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One day in 2004, Andre Geim and Kon-
stantin Novoselov, two chemists at 
the University of Manchester in the 

United Kingdom, peeled down graphite to a 
speck of graphene and ran electrons through 
it. In doing so they opened up a world of pos-
sibilities based on this material’s remarkable 
properties— and won themselves the 2010 
Nobel Prize in Physics. 

Though only recently identified as a distinct 
form of carbon, graphene is not exotic. Layers 
of it stacked together form graphite, the ‘lead’ 

in pencils. Graphene rolled up becomes a car-
bon nanotube. Wrapped into a sphere, it’s a 
fullerene or, colloquially, a ‘buckyball’.

Unlike other carbon forms, graphene is a 
two-dimensional material, and the first exam-
ple of such a thing in the real world. Philip Rus-
sell Wallace, a theoretical physicist at McGill 
University in Montreal, Canada, predicted the 
electronic structure of graphene back in 1947, 
but many scientists believed 2D crystals were 
too unstable to exist. What Geim and Novo-
selov managed to pull off, through their savvy 

use of sticky tape, was a sheet of carbon a few 
micrometres across and just a single atom 
thick. This is because in graphite the atomic 
bonds between the layers are much weaker 
than the bonds across its layers. 

Graphene’s arrangement gives rise to some 
astonishing properties. Electrons move through 
it as if they have no mass. The material boasts an 
electron mobility (a measure of how fast charges 
travel) 100 times that of silicon. At room tem-
perature, electrons can travel for several micro-
metres through graphene without scattering 
— an order of magnitude further than in any 
other material. And researchers have demon-
strated graphene transistors operating at more 
than twice the speed of the best silicon transis-
tors of similar size. The behaviour of electrons 
in graphene also provides physicists studying 
quantum mechanics with a new research tool. 
Instead of having to use superconductors or flu-
ids cooled to extremely low temperatures, they 
can observe the seemingly massless activity of 
electrons on their lab benches. 

Graphene stands out in other ways as well. 
Although it is the thinnest material known to 
exist, it is also the strongest ever measured: 100 
times stronger than steel. It conducts heat bet-
ter than the previous champion, diamond. The 
atoms in graphene are packed so tightly that 
not even the smallest atom — helium — can 
pass through it. Yet graphene also stretches 
easily, giving it the ability to bend where other 
hardy materials would snap.

One property that graphene lacks is a band-
gap — a range of energy states where electrons 
cannot exist. Bandgap is a crucial character-
istic that enables semiconductor transistors 
to switch between on and off states to form 
the zeroes and ones of digital technology. But 
what’s a problem for electronics is a boon for 
optics: graphene’s lack of a bandgap means the 
material absorbs light at roughly the same level 
across the spectrum, from ultraviolet far into 
infrared. Exploiting graphene’s optical and 
electronic abilities along with its strength and 
flexibility could lead to foldable plastic smart-
phones, cheaper solar cells, or sensors that can 
detect single molecules of gas or identify indi-
vidual DNA bases.

Despite the intense research interest in 
graphene, real-world applications are in their 
infancy. It’s not yet clear if it will be able to sup-
plant silicon in transistors any time soon (see 
‘Back to analogue’, page S34). And although 
carbon is ubiquitous — simply heating any 
organic material to high temperature in a 
vacuum produces plenty — engineers are still 
grappling with ways to make high-quality gra-
phene in sufficient quantities and at a cost to 
sustain commercial applications (see ‘Beyond 
sticky tape’, page S32). Silicon took decades to 
find its signature role in technology; graphene’s 
journey has only just begun. ■

Neil Savage is a freelance writer based in 
Lowell, Massachusetts.

M AT E R I A L S  S C I E N C E

Super carbon
Graphene is phenomenally strong, thin, flexible, 
transparent and conductive — and applications beckon.
B Y  N E I L  S A V A G E
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BATTLE OF THE ALLOTROPES 
For the past 25 years, researchers have been exploring the novel properites of one form of single-layer carbon after another.
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EXPLOSIVE GROWTH 
As research on graphene takes o�, technology development is heavily concentrated in the United States and South Korea.

EXPLOSIVE GROWTH 
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Geim and Novoselov
win Nobel Prize in
Physics

Andre Geim and
Kostya Novoselov
report measurements
on graphene �akes

Curl, Kroto and
Smalley win Nobel
Prize in Chemistry

Sumio Iijima reports
measurements of
multi-walled carbon
nanotubes, sparking
widespread interest

Robert Curl, Harold
Kroto and Richard
Smalley report
discovery of C60
(fullerenes)

SUPER-MATERIAL  
Graphene stands out for its superlative mechanical, thermal and electronic properties.

SUPER-MATERIAL  
3,000

papers published on 
graphene in 2010, 
re�ecting a shift in 
research away from
carbon nanotubes.

TOP
10
countries ranked by 
the numer of 
graphene papers
1 Europe, 2 USA, 
3 China, 4 Japan, 
5 Korea, 6 Singapore, 
7 Russia, 8 India, 
9 Taiwan, 10 Canada

200K Graphene’s extraordinarily 
high electro mobility 
could make is suitable 
for super-fast devices.

NEW STAR OF THE MATERIAL WORLD

US patents
US patent apps
EU patents
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