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Over the last two decades infrared microspectroscopy has been employed in a wide variety of
disciplines to elucidate chemical information from small spatial domains. Although this method is
mature from an instrumental standpoint, one drawback is the method’s temporal resolution.
Measurements in the mid-infrared spectral region continue to be dominated by interferometers
whose temporal resolution is directly tied to the modulation efficiency of the detector. For example,
a typical mercury cadmium telluride (MCT) detector operates best at an optical path difference
velocity of 1-2 cm/sec. If 4 cm™ resolution is required, the fastest spectral acquisition rate would be
one spectrum every 250-125 milliseconds.

The recent availability of array detectors has led researchers to investigate spectrographs using these
detectors as a means to increase the temporal resolution in infrared spectroscopy [1-7] . Although
array detectors have been available for the past 16 years the overall concept is not new. In 1951
Agnew, Franklin and Ben constructed a prism-based spectrograph using 10 Golay detectors [8]. The
output from the detectors was coupled to an oscilloscope such that real-time data could be observed
from 10 different wavelengths. More recently, Richardson et al. began to investigate the use of a
modern-day InSb array detector in a grating based spectrograph. They reported the ability to collect
a spectrum in 4 microseconds at 32 cm” resolution with a signal to noise ratio (SNR) of 50:1 [1].
They later reported on an improved instrument, which afforded a higher spectral resolution and SNR
while compromising the temporal resolution slightly [2]. Finally, Elmore et al. and Snively et al.
reported on grating based spectrographs using current InSb and MCT technology [4-6]. These latest
advances allowed the method to be applied to diverse systems including monolayer films [5] and
rheo-optical studies of polymers [7].

In our preliminary investigations using a grating based spectrograph and MCT array we found
that the dispersion of the grating and the array size did not complement one another. The high
dispersion of the grating yielded high resolution but the array size limited the spectral range to a
few hundred wavenumbers. Snively increased the spectral range slightly by using an infrared
camera lens affixed to the detector, albeit at increased expense to the system [6]. Due to these
difficulties we decided to explore the use of prisms as dispersing elements which
characteristically have lower dispersion.

A spectrograph was constructed as shown in Figure 1 using a silicon carbide source, 150 mm
focal length source optics, a 300 mm focal length focusing mirror, a sodium chloride prism and a
256 element MCT focal plane array detector. A spectrum of polystyrene shown in Figure 2
illustrates coverage from ~3600 to 1200 cm™ with an estimated spectral resolution of slightly
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less than 16 cm™. This spectrum was collected in ~ 10 seconds and is the average of ~100
spectra down the height of the array.

In light of the success of this arrangement we decided to interface the spectrograph to an
IRPLAN microscope. The typical interface box of the IRPLAN was removed and a 150 mm
focal length mirror was used to collimate the source for input into the microscope. The output of
the microscope was brought to a focus using a 200 mm focal length lens and re-collimated using
a 150 mm focal lens for direct input into the prism. The microscope’s aperture located after the
sample served as the entrance slit for the spectrograph and the sample’s area defining aperture.
Figure 2 illustrates an infrared spectrum obtained on a polystyrene sample under the same
conditions as above using a slit size corresponding to a 10 micrometer sample. A comparison of
this spectrum to that of the macro setup, shows similar coverage but an apparent loss in
resolution. This result is expected due to the fact that the interface between the microscope and
the spectrograph has not been optimized. Finally, although the spectra were collected in 10
seconds, real time images of the detector output clearly showed bands associated with the
polystyrene at a frame rate of 17 milliseconds.
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Figure 1. Optical diagram of the prism Figure 2. Macro infrared spectrum of
spectrograph (top) and real-time image of polystyrene (top) and micro infrared
detector output (bottom). spectrum of polystyrene (bottom).
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