
NEW VOICES IN CHEMISTRY

M
any of the technologies

earmarked for significant
growth in the coming decades
are critically dependent on
credible nanometer-scale

measurements and analysis. Among them
are high-density electronics, biosensors,
high-throughput experimentation, sepa-
rations, and catalysis. If the full
potential of these technologies is to
be realized, the development of
robust tools for molecular-scale
measurements is critically impor-
tant. To that end, chemists are join-
ing forces with physicists, biologists,
and engineers, bringing their keen
understanding of molecular-scale
phenomena to bear on interdisci-
plinary efforts to observe, under-
stand, and control nanometer-scale
structures and events.

New strategies are emerging,
among them a promising ap-
proach for developing nondestruc-
tive nanometer-scale chemical
microscopy. The idea is to couple
the high spatial resolution of scan-
ning-probe microscopy with the
chemical specificity of molecular
spectroscopy. The latter technique
has provided remarkably detailed descrip-
tions of elementary chemical processes.
For example, it has enabled the dynamics
of bond-making and bond-breaking events
to be studied in real time. However, the
spatial resolution of molecular spec-
troscopy is limited by the diffraction of
light. Accordingly, its utility in investigat-
ing molecular-scale events rests on the
nature of the system being studied. As a
result, the technique often is limited to
homogeneous samples or to systems in
which the spacing between regions of inter-
est is sufficiently large.

Scanning-probe microscopy—such as
scanning tunneling microscopy (STM) and
atomic force microscopy (AFM)—cur-
rently is the tool of choice for research in
nanoscience and nanotechnology. STM and
AFM probes allow researchers to view and
manipulate atoms and molecules on the
surface of a sample on the atomic scale.
Stunning displays of the power of these
probes in fabricating and visualizing

nanometer-scale structures have graced the
covers of scientific journals and appeared in
the popular press. Using STM, researchers
Donald M. Eigler and Erhard Schweizer at
IBM Almaden created their institute’s logo
from individual xenon atoms. Chemistry
professor Chad Mirkin and co-workers at
Northwestern University penned the words

of physicist Richard Feynman with an AFM
nanometer stylist. Yet despite these impres-
sive achievements, robust analytical tech-
niques that can identify the atomic and
molecular building blocks remain elusive.
The challenge “measurement” scientists
face is to provide tools that can measure
complex, heterogeneous, nanometer-scale
systems with the same exacting level of
chemical detail that conventional spectro-
scopic techniques currently provide on
macroscopic samples.

In 1928, Edward Synge recognized that
optical resolution could be improved by
illuminating a sample through an aperture
that was significantly smaller than the wave-
length of light while keeping the sample-
to-aperture separation less than the wave-
length of light. In this optical near-field,
resolution isn’t limited by diffractive
effects—it’s a function of the size of the
aperture and the distance of the sample
from the aperture. However, it was not until
shortly after STM was invented in 1981 by

Gerd K. Binnig and Heinrich Rohrer at
IBM Zurich that research groups headed
by Dieter Pohl at IBM Zurich and Aaron
Lewis at Cornell University demonstrated
near-field scanning optical microscopy
(NSOM) as we know it today. One of the
many variations of NSOM involves illumi-
nating the sample through a nanometer-
scale aperture while controlling the sam-
ple-to-aperture separation to within a
distance of a few atomic diameters. The
precise positional control and high degree
of spatial confinement of the electromag-
netic fields enable researchers to couple the
power and versatility of spectroscopy with

the nanometer-scale resolution of a
scanning-probe microscope. 

Research in NSOM over the past
20 years has demonstrated that spa-
tial resolution down to approxi-
mately 20 nm can be achieved,
offering a significant improvement
over conventional optical methods.
With the advent of intense laser
sources and novel methods for gen-
erating small optical apertures,
inroads have been made in coupling
near-field optical methods with
spectroscopy. Researchers around
the world have been exploring tech-
niques that combine conventional
spectroscopies with scanning-probe
microscopies. Contrast mecha-
nisms that rely on vibrational spec-
troscopy (infrared absorption spec-
troscopy and Raman spectroscopy),
dielectric spectroscopy (microwave

dispersion), and nonlinear spectroscopy
(second harmonic generation) have been
demonstrated at length scales well below
those governed by the diffraction of light. 

Ongoing challenges lie in building
sophisticated instrumentation for broad-
scale use in all fields of science and in devel-
oping a physical understanding of the fac-
tors that dictate the spectral response of
complex, heterogeneous, nanometer-scale
systems. Future challenges lie in expanding
the array of material characteristics that
can be directly probed on the nanometer
scale, with a particular focus on perform-
ance properties.
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CHEMICAL MICROSCOPY
New strategy for nanoscale measurements couples
spatial resolution with chemical specificity 

NANOTECHNOLOGY Stranick focuses on the
development of novel scanning probe microscopies
for studying the physiochemical properties 
of surfaces. 


