
NEW VOICES IN CHEMISTRY

S
ocietal needs and econom-

ics will drive future trends in
science. The most expensive
material mass produced by
humankind is not the latest

blockbuster drug. It is the integrated cir-
cuit, which is produced by an amazing mix
of processing and mechanical tech-
nologies. What will the most valu-
able chemicals of the future be? I
assert that they will be highly com-
plex polymers and supramolecular
assemblies with special functions.

Why will complex polymers and
supramolecular materials become
so prominent in the future? One
reason is that further miniaturiza-
tion of electronics will lead to
molecular-scale devices. The health
sciences also present opportunities;
the drugs of the future will be nano-
devices composed of polymers and
supramolecular assemblies that rec-
ognize their prey and then deposit
active agents when and where they
are needed. And let us not forget
chemical sensors and biosensors,
one of my favorite subjects. Com-
plex molecules—not semiconduc-
tors and expensive instruments—are best
suited to detect molecules of natural and
unnatural origin.

The ability to synthesize gives chemists
an advantage over the most insightful
physicist or engineer. Synthetic organic
chemistry has become an art form, and we
can safely assume that, given resources and
time, we can synthesize essentially any
complex organic molecule. Most synthetic
chemists have been directing their atten-
tion largely at naturally occurring mole-
cules with special medicinal properties.
Given that we can synthesize anything, I
suggest that some chemists interested in
complex molecule synthesis focus their
creative talents on the new uncharted
waters offered by functional polymers and
supramolecular assemblies.

How do we start? In the synthetic
world, we can combine many natural or
unnatural molecules that test novel fun-

damental hypotheses. Many physical mod-
els have analogies to the macroscopic
world in the form of mechanical linkages
or electronic attributes. Physicists and
engineers often try to do such things, but
their ideas are often unrealistic. We
empowered synthetic chemists can con-

sider synthetic accessibility, the availability
of building blocks, and our instinct about
the physical properties of molecules.

We are poised on the edge of a new era
of chemical synthesis. The past two
decades have afforded extraordinary tools
for chemical analysis, structures, assembly
methods, and reactions. However, we need
to expand the toolbox and take advantage
of broader methods to prove our designs.
Many demonstrations of novel struc-
ture/function relationships will challenge
the already technically overwhelmed stu-
dents of chemistry, and we will need physi-
cists or physical chemists to help out. How-
ever, we must understand the design
principles and experiments to “stay at the
helm” of the scientific endeavor.

The last decade has produced an explo-
sion of new structural units and assembly
methods for the synthesis of complex
assemblies and polymers. Many of these

advances have arisen in part from a better
understanding of nature and the self-organ-
ization exhibited by natural systems. In the
supramolecular domain, one needs to
develop the synthesis of highly regular
high-molecular-weight structures in near
quantitative yields.

Only a few years ago, catenanes, molec-
ular knots, helices, grids, tubes, and rotax-
anes were considered esoteric intellectual
curiosities. Now they are readily available
building blocks for the supramolecular
designer. We have a mature but rapidly ex-
panding toolbox for programmed assem-
bly. We also enjoy an excellent menu of
2-D and 3-D building blocks such as por-
phyrin arrays, calixarenes, cyclophanes,

transition-metal clusters, and
dendrimers.

So, what other targets should the
new breed of synthetic chemist
attack with the awesome power to
construct matter? The key is to
think small. A material that effec-
tively and selectively transduces the
presence of a molecule or organism
can be very valuable. A sensor can
be produced from as little of a few
nanograms of a material, and a
materials cost of $1,000,000 per
gram is not unreasonable.

We have not even scratched the
surface of the possible molecular
and polymeric materials for thin-
film transistors. Aplethora of other
advanced materials opportunities
await the creative synthetic chemist.
Special glue can be used in minus-
cule quantities to repair the lens of

an eye after surgery. Molecular photovoltaic
devices can be used to create large-area
arrays that function like a charge-coupled
device detector. Dendritic molecular cir-
cuitry can be used to make new computa-
tional electronic or photonic circuitry that
functions more like a brain than an inte-
grated circuit.

In the design of the new complex mate-
rials and supramolecular assemblies of the
future, synthetic chemists can be kings and
queens. We are limited only by our imagi-
nations, not economics.
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TOOLBOX For Swager, the key is to think on a
small scale.


