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In the early 1990s, scientists at NIH
were developing new chemical-specif-
ic imaging technologies to look at

biological tissues for applications such as
pathology and diagnostics. The meth-
ods combined spectroscopic tech-
niques like IR and Raman with
digital imaging technology to gener-
ate contrast derived directly from
inherent chemical signals from the
heterogeneous tissues. “In the early
days,” says E. Neil Lewis, an NIH
researcher at the time and current
CEO of Spectral Dimensions (Olney,
MD), “there would be a lot of inter-
est, but people would say, ‘They’re
pretty pictures, but so what?’” 

Today, chemical imaging has
become a commercialized technique
with high prospects. This has become
a reality partly because of techni-
cal enhancements, but also because,
according to Lewis, “other people
got interested in this.” Although
biomedical chemical imaging remains
a promising application, its poten-
tial has not yet been fully realized.
On the other hand, analyses in areas such
as polymers, semiconductors, and phar-
maceuticals have quickly put the “so
whats?” to rest.

Pixels Perfect
Commonly, for heterogeneous materials like
tablets or polymer blends where distribu-
tion is of equal importance to composition,
the validity of a bulk spectrum is roughly
verified by repeating the analysis on two
or more different regions of the sample.
Recording spectral features as a function
of position via point-by-point step-scan-
ning can form the basis of a chemical image,
but the resolution is low (dependent on
laser beam width), and this is very time-
consuming (more points take longer). 

Developments in a few important tech-

nologies at NIH, however, have made it
possible to simultaneously collect spatial-
ly resolved data from global, or wide-field,
illumination of an entire sample. “One of

the very key developments that took place
in the 1990s,” says Patrick Treado, a former
member of the NIH lab and the current
president of Chemicon (Pittsburgh), one of
the first companies to capitalize on chem-
ical imaging technology, “was the appli-
cation of liquid crystal-based imaging spec-
trometers to Raman chemical imaging and
near-IR chemical imaging.” Wide-field illu-
mination spectra that are passed through
a liquid crystal tunable filter (LCTF) can
be broken down into discrete spatially
resolved spectra. The wavelengths that can
pass through LCTFs are tuned precisely and
rapidly by adjusting potentials applied to
crystal wave plates, so only the desired
wavelengths are used to construct the image
(wavelength resolution <10 cm–1). 

The other crucial technology, accord-

ing to Treado, is multichannel array detec-
tors such as silicon-based charge-coupled
detector (CCD) cameras for visible wave-
length detection (including Raman scat-
tering) and IR-sensitive cameras such as
indium–gallium–arsenic focal plane arrays
used for near-IR detection. These devices
can include from tens to hundreds of thou-
sands of micrometer- to nanometer-sized
pixels; combined with LCTFs, they can

produce tens to hundreds of thou-
sands of spectra, often in about a
minute. (For another approach to
image analysis, see Computing and
Chemistry, p 21.)

See the Pseudocolor
The direct results from this type of
analysis can be visualized in a data
cube, as rendered in Figure 1. There
are two spatial dimensions with 
an associated spectrum for each
spot and one spectral dimension
with an associated image for each
wavelength. The image can carry
distribution information about a
chemical component with a distin-
guishable spectral signature at a
particular wavelength by mapping
the spectral intensity contrast onto
red, green, and blue (pseudocol-
or) digital channels (e.g., red for
high intensity, green for medi-

um, and blue for low to none).
However, these “pretty” and function-

al pictures just scratch the surface of what
this duality of data can reveal. When
analyzing complex heterogeneous mate-
rials, an image obtained at a single wave-
length will not usually answer many ques-
tions. The overall image patterns obtained
at several wavelengths must be pieced
together to depict the analyte make-up
accurately. Accomplishing this efficiently
has been a major focus of research in the
field. “Our instrumentation,” says Lewis,
“spits out 81,900 spectra, depending on
the application, in a minute or less. You
need good software tools to be able to comb
through that data. Many of the challenges
have been in how to mine that data set
for the important information as opposed
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Not Just Another 
Pretty Picture

Chemical imaging technologies provide a new
outlook in applications ranging from polymers 
to semiconductors to pharmaceuticals. 

FIGURE 1: In the data cube above, the spectrum shown is
intensity vs wavelength for one pixel; the image represents
intensity vs position for one wavelength. 



to trying to [sift] through one spectrum
at a time.” As can be seen in recent success-
ful chemical imaging applications, a mix
of statistical strategies, particularly multi-
variate chemometrics, is required to meet
these challenges.

Car Bumpers and Computer Chips
One such example is work done by Treado
and other collaborators, including
researchers at Visteon Automotive Systems
(Dearborn, MI), an enterprise of Ford Motor
Company Plastics, on using wide-field Raman

imaging as a nondestructive analysis
technique for thermoplastic olefins (TPOs)
used in car bumper materials (1). TPOs are
blends of polypropylene (PP) and ethyl-
ene–propylene rubber (EPR) and are gener-
ally coated with chlorinated polypropylene
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FIGURE 2: a. Pseudocolor Raman image shows the distributions of polypropylene (PP), ethylene–propylene rubber (EPR), and chlorinated
polypropylene (CPO) primer in the cross section of a thermoplastic olefin (1). b. Images compiled from complementary Raman and near-IR
imaging data explain why some drug tablets stick to the press: batches where the inorganic binder (green) clumps (left) stick less than
when the binder is evenly distributed (right) (4). 
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(CPO) primers. The researchers were able to
produce image contrast in the Raman finger-
print region (1260–1400 cm–1). They used
a chemometric approach called cosine corre-
lation analysis (CCA), which assesses subtle
spectral shape similarities among data
sets by correlating them to pure compo-
nent spectra references (in this case, of
PP, EPR, and CPO). Thus, CCA-derived inten-
sities could be generated for each of the
three components at each pixel in a 512 ×
512-CCD array. Mapping them into pseudo-
colors produced the image in Figure 2a.
Among other findings, this experiment
established for the first time the occurrence
of EPR blooming the migration of the
rubber to the surface of the material upon
application of the primer—that allows
the primer to adhere properly. 

Chemical imaging has also shown its
colors in the high-tech arena of silicon
semiconductors. Precisely and nonde-
structively monitoring semiconductor
manufacturing is vital to maintaining stan-
dards in this intricate process. Treado has
demonstrated Raman imaging for this
purpose, this time with colleagues from
NIH and Eastman Kodak (Rochester, NY;
2). In this application, the spectral compo-
nent is very simple: a Raman peak at about
520 cm–1 represents silicon crystals. The
difficulty is in differentiating microcrys-
talline, polycrystalline, and single-crys-
talline silicon (which vary in peak shape)
throughout the integrated circuit, which
is an important measure of the strain distri-
bution. Using a center-of-mass (COM)
approach in which the COM was analyzed
at each pixel to discriminate between the
520-cm–1 spectral shapes, each of the crys-
talline varieties were resolved spatially. The
images can be used in conjunction with
electron microscopy to quantify grain
size and strain distribution in the circuits. 

Pharma Photos
“I would say the big home-run application
has been pharmaceuticals,” notes Lewis,
whose company focuses on near-IR imag-
ing. Tablets and inhaled drugs generally
consist of the active ingredient incorporat-
ed into a potentially complex matrix of
excipients that affect drug delivery, flavor
masking, and product stabilization. The
distribution and sufficient blending of the
ingredients are vital to the consistent and
effective functioning of the medicine. In
addition, problems with the formulation can
often cause problems with manufacturing,
such as material sticking on the tablet press.

Currently, the FDA is attempting to deal
with this systematically by pushing an
industry-wide “Process Analytical Tech-
nology” initiative that encourages more
continuous, on-line product analysis during
manufacturing. Chemical imaging has
surfaced as a promising, rapid, nonde-
structive approach to fulfill this need—
one that can build on the role conven-
tional spectroscopy has played in
pharmaceutical analysis for some time. “We

can solve many of the matrix problems that
[formulation scientists] encounter,” says
Lewis, “including mixing, blending, unifor-
mity problems, particle size problems, [and]
agglomeration problems.”

For instance, in a recent study, Lewis
teamed up with FDA scientists to assess
blend uniformity of an active ingredient
and single excipient tablet mixture (3).
Multivariate partial least squares (PLS)
analysis, which fits spectral contrast data
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to training sets to make compositional
assignments, was used to generate images
that could be used to quantitatively meas-
ure uniformity by calculating the standard
deviation of PLS “scores” for each pixel. 

In perhaps a more real-world demon-
stration, scientists from Pfizer Global
Research and Development (Kent, U.K.) used
what they called “chemical image fusion”,
in which they combined Raman and near-
IR image data taken from the same tablet
sample areas into a single software analy-
sis (4). Through a mixture of peak picking
and statistical techniques, the researchers
assigned unique spectral elements to each
of the five formulation ingredients. They
produced detailed images (Figure 2b) for
distribution and quantitative particle size
analysis and were able to determine the like-
ly cause of the tablet sticking problems that
had plagued some batches.

Outlook: A Pretty Picture
Near-IR imaging, according to Lewis, is now
“primarily a laboratory troubleshooting
tool” in pharmaceutical companies. But,
he says, it is becoming part of a more

routine analysis and moving toward a
“turnkey” functionality for real-time process
monitoring. Generally, chemical imaging is
being adopted in a range of additional
industries, including polymers and semi-
conductors, food analysis, biological threat
applications, and forensics. And as the soft-
ware tools become more adept at making
data processing with techniques such as
CCA, COM, and PLS more seamless and user-
friendly, interest will continue to grow.

But whatever happened to the tech-
nology’s roots: biomedical tissue imag-
ing? This is still a very highly sought appli-
cation by those in the industry, such as
Treado and Lewis, but, says Treado, it “is
still somewhat futuristic because there is
no FDA-approved technology.” And there
are significant limitations for near- and
mid-IR in this area because of the strong
interference that can result from water
absorbances (a major component in biolog-
ical samples). On the other hand, accord-
ing to Treado, Raman chemical imaging
has the demonstrated capability of assess-
ing disease tissue of breast cancer and other
forms of cancer versus normal tissue

without the use of invasive and expen-
sive contrast agents. “I think it is realis-
tic to say that this is a future important
use of chemical imaging.”

Wherever the future for this technolo-
gy leads, it seems clear that its value has
moved well beyond the purely aesthetic.
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