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C,,: Buckminsterfullerene

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

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

During experiments aimed at understanding the mc:h-nlm hy
which long-chain carbon Tormed ini

and circumstellar shells', graphite has been vaporized by Innr
irradiation, producing a remarkably stable cluster consisting of
60 carbon atoms. Concerning 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 Cop
molecule which results when a carbon atom is placed at each vertex
of this stracture has all valences satisfied by two single bonds and
one double bond, has many resonance structures, and appears to
be aromatic.
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Fig. 1 A football (in the
United States, 2 soccerball)
on Teus grass. The Cyo
malecule featured in this
letter Is suggested o 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
ribution in Fig. 3¢ is faitly representative of the nascent
ribution of larger ring fragments. When these hot ring clusters
are left in contact with high-density helium, the clusiers equili-
braie by two- and three-body collisions towards the most stable
species, which appears 10 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
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Superconductivity at 18K in
potassium-doped Cq,

A, F. Hebard, M, J. Rosseinsky, R. C. Haddon,
D. W. Murphy, 5. H, Glarum, T. T. M. Palstra,
A. P. Ramirex & A, R. Kortan

ATAT Bell Labaratories, Murray Hill, New Jersey 07974.2070, USA

= m K,Cq K

] -'/—_-— -
'
-8 A
: m Cs,RbCq, K
£s :
o i
2 j "
. -l T,
a 5 10 15 20 2%
T Ky
of the ele | y of 8 960-A- thick

FIG. 2 Tempe
1im of K,Con-

NATURE - VOL 350 - 18 APRIL 1991

" S
TDAE-C60

T
b COMTDAE) " j
5 0.002 4IDA H.
3 vemf ‘
! 0 lT
)
.
:
£ -00m
0.002 -
. g ®
ﬂownonﬂnnapﬂ‘ﬂdﬂoﬂ" =
<0004
- = : 76 T
Magnetic field / G
0.0018
CONTDAE)
i 0.0012 oTDs
3 0.0006
! L]
§-ulog .
0012 X
"Jll! ol 10 [] 10 1
Magnetic fisld / G

Fig. 1. lsothermal remanent magnetization M{H) for field ranges
of (a) 500 G and (b) 20 G at T=5 K. There is hysteresis witha
remanent magnetization per sample, M,, of 03226 10~* emu
and coercive field, H,, of 1.6 G.
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Fig. 1. Change of the conductivity of a Cy, (hilled circles ) and a
Cy film (open circles ) upon the Rb-doping. The Rb content (x)
on the abscissa was calculated on an assumption that the Rb ai-
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Fig. 2. Photoemission spectra in the vicinity of the Fermi level of
Rb,Cyp measured at fiw=20 V. The Rb content increases from
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specira correspond 1o those in the conductivity curve in fig. 1.
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Fig. 1 Photoemission spectra of K«Coo measured
with energy resolution of 36 meV at 40 K, except
for that of x=0.0 which waas recorded at room
temperature.
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Tm@Cs, (1),(11), (111)
symmetry : C,, C,, C,,
Ca@C82 (1), (IV)
symmetry : C,, not specified

photoelectron counts
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Multiple atoms in Cg,

mY,C,@C; ( ), Y,@Cg,(1N),
m (LUC),@Cg,, Ti,C,@Cy,

m Reference : Sc,C,@Cg, (Sc,@Cyg,)
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NMR
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Summary of M,@C,,

1Cage (c-electron region)
O
(upper valence n-band region)

m UPS
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multiple atoms in C-g4 cage

m Restricted to
(TiIC),@C,4 (used to be Ti,@Cyg),
La,@C4
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,@C.; was thought to be Ti,@Cg,.
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La,@C,4 was also synthesized IPR Satisfying C78 cages
I a o c"i'—"‘ ” i ﬁ:z ::_s..a" ‘:.:..&.:
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La, and (TiC),
D,, cage LDA-DFT
(Tic),@C,, D3h (5) cage UPS
La,@C,,
T|(5) ]
Binding Energy / eV
La(4)

The UPS are quite different!  Indication of different cagee’g ) o




Summary of MN@C-

4 cage

m Cage
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Ti,C,@Crg La,@Cyq
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" gummaNyT
(as for the effect of entrapped atoms to the
electronic structure of the cage)

m Mono metal atom encapsulated fullerenes
Cage dominate the electronic structure
Entrapped species have few influence
weak interaction between the cage and entrapped
atom

m Multiple atoms encapsulated fullerenes

Fullerenes with metals of the same oxidation state
and the same cage give analogous electronic
structure

Upper n-valence band depends on different oxidation
states of entrapped species

Strong interaction is expected thanks to narrow inner
space of fullerenes
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