POLYMERS THAT CONDUCT IN ONE DIMENSION

twas 1975, and Alan . MacDiarmid, a chemist at the
University of Pennsylvania, had just given a guest lec-
ture at the Tokyo Institute of Technology. His hosts treat-
edhim toa cup of green tea, he recalls, then took him on
atour In the laboratory of Hideki Shirakawa, the New Zea-
Jender saw a silvery film that delighted him. ‘1 had never
olymer,” MacDiarmid says. ‘It looked pretty.

Solinvited Shirakawa to work at our laboratory."

Polymer chemists had not gone looking for one-dimen-
sional electronic systems, but they found them in Shira-
s turned out to be a
rovel form of polyacetylene, a simple polymer that has a
backbone of carbon atoms with a hydrogen atom attached
10 each carbon. Like most organic compounds, polyacetyl-

ofvalence electrons, leaving no

m for additional electrons to
rry current. But in synthesiz-
ing the material, Shirakawa had
accidentally created a polymeric
fim with a useful bond struc-

aternately double and s
B <o foroecta et o
secrons.

iy st sl
e Sk and Al Hos:
ger (als0 then at the Uity
of Pennsylvania) soon tried dop-

duction ban a result, the
iver fims took on golaen hues  of co
ame conductors.
ince then, researchers h
found families of other conducting polymers, such as poly:
aniline, which includes nitrogen atoms in the backbone
i, and polytiophene, which has sulfr see ‘Plasics
That Conduct Electricity,’ by Al MacDiarmid and
Rchard . Kamer SCIENTIIC AMERICAN, Februa
MicROSCOPIC TWEEZERS, The physical et of
, that they are light-
weight (nndu:lols—pr\wok ed early excitement. Light-
weight aircraft skins and automobile batteries were among
the first proposals. Since adding and subtracting electrons
fiom conducting polymers changes them from conductors
into insulators, rechargeable batteries have been built from
materials.

Doping and undoping also changes the length of con-
ducting polymers by as much as 10 percent. As a result,
Raymond aughman,a scientst at Al Sgral,envisions
using conducting polymers as an efficient means
enio sectica anerey nto mechanical anergy: He an is
<oworkers have designed microactuators, such as micro-
scopic tweezers for pluicking micron'size objects.

Exploiting the electronic possibilities created by the poly:
mers' quasi one-dimensional structure, however, has taken
longer. Investigators are still puzzling out just how poly-
mers carry charge and how to better that conductivity.
What they do know s that electrons travel along a polymer

icting polymers.
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chain—a one-dimensional wire—until they run into a defect
or a break in the chain. Because electrons act like waves,
they bounce off the barrier, doubling back along the path
they came. If the electrons continue to bounce back and
forth between two defects, they will create a standing
wave. This action can pin the charge to one area of the
polymer, reducing the overall conductivity of the polymers.

CHAIN HOPPING. Electrons can escape this trap—and dr:
matically improve the conductivity of the material—if they.

polymers quasi one-dimensional systems.) Electron hop-
ping could be much like the tunneling that electrons do
when confined in semiconductors, Baughman points out.

e overall conductivity of a
polymer will depend on how far
electrons travel before running
into defects, as well as how easi-

concentration of defects along a
polymer chain.

me polymers exhibit inter-
esting optical characteristics. The
polymers can transmit light from
alaser. And because of the way
the polymers share_electrons,
increasing the intensity of light
will tune the materials' optical
properties.

LIGHT SWITCHES. Some work-
ers hope to use this trick to
make all-optical switches, which
use light to control light. Shahab
Etemad of Bellcore is developing
one such polymeric switch based
on two identical threads of poly-
diacetylene that run parallel to

h other in a block of glass.
“The lines, which are no thicker than the wavelenath of light
that they wil transmit, are coupled waveguides.
sult, shining low-intensity laser light along one line causes
the light to oscillate back and forth between the two lines.

To turn the waveguides into a switch, Etemad increas
es the intensity of laser light, which immediately changes
the index of refraction of the top line. This make the lines
no longer identical, and 5o the waveguides become de
coupled. By shortening the lines precisely, Etemad ensures
that only high-intensity light will emerge from the top line
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*switch” on (o off) one polymeric thread is only

sacond (10-13 second) lase pulse. This change far aster
than any semiconductor switch can manage. “I'm not say-
ing that Its going to be used in the telephone system to-
morrow,” Etemad says, but at least in the laboratory the
switch looks goo

As is the case with semiconductors, just how far investi
gators will be able to push the conductive and optical prop-
erties of polymers depends on how easily the materials can
be processed and on how precisely their electrical proper-
ties can be controlled. Points out Bau
of the future—of easily processable conducting polymers—
depends on our being able to manipulate defects and in
crease the strength of the chain interactions.”
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