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T
he concept of step-scan mid-infrared
inter ferometr y dates back to the
1960s when the first optoelectroni-
cally controlled step-scan interferom-
eter was reported (1). In contrast to

the linear change of the optical path dif-
ference (retardation) in a conventional
continuous-scan interferometer, the retar-
dation changes stepwise in a step -scan
Fourier transform–infrared (FT-IR) spec-
trometer. Step -scan FT-IR spectroscopy
eliminates the time dependence of the in-
terferogram and temporal Fourier fre-
quencies created by a continuous scan.
This makes step-scan FT-IR spectroscopy
a very powerful tool for studying time-
and phase-dependent phenomena (2).
However, because of the growing accep-
tance of commercial continuous-scan in-
struments and the lack of exploration of
step -scan applications, continuous-scan
FT-IR spectroscopy was the only commer-
cial product available for many years be-
fore serious commercial step -scan inter-
ferometer development took place (3–5).

Research interests in photothermal–
photoacoustic IR spectroscopy and dy-
namic time-resolved spectroscopy in the
late 1980s led to development activities of
step-scan instruments both academically
(6) and commercially (3). However, the
use of a step-scan interferometer was ini-
tially limited to only a few research labo-
ratories because the earlier step-scan in-
ter ferometers were ver y sensitive to
environmental vibrations and had rela-
tively poor mirror-position control. Step-
scan FT-IR spectroscopy has increased in
popularity among researchers in both
academia and industry since the early
1990s. The driving force behind this pop-
ularity is the extensive pioneering work
performed in advanced dynamic spectro-
scopic applications. The commercializa-
tion of a step-scan spectrometer with a ro-
bust, digital signal processor (DSP);

precise mirror-position control; and turn-
key operation has made step-scan FT-IR
the technical choice for a variety of appli-
cations in chemistry, physics, materials,
and biomedical fields (10–12). 

MODERN STEP-SCAN INTERFEROMETRY
The spectroscopic data reported in this
article were collected by using either a
Thermo Nicolet ( Madison, WI ) Nexus
870 step-scan interferometer or its prede-
cessor, the Magna-IR 860. The Vectra-
Piezo air-cushioned graphite interferome-
ter is the heart of both the Nexus 870 and
Magna-IR step-scan spectrometers. This
interferometer reserves some of the key
per formance characteristics of an air
bearing and offers many advantages for
step-scan capabilities. It uses the compu-
tational power of the multiembedded digi-
tal signal processors for many interferom-
eter functions, including step -and-hold
servo controls, dynamic alignment, mod-
ulation–demodulation signal generation,
and bench routine diagnostics. The prop-
erly existing non-zero friction of the air-
cushioned interferometer with full DSP
control allows the moving mirror to stop
completely for step-scan data collection.

The Nexus 870’s dynamic alignment
keeps the interferometer in nearly perfect
alignment during a scan and improves the
line shape for high-resolution scans. Dy-
namic alignment actively compensates for
any potential optical misalignment caused
by ambient temperature changes or envi-
ronmental vibration disturbances. This is
achieved by monitoring the signal phases
of two orthogonally located and one cen-
trally located dc-coupled laser detectors at
each mirror position (step). The dynamic
alignment is active during the mirror pre-
settling of each step. This ensures that the
same phases between the three laser de-
tectors are identical to the previous step. It
becomes inactive when the moving mirror
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comes to a complete stop for data
collection.

The designs of the interferometer and
the advanced DSP control algorithms
make the Nexus 870 spectrometer nearly
immune to ambient acoustic noises or vi-
brations. As shown in Figure 1, the mir-
ror position accuracy of the Nexus 870
spectrometer (�0.2 nm) was calculated
with the peak-to-peak noise of the laser
signal that was measured when the in-
strument was placed on a regular labora-

tory table. The low peak-to-peak noise is
a critical performance requirement to en-
sure all step -scan experiments have a
high signal-to-noise ratio.

In addition, the open architecture de-
sign of step-scan experiment modules al-
lows easy accommodation to new experi-
ments. The high degree of integration
also allows all FT-IR users to employ ad-
vanced step -scan techniques effectively
without having to be instrumentation
specialists. 

STEP-SCAN FT-IR APPLICATIONS
Applications of step -scan FT-IR can be
classified into three primary categories:
• Phase-resolved spectroscopy (PRS), or

modulation experiments
• Time-resolved spectroscopy (TRS)
• Space-resolved spectroscopy (SRS), or

array detector–based imaging.
Data-acquisition schemes for all three

types of experiments are illustrated in Fig-
ure 2. At each mirror position, the data in
Figure 2 were collected at 0° (in-phase)
and 90° (quadrature) in step-scan PRS; at
time intervals defined by the digitizer in
TRS; or from all detector elements (pixels)
in SRS. Interferograms corresponding to
each phase, time, and detector element
were constructed and phase-, time-, and
space-resolved spectra were then com-
puted by performing a fast Fourier trans-
form on the interferogram data sets. 

I. STEP-SCAN PRS — MODULATION
EXPERIMENTS
Experiments in step-scan phase-resolved
spectroscopy include three types of mod-
ulation techniques: amplitude modulation
( IR intensity chopping), phase modula-
tion (mirror dithering along retardation
or path difference modulation), and sam-
ple modulation (sample under an exter-
nal, usually sinusoidal, physical perturba-
tion). In step-scan PRS experiments, the
raw detector signal is demodulated by an
external lock-in amplifier, a dedicated de-
modulator, or an internal DSP circuitry-
based demodulator at the modulation fre-
quency. The orthogonal outputs at phase
angles 0º (in-phase) and 90º (quadrature)
are then digitized simultaneously. Typical
application examples of each modulation
technique include the following.

Amplitude modulation — electrolumines-
cence. In a step -scan amplitude modula-
tion (AM) experiment, the intensity of
the IR beam is modulated periodically ei-
ther by chopping, synchronously varying
the emission of a sample, or exciting the
sample with synchronously var ying
sources. In all these cases, the energy hit-
ting the detector varies at a constant fre-
quency. The raw signal from the detector
is first fed externally to a lock-in amplifier
referencing the same modulation fre-
quency. The maximized in-phase output
signal is then digitized, recorded, and
Fourier transformed to obtain a step-scan
AM spectrum. 

One typical application of step-scan AM
is the characterization of electrolumines-
cence of light-emitting devices in the mid-

Figure 1. The mirror position accuracy of a Nexus 870 spectrometer was calculated from the
measured peak-to-peak noise of the He-Ne laser signal: d� � �0.5(633/4�)(0.17/20) �
�0.2 nm. 

Figure 2. The data acquisition schemes for phase-, time-, and space-resolved step-scan FT-IR
experiments (from left to right). Interferograms corresponding to each phase, time, and de-
tector element are recorded as the mirror steps. Thus phase-, time-, and space-resolved
spectra are obtained by fast Fourier transform. 
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and near-IR (NIR) region, with less restric-
tion on the modulation frequency range.
The Fourier frequency is eliminated in
step-scan AM, and the modulated electri-
cal or optical excitation with a desired sin-
gle frequency is applied to the entire spec-
trum. This allows the device modulation to
be tuned in a relatively wide range from
�10 to 100 kHz. In contrast, if a continu-
ous scan mode is chosen, the device fre-

quency should be at least a factor of 10
times higher than the fastest Fourier fre-
quency: F � 2v� in the spectral region of
measurement spectrum, where v is mirror
velocity (cm/s) and � is IR frequency
(cm�1). This requirement restricts the
range of electrical or optical modulation
frequencies to be used to produce emis-
sion output, particularly in the lower mod-
ulation frequency range (�10 kHz). 

Figure 3 shows a 0.5-cm�1 resolution
step-scan electroluminescence spectrum
from an iron-doped indium gallium arsenic
phosphide (Fe:InGaAsP) light-emitting
device (LED) (13). The emission power is
on the order of 10 nW, which requires low
duty cycles or low modulation frequency.
Bands at high wavenumbers near 2825
cm�1 are attributed to intracenter transi-
tions within the 5D states of the Fe2	 ions
substituted for indium and isotopic shift
(54Fe/56Fe). Bands between 2600 and
2500 cm�1 are phonon sidebands that are
associated with different acoustic, optic,
and localized vibrational modes. The ad-
vantage of step -scan AM measurements
on miniature and lowpower output is evi-
dent in the quality of the high-resolution
spectrum. 

Phase modulation — photoacoustic spectral
depth profiling. In the Nexus 870 Vectra-
Piezo step-scan interferometer, the phase
modulation (PM) is produced by dithering
the fixed mirror along retardation direc-
tion at a constant frequency. The DSP-con-
trolled piezoelectric transducers actuate
this dithering. The term “phase modula-
tion” comes from the fact that the optical
path difference modulation, or dithering,
actually modulates the derivative, or
phase, of the IR intensity. This design of
the Vectro-Piezo step-scan interferometer
allows PM frequencies and amplitudes to
vary over the wide range typically needed
for both NIR and mid-IR PM experiments.
The design is also more flexible than sys-
tems that use ac-coupled interferometers.
The reproducibility, stability, reliability,
and flexibility of the Piezo-driven mirror is
better than systems which rely on moving
a much heavier moving mirror assembly
for PM, due to easy DSP control of a rela-
tively lighter fixed-mirror assembly. 

One of the most advantageous applica-
tions of step -scan PM is photoacoustic
spectral depth profiling (14). Photo -
acoustic spectroscopy (PAS) has gained
much attention and popularity recently in
chemical analysis because of a unique
combination of features: 
• Nondestructive, noncontact measurement
• Simple sample preparation
• Depth profiling (resolving) capability
• High signal saturation limit.

Photoacoustic signal generation in-
cludes absorption of modulated optical il-
lumination (modulation frequency within
an acoustic range) by the sample, ther-
mal diffusion from within the sample to
the adjacent medium (usually helium),
and pressure oscillation of helium. The
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pressure wave (sound) is then detected
using a ver y sensitive microphone. In
PAS, a strong absorber across the spec-
tr um such as carbon black, carbon
black–filled materials (the content of car-
bon black must be more than 60%), or
glassy carbon black is used to produce an
energy profile of the instrument for inten-
sity normalization of the sample PAS

data. In recent experiments, the glassy
carbon has proved to be an excellent sur-
face phase reference material in depth
profiling analysis (15). 

When a photoacoustic sampling acces-
sory (with a microphone built in as the
detector) is coupled with a step-scan PM
FT-IR, it becomes a very distinctive and
power ful tool for obtaining depth-
profiling information of heterogeneous or
laminate samples. First, in a step -scan
FT-IR PAS experiment, a uniform prob-
ing depth across the entire spectrum is
achieved by using a constant PM on the
fixed mirror. This provides an advantage
over continuous scan FT-IR PAS, where
the probing depth is wavenumber depen-
dent. The DSP processors are used to
perform the PM and demodulation re-
quired in photoacoustic experiments
without the need of an external lock-in
amplifier. The PM frequency determines
the photoacoustic probing depth (in-
versely proportional to the square root of
PM frequency) and the PM amplitude,
which is expressed in terms of the He-Ne
laser wavelength (
HeNe), defines the

modulation efficiency and affects the en-
ergy profile over the entire spectrum.

Under a typical setting, the PM fre-
quency of 100 Hz and the PM amplitude
of 3.5 
HeNe, the probing depth (thermal
dif fusion length), �, for most homoge-
neous organic polymers is 18 �m, (� �
180/[f]1⁄2 {11}, where f is the modulation
frequency and the unit for � is microme-
ter) and the energy profile optimizes mid-
IR spectral measurements. When hetero-
geneous– layered samples are involved,
the actual probing depth can be as deep
as 2 � (twice the thermal dif fusion
length) if the overlayer is acting as an IR
transparent window over the absorption
region of the underneath layer (16). Thus
by changing PM, one can obtain fre-
quency-resolved depth profiling results. 

Secondly, photoacoustic signal phase
(�) can be easily derived from the or-
thogonal in-phase (I) and quadrature (Q)
spectra in a step-scan FT-IR PAS experi-
ment by � � tan�1(Q/I), which is not
readily available from continuous scan
PAS. The phase of a photoacoustic signal
characteristically represents its spatial

Figure 3. 0.5-cm�1 resolution step-scan
electroluminescence spectrum of an iron-
doped indium gallium arsenic phosphide
(Fe:InGaAsP) LED. The emission power is
on the order of 10 nW, which requires low
duty cycles or low modulation frequency.
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origin. A photoacoustic signal from a
deeper layer (part) will be detected later
than those from a shallower layer (part).
The relationship has been quantitatively
elucidated in the photoacoustic phase
theory for multilayer materials (17). 

One of the important advantages of us-
ing photoacoustic signal phase in depth
profiling is the enhancement of spatial
resolution (as high as the submicrometer
level, beyond the IR dif fraction limit)
within a given probing depth determined

by modulation frequency and materials
properties. Figure 4 illustrates the pho-
toacoustic magnitude (top) and phase
spectrum (bottom) of a three-layered
sample, polymethyl methacr ylate
(PMMA) on polystyrene (PS) on 2-mm
polypropylene (PP), collected at 200 Hz
and 3.5 
He-Ne. Both of the top two layers
are 
0.5 �m thick. The phase spectrum
clearly distinguishes characteristic bands
from different layers by the phase angles;
for example, the relative phase lags of
0.1°, 3°, and 18° correspond to distinc-
tive bands of PMMA (1727 cm�1, C�O
stretch), PS (748 cm�1, aromatic C–H de-
formation) and PP (1376 cm�1, C–H de-
formation), respectively. In addition, the
top two layers fit the phase dif ference
model well for thermally thin and opti-
cally transparent layers (17). The thick-
ness of the PMMA layer, dPMMA, can then
be determined by the phase dif ference
model: dPMMA � �200 Hz �� � 12.7(3 �
0.1)(�/180) � 0.6 �m. This is very close
to the actual thickness of about 0.5 �m.
PAS clearly can discriminate submicrom-
eter layers using the phase information.
This detection capability is certainly be-
yond IR diffraction limits as seen in IR mi-
croscopic analysis.

As reported and reviewed earlier, a few
other depth profiling analysis approaches
have been used in FT-IR PAS, such as
time-resolved FT-IR PAS, generalized 2-D
F T-IR PAS, and linearized F T-IR PAS
(19–21). The frequency-resolved and
phase-resolved FT-IR PAS are presently
the most popular approaches in practical
applications. 

Sample modulation — polymer stretching.
Because step -scan FT-IR decouples the
time-dependent Fourier ef fect, it has
been demonstrated to be the technical
choice to obtain dynamic spectral infor-
mation from samples under a repeatable–
sinusoidal modulation of a physical para-
meter (14). These parameters can be of
any physical quantity, such as mechanical
strain, electric potential or temperature,
and so forth. Usually, the frequency of
sample modulation is small (�20 Hz),
thus a faster carrier frequency, such as
PM (�400 Hz), is simultaneously em-
ployed to increase the responsibility of
sensitive mercur y cadmium telluride
(MCT) detectors and reduce or eliminate
1/f noise. Sample modulation is thus re-
ferred to as a synchronous multiple modu-
lation experiment because it usually in-
volves two or three modulations
concurrently applied to the system. 

Figure 5. Absorbance (top), dynamic in-phase and quadrature spectra (bottom) of a polyeth-
ylene (PE)–ethylene-vinyl acetate (EVA) blend film composed of 7.6-�m PE on 29-�m EVA
(9% vinyl acetate) on 4.6-�m methyl acrylate Sarun on 22-�m EVA (11% vinyl acetate),
lower-density PE blend.

Figure 4. Photoacoustic magnitude (top) and phase spectrum (bottom) of a three-layered
sample, 
0.5-�m polymethyl methacrylate (PMMA) on 
0.5-�m polystyrene (PS) on
2-mm polypropylene (PP), collected at 200 Hz and 3.5 
He-Ne. The characteristic bands of
PMMA, PS, and PP are located at 1727 cm�1, 748 cm�1, and 1376 cm�1, respectively.
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One of the typical applications of FT-IR
sample modulation is the polymer stretch-
ing experiment. This experiment has been
studied extensively in dynamic mechanical
analysis (materials rheology). The pur-
pose of applying FT-IR to this experiment
is to determine the microscopic (molecu-
lar) basis for macroscopic (rheological or
viscoelastic) properties. In particular, this
refers to the degree of association in poly-
mer blends, coherence of functional group
motions within molecules, resolution of
closely spaced bands, and quantitative cor-
relation between macroscopic and micro-
scopic phase delays.

In this experiment, the stretcher can
be mounted directly on a base plate in the
sample compartment, because the Vectra-
Piezo interferometer is virtually immune
to vibrations. The sample is mounted be-
tween the two jaws of the stretcher. One
jaw is driven by a piezoelectric transducer
to produce a sinusoidal mechanical strain
at the frequency and amplitude set by the
controller. 

Initially, dynamic FT-IR polymer stretch-
ing experiments required two lock-in am-
plifiers (22, 23). One amplifier demodu-
lated the raw signal of the PM and
maximized the in-phase output, and the
other demodulated the signal of the sam-
ple modulation. Modern step-scan FT-IR
greatly simplifies this complicated experi-
ment by using the circuitry of multiple
DSPs (12). The DSPs may be perceived as
internally built-in, digital lock-in amplifiers
with large dynamic ranges. The open ar-
chitecture design of the DSPs also allows
easy accommodation to any other sample
modulation experiment with different per-
turbations, such as electrochemical reac-
tions (24) and liquid crystal dynamics (25). 

In the polymer stretching experiment,
an ideal elastic reference — a chopper
(which can be built easily by mounting

two small pieces of business cards to the
two jaws of the stretcher, leaving a rea-
sonably small gap in between. This gap
can be adjusted to increase the modula-
tion efficiency) is used to set the refer-
ence phases for each DSP demodulation,
such that the in-phase responses of both
the phase and sample modulations are
maximized. This maximizes the elastic re-
sponses of the sample in the in-phase
channel because the IR intensity varies si-
multaneously with the chopper. 

Figure 5 shows the absorbance
spectr um and dynamic in-phase and
quadrature spectra of a polyethylene
(PE)–ethylene-vinyl acetate copolymer
(EVA) blend film. This film is composed
of 7.6-�m PE on 29-�m EVA (9% vinyl ac-
etate) on 4.6-�m methyl acrylate Sarun
on 22- �m EVA (11% vinyl acetate), low-
density PE blend. The data in Figure 5
were collected at a PM frequency of 400
Hz, amplitude of 3.5 
He-Ne and a sample
modulation frequency of 20 Hz. The sam-
ple was prestretched from 63.2 �m to 45
�m in thickness so that the intensity of
bands of interest at 1371 cm�1 (EVA–PE),
1044 cm�1 (EVA), and 723 cm�1 (PE)
were all less than 0.75 absorbance units,
ensuring linearity of the dynamic mea-
surement. The dynamic spectra show
that the side chain bands at 1371 cm�1

(EVA–PE, C–H bending) and 1041 cm�1

(EVA, C–O stretching) have stronger
quadrature contributions, indicating they

are the major viscous component of the
overall rheological properties. The very
strong in-phase dynamic band at 723
cm�1 ( PE, C– C skeletal vibration)
demonstrates strong elastic contribution
of the backbone (C–C) to the rheological
properties of the blend material. How-
ever, the difference in rheological contri-
butions from the pure PE layer and from
the PE component of the blend layer can
hardly be distinguished using the trans-
mission-based stretching measurement.
A more sophisticated attenuated total re-
flectance-based pressure–shearing modu-
lation experiment, as described earlier
(26), might be the preferred technical
choice to discriminate between the subtle
differences in dynamic responses. 

Other data analysis approaches used in
polymer stretching experiments include
conventional 2-D–IR correlation (27) and
phase and power (magnitude) spectral
analysis (28). In addition, the dynamic
polymer stretching experiment can be
easily extended to study dynamic
dichroic properties of polymeric materi-
als by coupling the step-scan DSP-based
stretcher setup with a photoelastic
modulator. 

II. STEP-SCAN TIME-RESOLVED
SPECTROSCOPY
Step -scan time-resolved spectroscopy is
well suited to obtaining spectral and ki-
netic information on fast, repeatable

Figure 6. Spectral slice at 10 ns of photo-
induced chemical reaction taken from a
four-scan, 2-h step-scan TRS data
collection. 

Figure 7. Spectral imaging plane at 1741 cm�1 (C � O stretching) and two single-pixel (60 �m �
60 �m) spectra extracted from the polypropylene and the organic sheet domains,  respectively.
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chemical reactions or physical processes
with time resolutions from microseconds
to nanoseconds. In step -scan TRS, data
are collected as an explicit function of
time at each mirror position when both
mirrors are stopped completely, as illus-
trated in Figure 2. This time profile is re-
peated and recorded at all mirror posi-
tions. After the experiment finishes, the
data are sorted into individual interfero-
grams that are then transformed into IR
spectra at different times. The meaning-
ful time resolution of step-scan TRS is de-
termined by both the speed of the digi-
tizer and the rise time of the detector,
rather than by the scanning (stepping)
speed. 

Multiple triggers and coadditions at
each mirror position, together with multi-
ple scans, are often used to improve sig-
nal-to -noise ratio. The step -scan TRS
spectrometer can be operated either in
master operation mode (where the spec-
trometer triggers the excitation system of
the sample) or slave mode (where the ex-
citation system triggers the spectrome-
ter). An external perturbation-induced re-

versible system can be readily studied by
step -scan TRS. Irreversible systems can
also be investigated by step -scan TRS if
the process can be regenerated by mov-
ing a fresh sample into the beam for each
mirror position (step) with a motorized
stage or a stop-and-flow cell (29, 30), or a
motorized stage (31).

The repeatable reactions or processes
are often initiated with an external pertur-
bation. External perturbations used in
step -scan TRS vary in different applica-
tion areas. The most common perturba-
tions include 
• Electric perturbation (32) — an elec-
tric pulse used in studying materials such
as liquid crystals, polymer-dispersed liq-
uid crystals, LEDs, or laser diodes
• Mechanical perturbation (33) — me-
chanical strain or pressure used in poly-
mer stretching and shearing experi-
ments; rapid mixing used in stop-and-flow
kinetics
• Optical perturbation (34–36) — a laser
or flashlamp pulse used in photochemical
studies (excited states of metal com-
plexes and photochemical reactions

in condensed or gaseous phase)
and biophysics (photocycles of
bacteriorhodopsin)
• Thermal perturbation (37) — tempera-
ture jumps used in biophysics studies
(protein conformational changes).

An example application of step -scan
TRS is the study of the reversible chemi-
cal reaction (36) illustrated in Figure 6.
W(CO)5(Xe) was generated in situ by a
308-nm laser pulse in a supercritical Xe
and CO solution. The lifetime of this reac-
tion is �100 ns, thus the spectra can only
be measured by FT-IR in step-scan mode.
The difference spectrum shown in Figure
6 is a 10-ns time slice of the TRS spectra
from a four-scan data collection, indicat-
ing a decrease in concentration of the
reactant.

III. STEP-SCAN SPACE-RESOLVED
SPECTROSCOPY — IMAGING 
In a step -scan space -resolved spec-
troscopy (SRS) imaging system, a DC-
coupled focal plane array IR camera with
MCT or InSb arrays is used. At each in-
terferometer mirror position, a trigger
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signal is sent to the camera to collect a se-
ries of interferometric frames from all
pixels. The image frames are then aver-
aged for each retardation position (38).
Multiple scans can also be used to im-
prove the overall signal-to-noise ratio.
The interferometric image data are then
resorted or resolved by detector element
(pixel) location, and then Fourier trans-
formed. In this manner, the space -re-
solved spectra or spectral images at dif-
ferent wavenumbers can be generated. A
new imaging system, ImageMax
(Thermo Nicolet), combines the latest
technologies for the interferometer, mi-
croscope, and imaging into a single inte-
grated system. The ImageMax, based on
a Nexus 870 step -scan spectrometer, is
designed for both routine and advanced
imaging data collection, processing, and
quantitation. 

The ImageMax system can be used to
visualize the spatial distribution of dis-
tinct chemical species in a variety of sys-
tems. Massive imaging data sets can be
recorded with the system in a fraction of
the time required by a traditional map-

ping experiment. The ImageMax accom-
modates both transmission and re-
flectance illumination modes for imaging
in microscopic mode (400 �m � 400 �m)
as well as for large area samples (4 mm �
4 mm), without having to relocate the ar-
ray detector. The most popular MCT
focal-plane array detector has 64 � 64
pixels with a long wavelength cutoff at ap-
proximately 900 cm�1. 

The average spatial resolution for mid-
IR can be as high as 5 �m for micro sam-
pling and 50 �m for macro sampling. The
versatile imaging data acquisition and
analysis software packages with univari-
ate and multivariate approaches, as well
as statistical representations, of fer the
power and convenience of sophisticated
quantitative imaging analysis. Wide appli-
cations of this powerful technique to the
analysis of heterogeneous samples have
been found in fields of biomedical, life,
and materials sciences (39–41), as well
as in many other potential fields such as
pharmaceutical characterizations. 

Figure 7 shows the spectral imaging
plane at 1741 cm�1 (C�O stretching) and

two single-pixel (60 �m � 60 �m) spec-
tra extracted from the polypropylene and
the organic sheet domains respectively.
The data were collected in the macro re-
flectance mode with a 64 � 64 MCT array
detector. The spatial distribution of the
organic sheet (with C�O) is highlighted
in the image. The spectra at different spa-
tial locations or images at dif ferent
wavenumbers can be easily extracted or
constructed by using the imaging soft-
ware. Other advanced quantitative and
statistic imaging data analysis tools such
as principal component analysis, partial
least squares regression, and fuzzy C-
means clustering and factor analysis are
also available in the software package.

SUMMARY AND FUTURE TRENDS
From an old concept to modern instru-
ment redevelopment, step-scan FT-IR has
been gaining popularity among re-
searchers and analysts during the past
decade. The technology advancement has
featured the extensive implementation of
multiple digital processors in modern
step -scan FT-IR spectrometers. The air-
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cushioned graphite vectra-piezo interfer-
ometer design has improved the stability,
reliability, and performance of the mod-
ern step -scan FT-IR spectrometer and
widened FT-IR applications to many ar-
eas. Broad applications of step -scan FT-
IR in studying phase-, time-, and space-
dependent phenomena have been
demonstrated with typical examples.
These include electroluminescence
measurement of low-powered light-
emitting devices; depth profiling of
submicrometer-thick multilayered poly-
mer films; dynamic rheological character-
ization of polymer blends; fast chemical
reactions on the nanosecond time scale;
rapid and massive imaging data acquisi-
tion, and analysis of heterogeneous sam-
ples. The technological advancement in
fast electronics, digital signal processing,
alternative IR radiation sources, and sen-
sitive and quantitative detectors will con-
tinuously improve the performance and
widen the applications of modern step -
scan FT-IR in years to come. 
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