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Tiny pieces of the
world with power
to change planet

Nanotechnology could one day have an influence on our lives
comparable to the steam revolution, writes AN JOHNSTON

MID dire warnings

that it would engulf

the world in a giant

mass of grey goo,

nanotechnology has
gradually been moving into ev-
eryday life.

Today it is used to make such
ordinary things as paint, sham-
poo and toothpaste.

In the minds of some, this
branch of scienceisas controver-
sialasubjectas genetically modi-
fied food and nuclear power.

Butaccording to aworld-lead-
ing exPert in the field, it
shouldn’t be, and instead of pos-
ing any kind of threat, will actu-
ally revolutionise life'in the 21st
centuryasthesteamengine,elec-
tricity and the computer did in
previous centuries.

For,says ProfessorDavid Leigh
of Edinburgh University, hu-
manity has only just begun to
harnesstheelemental forcesthat
conirol life at the nanoscale - a
millionth of a millimetre - and
which are used by nature to do
everything from flexing a mus-
cle to photosynthesising light
into energy.

The resulting innovations
over the next 100 years — in
medicine, computing, energy
production, manufacturing, al-
most every kind of activity you
can think of -will be so amazing:
that they would seem like magic
today. “Harry Potter and then
some,” says Prof Leigh.

But for the moment, this bur-
geoning science has practical ap-

plications at a much more mun-
danelevel. “Nanotechnologyjust
means technology on the
nanoscale, so that can mean par-
ticles that are put into paint to
make them very resistant,” Prof
Le%gh says.

‘There are already shampoos
and even toothpastes that use
nanotechnology. The abrasives
in toothpaste that clean your
teeth are nanoscale particles.
Some aspects of nanotechnolo-
gy are well advanced.”

But this research chemist has
hismindonthemoreexcitingas-
pects of the very tiny. Earlier this
month, he announced that his
team had invented the first
nanomachine that could actual-
ly move something bigger than
another nano-sized object.

Managing to move a drop of
water up al2-degreeslope might
sound a small achievement, but
itwas theequivalentofaconven-

Professor David Leigh

tional motor movinga piston by
a millimetre and managing to
lift an object twice the height of
the CN Tower in Toronto, world’s
tallest building at 1,815ft.

ProfLeigh predicts thiswillbe
the first of many such “ma-
chines”—itwasbasicallyachemi-
cal reaction caused by light that
changed the surface properties
of a material so that it repelled
water — that will cause dramatic
alterations to life on the planet.

“In100 years, I think we'll find
nanotechnology has had an in-
fluence on our society that com-
pares to the steam engine, elec-
tricity, the computer and the
internet,” he says.

“Itwill have changed our lives
in ways it is hard to imagine
today. The reason I can make
such an outlandish ‘science fic-
tion' claim is that nature uses
molecular machines to do every-
thing, Man uses it for nothing.

“When we learn to make
molecules that behave as ma-
chines so that objects are smart
and canadapt to theirsurround-
ings, it will just be so different to
our current technology it will
just be unrecognisable.

“It would be like asking some-
one in the Industrial Revolution
about the impact of the motor
carorelectricity Justimagineev-
erything you see in a Harry Pot-
ter film, and then some.”

But he is scathing of boasts in
the 1980s that self-replicating
robots made from atom-sized
cogsand pistons would be devel-

Tiny science: Toothpaste
already uses nanoscale
particles in its abrasives

oped for a whole range of appli-
cations and the accompanying
grim warnings that they could
take over the planet, turning all
living matter into “grey goo”.

“My dishwasher doesn't self-
replicateand there’snoreason to
think molecules are going to,”
Prof Leigh says.

“Bacteria do self-replicate and
we're nowhere near to making
anything like a bacterium.

“We should be more worried
about bacteria than about the
dangers of man being able to
make something that can repli-
cate synthetically”

The grey goo nightmare was
conjured up by the American
nanotech guru Dr Eric Drexler,
and while he has since backed
away from the idea, it was then
taken up enthusiastically by the
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writer Michael Crighton in his
novel Prey.

“One of the good things that
Drexler came up with was anew
vision of molecular machines,
these'nanobots’,andreallywhat
most people have got out of this
vision of Drexler is this idea of
shrinking down real-world
manufacturing techniques to
the nanoscale level. It sounds
very good,” Prof Leigh says.

“Drexler’s idea was you could
scale down machines further
and further and further and
make machines so small they
could replicate themselves.

“Thiswaswhere this greygoo’
idea came from and if you
weren't careful you could invent
something that could take over
the planet.”

The problem, however, is that
there are fundamental differ-
ences between “macroscopic”
life - on our scale - and the
nanoworld.

“The way things work at the
nanoscopic level, you can't just
scale down these manufactur-
ing techniques;,” Prof Leigh says.
“It’s very dangerous in terms of
predictions fo say you could
never make anything that looks
like that, butit’s pure sciencefic-
tion really”

Trying tobuildanano-car, for
example, would be fraught with
insurmountable difficulties.

plies to everything exceptat ab-
solute zero (minus 273C).

Secondly, at the molecular
level, heatisdissipated instantly
from one atom to another, soa
combustion engine would be
unrealistic.

And thirdly, molecules live in
avery different environment to
humans. Their world is much
more viscous than ours.

Prof Leigh says: “For me walk-

u Just imagine everything you seeina
Harry Potter film, and then some™

Firstly, the atom-sized com-
ponentswouldshaketheengine
to pieces because of a phe-
nomenon called Brownian Mo-
tion, discovered by the Scots
botanist Robert Brown.

He described how small par-
ticlesareconstantlyon themove
inrandom directionsinafunda-
mental law of matter which ap-

ing around a room, I don't feel
anyresistance from theairto the
motion, butif  was a molecule I
would be buffeted by all these
air molecules. It would be like
trying to walk through golden

Despite these problems,how-
ever, he believes the science fact
of molecularmachineswillhave

an even bigger impact on
people’s lives than Drexler’s vi-
sion of nanobots.

Prof Leigh was the first per-
son to succeed in turning the
problem of Brownian Motion
on its head and use it to build a
nanomachine.

“Things are constantly mov-
ing through Brownian Motion.
Whatyouneed to putin energy
to do is to stop them moving in
the way youdon't want,” hesays.
“That’s what harnessing Brown-
ian Motion means — harnessing
just the motions you want and
stopping the others.”

Already he has developed
polymers containing millions
of tiny nanoswitches that could
be used to store information for
the next generation of faster
computers. An area the size of a
pinhead could contain about a
million-millionbitsofinforma-
tion."Itisassmallasyoucanpos-
sibly get. The smaller it is the

faster it will operate,” he says
The same kind of switches car
also be used to alter the surfacs
properties of a material simply
byshining therightkind ofligh
onitorusingan electric current
A surface could flick betweer
being oily or not oily, sticky o
non-sticky, magnetic or no
magnetic, black or white
POToUS OF NON-POTOUS.

“You could make a car or an:
sort of thing that was glued t
getherand youcould easily tak
the partsapartby zapping then
with light or a certain electri
current,” Prof Leigh says.

In the longer term, there ar
possibilities of using nanomz
chinestodeliver drugsto target
edareasof thebody, particularl
tumours, and diagnosing di
eases.

Nature uses chemical reac
tions to do everything, and sc
entists are just beginning to
plore this territory.





