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New ALS Technique Gives Nanoscale Views of Gomplex Systems

Studying and identifying
molecules at the mesoscale has
always been challenging—even
the best microscopes and spec-
trometers have difficulty simul-
taneously identifying and
spatially resolving this realm of
matter, which ranges from about
10 to 1000 nanometers in size.
But ALS researchers recently
developed a broadband imaging
technique that looks inside the
mesoscale realm with unprece-
dented sensitivity and range.
The new technique, called
Synchrotron Infrared Nano-
Spectroscopy (SINS), will enable
in-depth study of complex
molecular systems, including
liquid Dbatteries, living cells,
novel electronic materials, and
stardust. SINS gives researchers
the power of full broadband
infrared spectroscopy at 100 to
1000 times smaller scale than
previously possible, an unprece-
dented level of resolution.

By combining atomic force
microscopy with infrared
synchrotron light, ALS
researchers from Berkeley Lab
and the University of Colorado
have improved the spatial resolu-
tion of infrared spectroscopy by
orders of magnitude, while
simultaneously covering its full
spectroscopic range, enabling
the investigation of variety of
nanoscale, mesoscale, and
surface phenomena that were
previously difficult to study. The
researchers have demonstrated
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This peptoid nanosheet is less than 8 nanometers thick at some

points. SINS makes it possible to acquire spectroscopic images

of these ultrathin nanosheets for the first time.

SINS' ability to capture broad-
band spectroscopic data over a
variety of samples, including a
semiconductor-insulator system,
a mollusk shell, proteins, and a
peptoid nanosheet.

SINS combines two pre-
existing infrared technologies:
a newer technique called
infrared scattering-scanning
near-field optical microscopy
(IR s-SNOM) and an older
tried-and-true technique called
Fourier transform infrared
spectroscopy (FTIR). A melding

of these two tools, combined
with the intense infrared light
of the ALS, gives the researchers
the ability to identify and study
clusters of molecules sized as
small as 20 to 40 nanometers.
The new approach over-
comes long-standing barriers
with pre-existing microscopy
techniques that often involve
demanding technical and sample
preparation
Infrared spectroscopy uses low-

requirements.

energy light, is minimally inva-
sive, and is applicable under
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SINS in Action

The broadband imaging technique Synchrotron Infrared Nano-
Spectroscopy (SINS) tremendously improves the spatial reso-
lution of infrared spectroscopy without sacrificing the broad
spectral range and sensitivity necessary to chemically charac-
terize a wide variety of molecules and solids.

Researchers have already demonstrated the technique by con-
firming the spectroscopic signature of silicon dioxide on silicon
and by illustrating the sharp chemical transition that occurs
within the shells of the blue mussel (M. edulis). Additionally,
ALS researchers looked at proteins and a peptoid nanosheet,
an engineered, ultrathin film of proteins with medical and phar-
macological applications.

SINS is likely to be useful for a wide range of materials and het-
erogeneous mixtures, such as biological samples and lunar
rocks, meteorites, and stardust. These extraterrestrial materi-
als have a molecular diversity that is difficult to resolve on the
nanoscale, particularly in a nondestructive manner for these
rare samples. A better understanding of the makeup of moon
rocks and dust from space could provide clues to the formation
of the planets and solar system.

The potential of SINS is great for battery research, as an under-
standing of battery chemistry on the mesoscale could provide
insight into better performance.

SINS will also enable a greater understanding of organic solar
cell performance. Researchers are currently looking to further
improve the flexibility of the technique such that it can be
applied under variable and controlled atmospheric and low-
temperature conditions.

ambient conditions, making it an
excellent tool for chemical and
molecular identifications in
systems that are static as well as
those that are living and
dynamic. The technique works
by shining low-energy infrared
light onto a molecular sample.
Molecules can be thought of as
systems of balls (atoms) and
springs (bonds between atoms)
that vibrate with characteristic
wiggles; they absorb infrared
radiation at frequencies that
correspond to their natural
vibrating modes. The output
from this absorption is a spec-
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trum, often called a fingerprint,
that shows distinctive peaks and
dips, depending on the bonds
and atoms present in the sample.

But infrared spectroscopy
has its challenges too. While it
works well for bulk samples,
traditional infrared spectros-
copy can't resolve molecular
composition below about
10,000 nanometers. The major
hurdle is the diffraction limit of
light, which is the fundamental
barrier that determines the
smallest focus spot of light and
is particularly troublesome for
the large wavelengths of
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The experimental setup for SINS includes the ALS light
source, an atomic force microscope, a rapid-scan Fourier

transform infrared spectrometer, a beamsplitter, mirrors, and

a detector.
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A spectrallinescan of a blue mussel shell, which transitions

from calcite to aragonite, illustrates the spatial resolution

and spectroscopic range capabilities of the SINS technique.

The image shows two simultaneously acquired vibrational

modes across the transition region.

infrared light. In recent years,
though, the diffraction limit has
been overcome by a technique
called  scattering-scanning
near-field optical microscopy,
or s-SNOM, which involves
shining light onto a metallic tip.
The tip acts as an antenna for
the light, directing it to a tiny
region at its apex just tens of
nanometers wide.

This trick is what's used in
IR s-SNOM, where infrared
light is coupled to a metallic
tip. The challenge with IR
s-SNOM, however, is that
researchers have been relying
on infrared light produced by
lasers. Lasers emit a large
number of photons needed for
the technique, but because

More ALS science highlights can be found at www-als.Ibl.gov

they operate in a narrow
wavelength band, they can
only probe a narrow range of
molecular vibrations. In other
words, laser light simply can't
give you the flexibility to
explore a spectrum of mixed
molecules.

The capabilities of the ALS
helped the researchers over-
come the laser limitation.
Because the ALS produces
broadband infrared light with a
high photon count that can be
focused to the diffraction limit,
the researchers were able to
couple the synchrotron light to
a metallic tip with an apex of
about 20 nanometers and
produce infrared spectra with
a modified FTIR instrument.
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