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Electron-phonon coupling may be responsible for superconductivity in alkali metal interstitial alloys
based on ‘‘buckyball”, or buckminsterfullerene Cg,, the almost spherical carbon molecule, the third
known form of crystalline carbon found recently in macroscopic quantities in graphite soot.

Perfect geometrical shapes with high
symmetries have always been found fasci-
nating. The synthesis in 1990 of crystals
containing cabon-60, a molecule with
icosahedral symmetry where all the 60
carbon atoms are equivalent, generated
excitement in the physics, chemistry and
materials science communities. The study
of these crystals has yielded surprising
discoveries including a new family of su-
perconductors with high critical tempera-
tures T, notably T, = 31.3 K for Rb,2-
CsCgqq. We shall review briefly the electro-
nic properties of C, and its compounds.

The truncated icosahedron shape for
Cyo was first postulated by R. Smalley's
group in 1985. They observed that carbon
clusters with 60 atoms were uniquely
stable and abundant in molecular beams
generated with a laser vaporization
source. Searching for an explanation for
this unusual stability, they found the
60-atom structure shown in Fig. 1. This
structure is unique in its high symmetry
and satisfies the basic rules of carbon che-
mistry. The twelve pentagons and twenty
hexagons of the truncated icosahedron
are familiar to most of us as the shape of
a football. This isomer of C, was named
“buckminsterfullerene’” after the archi-
tect Buckminster Fuller who designed
geodesic domes with icosahedral sym-
metry. Owing to its almost spherical
shape, the molecule is familiarly called a
“buckyball”’.

Subsequent molecular beam experi-
ments have confirmed the cage structure,
but the icosahedral symmetry of Cg,
was only established after Kratschmer,
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Huffman, and co-workers produced ma-
croscopic quantities using an electric arc
discharge between two graphite rods.
With solid C, (““fullerite”’) available, the
nuclear magnetic resonance (NMR), infra-
red, Raman, X-ray diffraction, and photo-
electron spectra were soon measured,
and all showed characteristics of the high-
ly symmetric shape of a truncated icosa-
hedron. For example, the NMR signal con-
tains a single line, demonstrating that all
60 atoms occupy equivalent sites in the
molecule.

Crystalline Carbon

Carbon’s ability to form covalent bonds
from atomic configurations with different
degrees of s-p hybridization is responsible
for the enormous variety of organic and
biological molecules. Yet, pure carbon was
thought to occur in only two crystalline
forms: graphite and diamond. Graphite,
which has sp? hybridization, is a layered
compound (Fig. 1): each graphite layer has
a hexagonal honeycomb structure with
short, strong bonds between carbon
atoms. The interlayer distance is large and
the interaction between the layers is
weak. Diamond (and its hexagonal variety
lonsdaleite) has sp® hybridization and
forms a tetrahedral network of strong
bonds (Fig. 1).

Cgo-fullerite is a new, third form of crys-
talline carbon. The C;, molecule resem-
bles a graphite layer wrapped around a
sphere with twelve pentagonal ‘‘defects’”.
These are required by geometrical con-
straints to close a hexagonal graphitic net-
work onto itself. The bond lengths in C,

are 1.40 A and 1.46 A, and the separation
between ‘‘balls’”” is 3 A. These values are
close to the 1.42 A intralayer bond length
and 3.35 A interlayer separation in gra-
phite. The curvature of the bonding net-
work mixes some sp® character to the
mostly sp? atomic hybridization in the C,
molecule. Three of the four valence elec-
trons of each carbon atom are shared in
the 90 ¢ bonds that are along the edges of
the truncated icosahedron. The remaining
valence electron is in the & orbitals. These
are formed from radially oriented atomic
orbitals that are mostly p with = 8%
mixing of s character. The n bonds are
delocalized (aromatic), although they are
somewhat stronger in the hexagon-shared
edges of the truncated icosahedron.

The Cg4, molecule has a quasi-spherical
shape with a cage diameter of 7 A. Its
“*surface’”” should be “slippery’” and un-
reactive like graphitic sheets. Solid C,
has a cubic dense packing of molecules,
with a 10 A separation between molecular
centres. The orientation of the molecules
in the crystalline phase is one of the inte-
resting aspects of C,, because the weak
interaction between molecules means
that very small energy barriers exist bet-
ween a large number of symmetrically
equivalent orientations. Thermal analysis
shows two phase transitions at = 220 K
and = 250K. The high temperature phase
has a face-centered cubic (fcc) lattice and
is orientationally disordered. The low tem-
perature phase has a simple cubic lattice
and is an orientationally ordered super-
structure of the high temperature phase.
“Jumps’’ between molecular orientations

Fig.1 — Basic structures of carbon crystals: from the left, the tetrahedral network of
diamond, the hexagonal layers of graphite, and the buckyballs of fullerite.
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