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Consider the humble pencil. It may come as a surprise to learn that the now common writing instrument at
one time topped the list of must-have, high-tech gadgets. In fact, the simple pencil was once even banned

from export as a strategic military asset. But (ywhat is probably more unexpected is the news that every time

someone scribes a line with a pencil, the resulting mark includes bits of the hottest new material in physics

and nanotechnology: graphene.

Graphene comes from graphite, the “lead” in a pencil: a kind of pure carbon formed from flat, stacked layers
of atoms. The tiered structure of graphite was discerned centuries ago, and so it was natural for physicists
and materials scientists to try splitting the mineral into its constituent sheets—if only to study a substance
whose geometry might turn out to be so elegantly simple. Graphene is the name given to one such sheet. It
is made up entirely of carbon atoms bound together in a network of repeating hexagons within a single plane
just one atom thick.

Two features of graphene make it an exceptional material. First, despite the relatively crude ways it is still
being made, graphene exhibits remarkably high quality—resulting from a combination of the purity of its
carbon content and the orderliness of the lattice into which its carbon atoms are arranged. Investigators have
so far failed to find a single atomic defect in graphene—say, a vacancy at some atomic position in the lattice
or an atom out of place. That perfect crystalline order seems to stem from the strong yet highly flexible
interatomic bonds, which create a substance harder than diamond yet allow the planes to bend when
mechanical force is applied. The flexibility enables the structure to accommodate a good deal of deformation
before its atoms must reshuffle to adjust to the strain.

oThe quality of its crystal lattice is also responsible for the remarkably high electrical conductivity of

oraphene. Its electrons can travel without being scattered off course by lattice imperfections and foreign

atoms. Even the jostling from the surrounding carbon atoms, which electrons in graphene must endure at
room temperature, is relatively small because of the high strength of the interatomic bonds.

The second exceptional feature of graphene is that its conduction electrons, besides traveling largely
unimpeded through the lattice, move much faster and as if they had far less mass than do the electrons that
wander about through ordinary metals and semiconductors. Indeed, the electrons in graphene—perhaps
“electric charge carriers” is a more appropriate term—are curious creatures that live in the weird world where

rules analogous to those of relativistic quantum mechanics play an important role. 3That kind of interaction

inside a solid, so far as anyone knows, is unique to graphene. Thanks to this novel material from a pencil,

relativistic guantum mechanics is no longer confined to cosmology or high-energy physics; it has now entered

the laboratory.



H 88 : Andre K. Geim and Philip Kim, “Carbon Wonderland”, Scientific American, Vol. 298, No. 4 (2008)
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