
NEW VOICES IN CHEMISTRY

O
ver the past decade, much

of the academic chemical com-
munity has transitioned from a
period of concern over the dwin-
dling resources available for basic

research to one of unparalleled excitement
over the prospect of developing the emerg-
ing field now known as nanotechnology or
nanoscience. One question facing workers
in this field and the chemical community at
large is whether it will last or simply be a sci-
entific fad. I am convinced that nanotech-
nology is here to stay because it focuses on
scale rather than a particular material (for
example, C60, high-Tsuperconductors).

Born of the science fiction community,
nanotechnology unfortunately has far-
fetched vestiges of the past (such as dis-
cussions of the development of nanoro-
botics with artificial intelligence) intimately
intertwined with the essence and propos-
als of credible and doable science. For nan-
otechnology to become a self-sustaining
field, the gap between science and science
fiction must be widened, overblown hype
regarding the wondrous possibilities of this
new field must be tempered, and scientific
challenges for the development of the field
must be clearly delineated.

Major developments over the past two
decades make nanotechnology a legitimate
enterprise. Most of them involve
the development of new analyt-
ical tools such as scanning-
probe, near-field-optical, and
electron microscopes and
nanoprinting methodologies
that now are readily accessible.
These tools, which allow the vis-
ualization and manipulation of
matter on the nanometer- and
even atomic-length scale, are
allowing researchers to study
and exploit structures with
dimensions that fall within this
extraordinary length scale. 

Another important advance
has been the development of
synthetic methods for making
nanostructures. Nanoparticle
research, or colloid chemistry,

has been a major area of research for the
past century. However, new advances in
synthetic methods for making such struc-
tures, combined with new analytical tools,
made it possible to refine methods to the
point where designer particles with nano-
scopic dimensions can, in many cases, be
made almost in molecule-pure form. This
type of approach has been extended to
many classes of materials, including zeo-
lites, colloidal crystals, and biological
macromolecules. As a result, meaningful
nanostructure-versus-function studies
have been possible, allowing researchers
to develop an understanding of quantum
confinement, develop new catalysts, pre-
pare molecular sieve materials with con-
trollable pore dimensions, and invent
important tools for biological characteri-
zation and diagnostics. 

Much of this work was initiated prior
to what is now being touted as the “mod-
ern nanotechnology revolution.” However,
the excitement over and recognition of
nanotechnology as a new field have caused
many scientists to begin considering and
focusing on the physical and chemical con-
sequences of sub-100-nm miniaturization
in various bulk materials.

As often happens in any trendy field
with significant resources, many scientists

are attempting to reinvent themselves to
fit under the nanotechnology umbrella.
This behavior is not necessarily a negative
consequence. Indeed, all fields benefit
from new perspectives. However, two
issues concern me. First is the attempt by
many in the chemical community to clas-
sify all chemistry as nanotechnology. This
is certainly not the case, and such attempts
diminish the impact that will be realized by
establishing this new field. Most chemists
are angstrotechnologists rather than nan-
otechnologists; indeed, they typically focus
on making molecules or manipulating por-
tions of molecules with subnanometer
dimensions, clearly important endeavors
that will continue to have major impacts in
many areas. However, many interesting
materials will derive from the development
of rational synthetic methods for building
molecule-pure architectures with dimen-
sions that can be tailored on the scale of 1-
to 100-nm—providing one of the greatest
challenges for chemists in the 21st century.

I also am concerned about the over-
stated claims that nanotechnology is going
to deliver, in the short term, some of the
fascinating but far-fetched devices and
structures that are pure science fiction.
The realization of many of these notions
is hampered by a fundamental inability to
wire up and interface structures on the
nanometer-length scale with macroscop-
ically addressable components. The ad-
dressability challenge, which was recog-
nized in the 1980s and 1990s, was the
showstopper then and still is today. Exist-
ing nanolithographies are too slow to
make structures on the sub-50-nm-length 
scale, and no straightforward alternatives
have been proposed to accomplish this in

a reasonable time.
Challenges like these must be

addressed in the short term if nan-
otechnology is going to become
more than a simple reclassifica-
tion of existing and old science.
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