evar imagined that
carbon can  form  supermolecules
which can vapourize! The detection of
clusters of carbon atoms in soot, num-
bering a5 many as 60, 70 and 540, have
creatad an excitement in the scientific
world, comparable only to that of high
temperature superconductars in early
1887. These clusters consisting of only
an evan number of carbon atoms are
arrenged in closed cages; structurally
very different from the other twao
forma of carbon we are familiar with,
namaly, graphite and diamond (Figs 1
and 2). Hence they clearly constitute a
new form (or sllotropel of carbon
hitherta unknown.,

The story of this new species of
carbon starts with the detection of
long-chain molecules of carbon in the
interstellar region, a fow years ago.
Haruld Kroto of the University of
Sussex in England and Richard
Smalley of the University of Houston
in USA and their cosworkers, attemp-
ted to generate thesa chain molecules
in the laboratory in the mid-gighties.
Their method consisted of ablating
graphite erystals with high energy

WHAT'S STRONGER THAN STEEL'

C.N.R. RAD
T. PRADEEP

The newly discoverad
third form of carbon
offers exciting
possibilities for carbon
chemistry and material
science

lasers to produce carbon vapour,
which was then analysed with a mass
spéctrograph (Fig.3). To their surprise,
they found peaks in the mass spectra
comesponding to clusters of carbon
atoms, the most abundant baing a clu-

MATERIALS SCIEMNCE

ster containing 60 carbon atoms, as
zaan in Fig.4. The remarkable stability
of this species is attributed to its el-
egant closed structure, a sphercidal
cage formed of 12 pentagons and 20
haxegons resembling the surface of a
faatball (Fig.1). Since geodesic domes
of @ similar shape (shown above hara)
had earlier been designed by the
famous American architect Buckming-
ter Fuller, the Cgy maleculs was named
buckminsterfullerane. Some called it
footballene, but this name has not
caught on. Popularly Cgy iz known as
the bucky-ball. Along with buck-
minsterfullerene, Cgy. the other prom-
inent carbon cluster molecules found
in graphite vapours is Cpy, containing
70 carbon atoms. i has the shape of o
rurgby ball, This entira family of cerbon
molecules iz referred to as fullerenes.
One of the large fullerenes, one can
visualize is, Cgp made up of 540 carbon
atoms.

Preparation of Cop and Cyg

The stability of Cap has been attribu-
ted to its icosahedrael framework. In
spite of its stability, it was not possible
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inary benzene fla

ing with higher transition tempera-
tures (up to 35 K). One of the important
differences between these carbon sup-
erconductors and the high-
temperature cuprate superconductors
is that the latter are two-dimensional
oxides while the Cgy derivatives are
three-dimensional molecular solids.

Flg. & Set-up used by the authors to obtain carbon 60 and carbon 70 from the soot of an ord-

other solid state parameters form the
important aspects of the fullerene re-
search undertaken. Studies with films
of Cgy have shown that nitrogen inter-
acts with Cgo unlike with other forms of
carbon. Transition metals such as
nickel bond strongly to Cy, suggesting
that Cgy may have a role in catalysis.

‘while,

FE
/

teraction of Cqo With grganic molecules
as well as electrgn acceptors such as
iodine and antim%riv chloride is being
examined, in relation to the electronic
and magnetic properties of the
adducts. Detailed ‘theoretical studies
are being carried out to explain the un-
ique properties of Cgg .

Regarding the future of fullerenes, a
variety of problems related to Cgy and
others will occupy the interest of
chemists, physicists, material scient-
ists and others in the next few years. In
addition to high-temperature super-
conductivity, the possibility of making
molecular magnets, molecular traps,
and molecular bearings would be of

interest to material scientists. Use of |

Ceo as a veritable storehouse of or-
ganic reagents throws up immense
possibilities in synthetic organic
chemistry. Use of Cgq in catalysis and
organometallic chemistry is equally
exciting. Its use as part of polymeric
structures is yet to be explored. Mean-
synthesis of higher order

m

&

090 co

Temperature(K)

The other organic molecular super-
conductors show  superconductivity
below 10 K unlike Cg cofpounds.

Work at Bangalore

At the Indian Institute of Science,
Bangalore, Cg, and C;; have been gen-
erated in guantities by employing a
novel generator fabricated locally
({Fig.5). Spectroscopic studies, func-
tionalization of Cgy and Cj, super-
conductivity and determination * of

Fig.7 X-ray crystal structure of superconducting KsCso. Only one
face of the face-centred cubic structure is shown

perature. At 18K, the

Fig.8 The magnetic susceptibility of K;Cs, as a function of tem-

1

4 L g

to the superconducting transition

High-pressure studies have shown
evidence for metallization of Cyo under
préssure. This has relevance 1o the
superconducting properties of the
alkali-doped fullerens.

A new compound of Cg, containing
iron in the spheroidal cage has been
prepared. Nitrogen and ammonia
react with Cg to give yellow nitroge-
nous compounds. Reactions of Cg
with reagents such as diborane and
diazomethane are being examined. In-

clusters such as Cgy, is attracting some
attention. There is also the interesting
possibility of placing a C¢s molecule in-
side the cavity of Csag.

Theoreticians are yet to explain the
many amazing properties of ful-
lerenes. Though potential applications
are many, it is difficult to predict which
will become feasible. Applications
aside, the science of fullerenes prom-
ises to be exciting for some time to
come.
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