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“Helical micro-tubules of graphitic carbon”,  lijima, Nature 1991
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C.,: Buckminsterfullerene

H. W. Kroto', J. R. Heath, S. C. O'Brien, R. F. Curl
& R. E. Smalley

Rice Cuantem Institute and Departments of Chemistry and Electrical
Engineering, Rice University, Houston, Texas 7251, USA

Drering experiments aimed at understanding the mechanisms by
which lomg-chain carbon molecules are formed in interstellar space
and circomstellar shells’, graphite has been vaporized by laser
irradiation, producing a remarkably stable cluster consisting of
&0 carbon atoms. Concerning the question of what kind of &0-
carbon atom structare might give rise 1o a supersiable species, we
sugpest a truncated icosahedron, a polygon with &0 vertices amd
31 faces, 12 of which are pentagonal and 20 hexagonal. This object
is commonly encouniersd as ibe football shown in Fig, 1. The C.s
milecule which resalis when a carbon atom is placed ai exch veriex
of this streclure has all valences satisfied by two single bonds and
one domble bond, has many resonance structures, and appears fo
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
How, using a focused pulsed laser. The vaporization laser was
the second harmonic of Q-switched Nd:YAG producing pulse
energies of 30 m). The resulting carbon clusters were expanded
ifi @ supersonic molecular beam, phoioionized vsing an excimer
laser, and detecied 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 alter a precisely controlled delay. Carbon species were
vaporized into the helium stream, cooled and partially equili-
brated in the expansion, and travelled in the resulting molecular
beam to the ionization region. The clusters were ionized by
direct one-photon excitation with a carefully synchronized
ERCIMET Ia::a:r pulse. The apparaius has been (ully deseribed

Fig. 1 A looiball {in ke
Ulmiied S1ates, a soccerball)
on Texzs grass. The C,
molecule featured B this
letter i suggesicd io have
the truncated icosahedrsl
simaciung formed by
replacing each vertox on Lhe
scams of such a ball by a
carbon alom,

graphite fused six-moembered ring structure, We believe that the
distnbution in Fig. 3¢ is fairly representative of the nascent
distribution of larger ring fragments. When these hot ring clusters
are lefl 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 lragmentation, this resull scems impossible:
there i not much (o choose between such izomers in terms of
stability. If one tries to shift to a tetrahedral diamond structure,
the entire surface of the cluster will be covered with unsatishied
valences. Thus a search was made for some other plausible
structure which would satisfy all £p* valences. Only a spheroidal
struclure appears likely to satisly this eriterion, and thus Buck-
minster Fuller’s studies were consulted (see, for example, ref.
7). An unusually beawtiful (and probably unique) choice is the
truncaled icosahedron depicted in Fig. 1. As mentioned above,
all valences are satisfied with this structure, and the molecule
appears o be aromatic. The structure has the symmetry of the
icosahedral group. The inner and outer surfaces are covered
with a ea of » elecirons. The diameter of this Cy molecule is
~7 A, providing an inner cavity which appears io be capable
of holding a variety of atoms®,
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« Her photographs are among the most beautiful X-ray photographs of any substance ever taken. »
J.D. Bernal
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Theinstant | saw the picture, my mouth fell open and my pulse began to race
J. Watson, from « The Double Helix »
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Chaunhong Jin, et al., PRL 2008
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