
NEW VOICES IN CHEMISTRY

T
he award of the nobel prize

last fall to Alan G. MacDiarmid,
Alan J. Heeger, and Hideki Shi-
rakawa for their discovery of
conducting polymers could not

have come at a better time. Acknowledg-
ment of their achievements was the perfect
culmination to an end-of-century blitz of
discoveries in organic electronics—dis-
coveries that have changed our views about
the future possibilities for integrating mol-
ecules and molecular materials
into electronic circuitry. 

Among the biggest discover-
ies was the finding last year by
Bell Labs researchers that at low
temperatures, single crystals of
simple conjugated molecules
such as naphthalene—the con-
stituent of mothballs—anthra-
cene, and tetracene can conduct
charge at speeds rivaling those
of such conventional semicon-
ductors as silicon and gallium
arsenide. The group observed
that at temperatures around 5
K, electron and hole mobilities
(measured as velocity per unit
electric field) in their purest
crystals could exceed 50,000
cm2/Vs, far above values that
had been reported previously for organic
materials. This exciting news confirms, in
a particularly definitive way, that crystals
of conjugated molecules are bona fide
semiconductors: They have truly delocal-
ized electrons in addition to a band gap.

But more important, the discovery that
charges can achieve high speeds in organic
solids represents a conceptual watershed in
organic electronics. The common notion
for decades has been that molecular solids
are low-mobility materials. Now we have
proof that at low temperatures, this is not
the case. This finding inspires a host of new
experiments to probe the unusual trans-
port physics of organic solids. It raises an
intriguing question: Can we increase the
room-temperature mobilities?

From a practical standpoint, room-tem-
perature mobility is a critical issue, because

the ultimate success of plastic electronics
depends on whether we can develop
organic semiconductors with mobilities
better than 1 cm2/Vs, the benchmark in
commercial amorphous hydrogenated sil-
icon. Room-temperature mobilities for
thin films of pentacene are now ~1 cm2/Vs,
but in a competitive semiconductor
technology environment, every extra bit
of speed counts. A10-fold increase in thin-
film charge mobilities would make organic

semiconductors very attractive, especially
if the improved mobility were combined
with low-cost processibility, a perceived
major advantage of these materials.
Consequently, a specific challenge to
materials chemists for the next decade is
whether we can make solution-processi-
ble semiconductor films that display
charge mobilities of 10 cm2/Vs or greater.

Reaching this goal requires that we
determine with high fidelity the relation-
ship between structure and charge mobil-
ity in organic solids. We have general
notions about what is important for elec-
trical conduction—electronic deloca-
lization based on the strength and sym-
metry of intermolecular interactions—but
we are only beginning to understand the
ramifications of these ideas in molecular
materials.

For example, the Bell Labs results were
based on simple van der Waals crystals that
exhibit what is commonly called herring-
bone molecular packing. Is herringbone
packing, as exemplified by many planar aro-
matic molecules, somehow inherently good
for charge transport, or can we optimize
mobilities by enforcing p-stacking interac-
tions between the molecules? What syn-
thesis strategies can we use to manipulate
the crystal structure? At the core of organic
electronics are many basic questions about
how we design and assemble molecular
solids and about the connection between
electronic and crystal structures.

Organic single crystals are not the only
materials in which the structure-mobility
relationship needs to be addressed. The de-
localized pbonding in conducting polymers
often has led chemists to view these macro-
molecules as tiny molecular wires. But how

does the charge mobility along a
polymer chain compare with
mobility between chains? Mea-
surements on conducting poly-
mer films that have average chain
alignment have shown that mob-
ility is enhanced along the align-
ment direction, but carrier mobil-
ities need to be determined in
samples where chain alignment
is rigorously controlled and veri-
fiable. Only then will we be able
to assess the validity of the molec-
ular wire analogy. Because many
practical devices will be based on
thin films, we also need to better
understand the role of structural
imperfection on carrier transport.

Learning how to make charg-
es move faster in organic mate-

rials is basic research with a big potential
payoff. Our progress in the next decade
toward realizing practical, low-cost, print-
able electronics hinges significantly on our
ability to optimize carrier speed. Nobody
knows yet how far we can push organic
semiconductor technology, but the poten-
tial for new products such as electronic
paper, smart labels, flexible flat-panel dis-
plays, and solar cells is clearly very exciting.
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