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NEWS AND VIEWS 
CARBON ALLOTROPES-----------------------------------------------------------

Carbon onions introduce new 
flavour to fullerene studies 
H. W. Kroto 

THE notion that graphite, composed of 
flat sheets of carbon hexagons, is the 
most stable form of carbon is called 
into question on page 707 of this issue1. 

D. Ugarte has found that soot, when 
annealed by intense electron irradiation, 
naturally transforms itself into giant 
nested shells of carbon, possibly the 
onion-like relatives of fullerene. 

Through synthesizing large quantities 
of C60 fullerene, Kratschmer et a!. 2 , in 
1990, finally confirmed that this all
carbon molecule is indeed a spheroidal 
shell. Our proposal3

, in 1985, that the 
stable C60 cluster detected during laser 
ablation of graphite has this form was 
initially greeted, by some, with natural 
scepticism. After all, carbon, it was 
generally held, invariably forms flat 
sheets of atoms in hexagonal arrays, 
stacked as graphite - deemed the most 
stable form of the element. If, however, 
the C60 species, which had been created 
spontaneously in the chaos of a hot 
carbon plasma, was in fact a closed 
spheroidal cage, then the whole concept 
of the intrinsic flatness of graphite might 
need some re-evaluation. 

It soon became apparent that on the 
scale of a few tens to a few hundreds of 

BESIDES the latest developments in car
bon research described by Kroto, novel 
results are continuing to be reported 
on the more 'conventional' post
fullerene carbon forms, such as the 
nanotubes first discovered by S. lijima 
last year (Nature 354, 5&-58; 1992). 
Within months, T. W. Ebbesen and P. 
M. Ajayan had discovered how to make 
these nanotubes in large quantities 
(Nature 358, 220-222; 1992). And 
L. A. Chernozatonskii and colleagues 
have succeeded In making ordered 
arrays of these tubules, as shown In 
the micrograph (Z. Ya. Kosakovskaya 
et a/. JETP Lett. 56, 2&-30; 1992). 
The authors synthesized the material 
by electron-beam evaporation of 
graphite in a high vacuum (10-s 

carbon atoms, graphite-like sheets of 
hexagonally arrayed carbon atoms would 
be unstable because of dangling bonds at 
the edges; this instability could be re
lieved by closure into a spheroidal net
work. Perhaps in bulk these edge insta
bilities would be insignificant, but on a 
small scale the need to satisfy the dang
ling bonds is probably decisive and leads 
to energy-driven closure. Closure could 
be achieved with such flat (hexagonal) 
sheets by the inclusion of 12 pentagons, 
as David Jones4 pointed out, under his 
nom de plume Daedalus, in 1966. In 
fact, a close look at graphitic material 
shows that the effectively infinite flat 
sheets of graphite, which are presumed 
to form spontaneously, are actually 
rather elusive - to the point of non
existence. 

After the original fullerene proposal 
was made, Iijima's beautiful transmis
sion electron microscope studies of con
centric graphitic shell structures5 became 
a focus of interest, as they appeared 
to bear some relation not only to the 
structure of C60 but also to the mode 
of its formation. K. G. McKay and I 
suggested6 that Iijima's structures might 
be explained as quasi-icosahedal concen-

atmospheres). The electron microscopy reveals that the texture formed on the 
surface comprises carbon filaments (themselves made of several tubules) 5 nm 
across and gathered into cables 10-100 nm long. By tilting the substrate, the 
authors found they could change the orientation of the carbon texture, leading 
them to propose that the pressure in the carbon plasma reflected from the 
substrate surface builds up enough for fullerene growth to be nucleated and for the 
tubes to grow to great length before being 'capped off' at the top. The individual 
tubes were about 0.8 to 1.1 nm in diameter, corresponding to the narrowest and 
second narrowest possible structures, the authors say. Conductivity measurements 
suggest that the film is semiconducting or semimetalllc (Individual tubes' 
conductivity can depend enormously on their diameter, according to calculations). 
The authors were impressed by the texture's hardness which exceeds that of the 
toughest alloys they used as substrates. (Scale bar Is 100 nm.) R.P. 
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FIG. 1 Predicted structure of the giant 
fullerene C1500, which would form the fifth 
shell of Ugarte or lijima's carbon onion. 

tric shells that grew through a spiralling
network mechanism 7 . These are essen
tially a set of concentric giant fullerene 
shells (Fig. 1) one inside the other, and 
electron-microscope simulations (Fig. 2) 
add significant support for this proposal. 
Although it was originally thought pos
sible to produce a set of perfectly 
closed onion-like shells, it also seemed 
likely that this would occur rather infre
quently. The results of Smalley and 
colleagues8

, however, indicate other
wise, and closure might be more the rule 
than the exception - at least during 
gas-phase nucleation. 

Now the elegant electron-microscope 
study of Ugarte indicates that closure 
may also occur readily in the condensed 
phase. By high-temperature processing 
of small carbon particles, Ugarte has 
produced kernels which exhibit a re
markable degree of spheroidal structure. 
He finds that under the microscope's 
electron beam, small fragments of mat
erial produced in a fullerene generator 
can self-assemble or rearrange them
selves into concentric spheroidal graphi
tic shells very similar to the structures 
observed by Iijima5

. But Iijima believes 
his particles were produced in a different 
way, perhaps by nucleation in the gas 
phase (personal communication). 

The C60 buckminsterfullerene and 
other results8 indicate that 60-600-atom 
aggregates of carbon atoms must be 
more stable as a closed spheroidal cage 
than as a flat sheet. Now, Ugarte's 
results show that carbon atom aggregates 
of 106-107 atoms appear to be more 
stable as onion-like structures than as 
flat sheets. (One can count the atoms 
because, assuming the object is perfect, 
the central shell has 60 atoms, the next 
240, the next 540 and so on; Fig. 2 of 
Ugarte's article reveals 60 or more 
shells.) 

Ugarte's results are also interesting for 
the light they cast on the mechanism by 
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