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7.5: Fullerenes
If we extend the structure of corannulene by adding similar cycles of five benzene rings, the curvature of the resulting molecule
should increase, and eventually close into a sphere of carbon atoms. The archetypical compound of this kind (C ) has been named
buckminsterfullerene because of its resemblance to the geodesic structures created by Buckminster Fuller. It is a member of a
family of similar carbon structures that are called fullerenes. These materials represent a third class of carbon allotropes.
Alternating views of the C  fullerene structure are shown on the right, together with a soccer ball-like representation of the 12 five
and 20 six-membered rings composing its surface. Precise measurement by Atomic Force Microscopy (AFM) has shown that the
C-C bond lengths of the six-membered rings are not all equal, and depend on whether the ring is fused to a five or six-membered
beighbor. By clicking on this graphic, a model of C  will be displayed.

Although C  is composed of fused benzene rings its chemical reactivity resembles that of the cycloalkenes more than benzene.
Indeed, exposure to light and oxygen slowly degrade fullerenes to cage opened products. Most of the reactions thus far reported for
C  involve addition to, rather than substitution of, the core structure. These reactions include hydrogenation, bromination and
hydroxylation. Strain introduced by the curvature of the surface may be responsible for the enhanced reactivity of C .

. Larger fullerenes, such as C , C , C  & C have ellipsoidal or distorted spherical structures, and fullerene-like assemblies up to
C  have been detected. A fascinating aspect of these structures is that the space within the carbon cage may hold atoms, ions or
small molecules. Such species are called endohedral fullerenes. The cavity of C  is relatively small, but encapsulated helium,
lithium and atomic nitrogen compounds have been observed. Larger fullerenes are found to encapsulate lanthanide metal atoms.

Interest in the fullerenes has led to the discovery of a related group of carbon structures referred to as nanotubes. As shown in the
following illustration, nanotubes may be viewed as rolled up segments of graphite. The chief structural components are six-
membered rings, but changes in tube diameter, branching into side tubes and the capping of tube ends is accomplished by fusion
with five and seven-membered rings. Many interesting applications of these unusual structures have been proposed.
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