged fullerene as well. In earlier experiments
no evidence for the retention of collision gases was reported.?

Both Cg?* and Cei** were readily generated by electron impact
ionization (100 eV) of the vapor of Cy (the temperature of the
solid probe tip was 550 °C) at a low pressure of 107 mbar and
a source-block temperature of 270 °C. The Cg,™ (n = 1, 2) ions
were accelerated up to 8 keV, mass-selected by means of the
magnetic and electric sectors of our BEBE four-sector machine,'!
and then reacted in the region between E(1) and B(2). Product
ions were searched with a combined momentum and energy
analysis (“linked scan”) of B(2)/E(2) = constant.'?

The injection of helium into Cg2* was investigated at kinetic
energies of 6, 8, 10, and 16 keV. The results obtained at 6 keV
are shown in Figure 1 where they are compared with results
obtained with D, with which there was no evidence for retention
at the sensitivity of the experiments. However, helium retention
was observed at all four kinetic energies, decreasing in efficiency
with increasing energy. Although the ratio of C,He?*/C2*
fragment ion intensities (46 < x < 60) depends on the B(2)/E(2)
= constant law scan, the kinetic energy effect is obvious as in-
dicated by the following data: 6 keV (30%), 8 keV (34%), 10
keV (14%), and 16 keV (<1%). The accompanying fragmentation
which occurs by loss of even-numbered carbon units is in agree-
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Figure 2. CA spectrum for (a) Cg** and D, and (b) Cg** and “He at
a laboratory kinetic energy of 9 keV. (Primary ions were accelerated
through a potential of 3 kV.)

ment with results obtained in collision-induced dissociation ex-
periments conducted elsewhere!®¢ in which O, was used as the
collision gas. In our experiments up to 16 carbons were lost from
Cgo?t at 6 keV and 20 carbon atoms at 16 keV.

The retention of helium by Cg** was monitored at a kinetic
energy of 9 keV.!3 The experiments were more difficult due to
the lower signal intensities, but Figure 2 clearly shows the frag-
mentation with loss of 16 carbon atoms in even-numbered carbon
units which has previously been reported.'®¢ The detailed
mechanism of carbon loss in the collision-induced dissociation
experiments with both Cg?* and Cg** is unknown. For example,
carbon may be lost as intact C,, units or by sequential elimination
of C, units.!* In any event, because of its inertness, He is expected
to be retained only if it has been physically trapped inside the
cage. Therefore, while earlier experiments'® did not provide
evidence for the retention of the collision gas, the present study
for the first time demonstrates the incorporation of a helium atom
in multiply charged fullerenes.!’
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