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PHOTOACOUSTIC SPECTROSCOPY OF STRONGLY
ABSORBING SOLINS: BISMUTH TRI-IODIDE
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INTRODUCTION

We found a need to optically characterize bismuth
tri-iodide, BiI3, which has been used in antireflective thin
film coatings on potassium chloride laser windows. We re-
ceived a 7mm thick, 18mm diameter disc shavned sample of
BiI3 which exhibited a dark gray, glassy, metallic appear-
ance. Several commercial spectrophotometers in the
laboratory showed it to be opaque from 0.3um to 50um. We
therefore decided to see if relevant optical data could he
obtained on the sample using an in-house »uilt photoacoustic
spectrometer.

Photoacoustic spectroscoz_:yl'5 (PAS) is a recently
developed technique for obtaininag spectra ¢f solids which
are similar to optical absorption spectra. The main
advantage of the method is that spectra can be obtained

from a wide variety of samples...powders, amorphous solids,
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opacue materials, smears, gels, etc. Many of these types
of samples do not yield meaningful results in conventional
optical spectrophotometers. Thus PAS offers special
advantages when opaque and/or highly scattering samples
are to be studied,

The basic principle of the technicue is the radia-
tionless conversion into heat pulses of periodically
interrupted light impinging on a sample. A aas in contact
with the sample is periodically heated producing pressure
changes detectable as sound. If the gas volume is en-
closed and has a sensitive microphone detector in it,
signals can be obtained using phase sensitive detection.

Very elaborate theories®™?

have been developed to describe
the production of PAS signals. The main point we wish to
show here is that absorption edges can be routinely ob-
tained from materials which otherwise recuire elaborate
sample preparation procedures.
EXPERIMENTAL

The PAS spectrometer used has a single beam tvpe
schematically similar to those described elsewhere.l™®
The light source is a 900 watt xenon lamp in a Schoeffel
Instrument Company housing with a Christie Electric
Corporation power supply. The monochromator is a
Jarrel-Ash Model 82~410 Quarter-Meter Monochromator with

a Model 82-462 Omni Drive, This yields, spectra from

200nm to 1000nm. A Princeton Applied Pesearch (PARC)
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Model 5204 Lock-In Analvzer was used with an Ithaco
Model 167 Preamplifier for signal detection. The chopper
was a PARC Variable Freguency Light Chopper Model 192
with a 20 blade chopper wheel. This offered chopping
frequencies from 50Hz to 2kHz. The chopping freauency
was measured by a Hewlett Packard Model 5304A Electronic
Timer/Counter. The detector microphone was a GenRad
Type 1961-9601 Random Incidence Response l-inch Electret-
Condenser Microphone. Signals were recorded on a
Hewlett-Packard Model 7046A X-Yl-Y2 Recorder.

The photoacoustic signal is directly proportional
to the light intensity incident on the sample.G_9 When
making wavelength dependent studies, a calibration of
the xenon lamp spectral intensity is needed. This is
achieved by making a carbon black sample using a sooty
gas torch flame deposit on an A1203 platelet. It is
assumed to be a flat black ahsorber so that its spec-
trum reflects that of the xenon lamp and associated
optics. The relative spectral features of the resulting
carbon spectrum closely follow that of published xenon
spectra.

The BiI., disc was placed at the end of a PAS cell

3
resting on a gray rubber gasket. The entrance window
of the cell was of Can. A clamp held the window and
sample in place. The lock-in phase was set at 500nm

and the wavelength was swept from 300 to 800nm. The
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chopping frequency used was 316.8Hz, the d. c. pre-
filter time constant was 1.l second, the output time
constant was 1 second, and the sweep rate was 40nm/
minute. The carbon spectrum was taken at 1ll.6Hz
chopping frequency with a d. c¢. prefilter time constant
of 0.1 second, an output time constant of 0.3 second,
and a sweep rate of 100nm/minute. The spectra were
diqitized on a Tektronix 4954 digitizing tablet and
displayed on a Tektronix 4014-1 graphics terminal.
Computer programs were written to divide point-by-point
8o that normalized results were obtainable. In this
case the carbon black signal was used as the reference
in the denominator.

RESULTS AND DISCUSSION

The normalized BiI3 spectrum obtained by the above
procedure is shown in Figure 1. It shows an absorption
edge around 650nm. Some similar related results have
appeared in the literature for specially prepared sam-

1

ples, Evans 0 has reported a room temperature absorp-

tion edge of around 0.62um for a single crystal sample
0.35um thick and for an evaporated £ilm. Tubbsll
studied thin films of thickness 200-600R. He found
the room temperature absorption edge around 0.62um for
a thin film and slightly greater than 0.63um for a

thicker film. Lowering the temperature shifts the

edge to shorter wavelengths. With a 0.lmm thick
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NORMALIZED PHOTOACOUSTIC SIGNAL FROM Bll3 SLAB
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FIG. 1

sample, Shekhmameter12 found the absorption increasing

rapidly beginning near 616nm at 4.2 °k. His samples

were too absorbing to see the edge. Vashchenko and
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Timofeevla’14

used reflection spectra because they
claim preparing properly thin samples created tech-
nically insurmountable problems and found an edge at

15 have

2,0 eV or 0.62um at 293 %K. Komatsu and Kaifu
done more careful measurements along the same lines
and find an edge at 1.97 eV or 0.630um. Schieber

et al16

prepared crystals after four or five cycles of
vapor phase purification. They found an absorption
edge around 0.69um on a 0.076mm thick sample, The
results obiained here are in general agreement with
values obtained with very thin samples necessary for
other optical absorption techniques. 1In conclusion

we can say that by using photoacoustic spectroscooy
one can routinely obtain absorption edges on highly
absorbing materials without resorting to any special

sample preparation procedures.
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