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Cs: Buckminsterfullerene
H. W. l(roto', J. R. Heath, S. C. O’Brien, R. F. Curl
& R. E. Smalley

Rice Quantum Institute and Depariments of Chemistry and Electrical
Engineering, Rice University, Houston, Texas 77251, USA

During aimed at the i by
which long-chain carbon are formed in space
nnd clrunnsxelllr shells graphite has been vaporized by laser
stable cluster consisting of
60 carbon atoms Conceming the question of what kind of 60-
carbon atom structure might give rise to a superstable species, we
suggest a truncated icosahedron, a polygon with 60 vertices and
32 faces, 12 of which are pentagonal and 20 hexagonal. This object
is commonly encountered as the football shown in Fig. 1. The Cq
molecule which results when a carbon atom is placed at each vertex
of this structure has all valences satisfied by two single bonds and
one double bond, has many resonance structures, and appears to
be aromatic.

The technique used to produce and detect this unusual
molecule involves the vaporization of carbon species from the
surface of a solid disk of graphite into a high-density helium
flow, using a focused pulsed laser. The vaporization laser was
the second harmonic of Q-switched Nd:YAG producing pulse
energies of ~ 30 m.l The resulting carbon clustcrs were expanded
ina lar beam, p ionized using an excimer
laser, and detected by time-of-flight mass spectrometry. The
vaporization chamber is shown in Fig. 2. In the experiment the
pulsed valve was opened first and then the vaporization laser
was fired after a precisely controlied delay. Carbon species were

Fig.1 A football (in the
United States, a soccerball}
on Texas grass. The Ce
molecule featured in this
letter is suggested to have
the truncated icosahedral
structure  formed by
replacing each vertex on the
seams of such a ball by a
carbon atom.

graphite fused six-membered ring structure. We believe that the
distribution in Fig. 3¢ is fairly representative of the nascent
distribution of larger ring fragments. When these hot ring clusters
are left in contact with high-density helium, the clusters equili-
brate by two- and three-body collisions towards the most stable
species, which appears to be a unique cluster containing 60
atoms.

When one thinks in terms of the many fused-ring isomers
with unsatisfied valences at the edges that would naturally arise
from a graphite fragmentation, this result seems impossible:
there is not much to choose between such isomers in terms of
stability. If one tries to shift to a tetrahedral diamond structure,
the entire surface of the cluster will be covered with unsatisfied
valences. Thus a search was made for some other plausible
structure which would satisfy all sp® valences. Only a spheroidal
structure appears likely to satisfy this criterion, and thus Buck-
minster Fuller's studies were consulted (see, for examplc ref.
7). An unusual]y beaunful (and probab]y unique) choncc is the
truncated i on depicted in Fig. 1. As d above,
all valences are satisfied with this structure, and the molecule
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