
NEW VOICES IN CHEMISTRY

A
s we move into the new

millennium, the chemical
enterprise seems to offer
almost unlimited promise and
opportunity for science and

society. My excitement and expectations
arise from the central role that chemistry
will surely play in diverse areas that range
from nanotechnology to genomics and
proteomics as well as the positive impact
that such work will have on mankind. In
this essay, I focus on nanotechnology,
addressing the issues that I find especially
exciting and looking to the future.

My vision of nanotechnology—which I
implicitly take to include fundamental sci-
ence and technology—is one that involves
the hierarchical assembly of well-defined
nanoscale building blocks into functional
tools and devices. This vision for creating
tools and devices differs fundamentally
from manufacturing paradigms of the past
century and also suggests the central role
of and some challenges for chemistry.
Developments in chemical synthesis,
which have served as a traditional focus of
the chemical enterprise, will continue to be
critical for expanding capabilities for the
preparation of building blocks in which
chemical composition, physical proper-
ties, and morphology can be precisely con-
trolled. Meeting these challenges will
require merging ideas not only from
chemistry but also from materials sci-
ence and biology.

Our recent work demonstrating the
ability to control precisely the size and
electronic properties of a broad range
of molecular-scale wires highlights the
potential of interdisciplinary approaches
and has expanded our thoughts about
what might be possible. It is absolutely
essential to develop a fundamental
understanding of emerging building
blocks, because this information allows
us to conceive of ideas for new tools and
devices. Probing the fundamental prop-
erties of materials is a challenge for
chemistry. It requires combining train-
ing in chemistry, physics, and engineer-
ing. Such work will be most productive

when tightly coupled to the synthesis of
new materials. For example, our integrated
understanding of the synthesis of and the
electronic and optical properties of
nanowires has enabled us to
assemble a range of func-
tional electronic and opto-
electronic devices.

The creation of single
functional elements repre-
sents merely a nascent step
toward a vision of assem-
bling integrated devices.
Some of the biggest future
opportunities and chal-
lenges center on develop-
ing much more powerful
approaches for hierarchical
organization of functional
building blocks over multi-
ple length scales and levels
of structural complexity. Scalable assem-
bly of parallel and crossed functional
nanowire arrays—recently reported by
Huang and coworkers—is a key step for-
ward in this area; however, controlled organ-
ization of more complex structures will be
required. Future efforts in this area will be
natural for chemists (for example, the design
and control of noncovalent interactions)
but also will benefit by merging ideas from
biology, where complex organization is a

well-established motif. Developments in
hierarchical assembly must be strongly cou-
pled to creative thinking in systems archi-
tecture—for example, how device elements
should be organized to achieve computing
function and, conversely, how conventional
architectures must be changed to fit with
what might be achievable. As chemists, we
are in the unique position to reach out to
adjoining areas of science and engineering
and lead the attack on such critical issues.

Advances in the synthesis of nanoscale
materials, such as nanowires and carbon
nanotubes, are already enabling the creation

of powerful new tools and
sensors for imaging and
detection at the single-
molecule level. One can
reasonably conceive of
pathways for creating inte-
grated devices for nonin-
vasive or minimally inva-
sive diagnostics that could
sense many distinct ele-
ments in a biochemical
pathway and also be cou-
pled directly to telemetry
or delivery functions,
thereby revolutionizing
the detection and treat-
ment of disease. From the

standpoint of electronics, one can readily
envision extending current results to the
creation of nanoscale nonvolatile memory
and storage of unprecedented capacity; also,
with added complexity, one can imagine the
creation of universal computing machines.

The opportunities for chemistry in
nanotechnology and the potential to rev-
olutionize broad areas of science and indus-
try are clear. Expanding our definition of
chemistry for the future and ensuring the

quality education of students will be
essential to our role in this revolution.
As I often tell my son, being able to
think creatively about and to learn new
things every day is an amazingly fun
and exciting position to be in, and we
chemists should take full advantage of
the opportunity.
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