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Availability of "Brownlee" particles of probable extraterrestrial origin 
(1) has prompted us to begin investigating the optical spectra of small parti- 
cles. Features in the near ultraviolet, visible, and infrared spectra can be 
used to determine chemical and mineralogical compositions. Laboratory data on 
these particles may beable to help identify the components responsible for 
features in telescopically observed spectra of interstellar diffuse clouds and 
reflectance spectra of solar system objects. Techniques we are developing may 
be useful for remote sensing of comets, planets and asteroids. Some spectral 
features (e.g. spin-forbidden transitions) are sensitive to internal conditions 
such as the degree of disorder or presence of impurities. Since these condi- 
tions are the result of formation events, subsequent chemical processes, and 
exposure to radiations, suitable spectral features may provide valuable 
information about the history of extraterrestrial material. 

The experimental technique chosen for initial observations is laser photo- 
acoustic spectroscopy. Measurements are made by illuminating samples with 
modulated tunable laser radiation. In solids, photon absorption is most 
frequently collisionally relaxed and results in sample heating. Samples are 
placed in a closed, air-filled cell having one or more electret microphones on 
the interior surfaces. Absorption of the modulated radiation by the sample 
results in periodic heating of the sample and consequently the surrounding air 
which produces an acoustic wave which is detected by the microphones. In a 
transparent cell, low background levels may be obtained since only absorbed 
light produces a signal. Since lasers produce high spectral illuminance and 
can be highly focussed, high quality spectra are obtainable from small 
particles. 

We have made measurements on reference materials and one meteorite in the 
visible region from 596 to 653 nm using an ~ r + - ~ u m ~ e d  dye laser which is con- 
tinuously tunable with a wavelength resolution of 0.03 nm. The wavelength 
region studied was determined by limitations of the available dye laser, not 
because it was a particularly interesting region to study. (In most dielectric 
materials, absorption at these wavelengths is weak and spectra frequently lack 
discrete absorption features.) As a standard, we examined Ho2Og which has 
many vibronic transitions in the visible region of the spectrum. Fig. 1 shows 
a spectrum obtained from gram of Ho203, and demonstrates the high 
resolution and sensitivity of our system. Natural samples to of 
apatite, zircon, olivine, monazite and the Orgueil meteorite exhibit much 
smoother spectra, consistent with published spectra of bulk samples. 

These initial measurements were limited by two cell design factors. 
Overall sensitivity, though good, still required milliwatt levels of incident 
power produce good signals. This limited the study of thermally sensitive 
materials. Internal reflections in the cell windows produced a channel spec- 
trum having an amplitude 02 0.05xsignal level which placed an upper limit on 
the minimum detectable absorption feature independent of signal-to-noise ratio. 
Means for reducing the channel spectrum to negligible proportions are, however, 
understood. 

In the region around 10 microns,' photon absorption is usually the result 
of vibrational-excitation. Observed infrared spectra reflect molecular and 
bulk structure and should not be greatly influenced by localized electronic 
factors (e.g. trace impurities and small scale defects). In order to deter- 
mine if photoacoustic spectroscopy of small particles could be applied fn this 
~Javelength region, we made measurements using a C02 laser which emits line 
radiation from 9.2 to 10.7 um with useable lines spaced from 2 to 20 cm'', 
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The laser facility was made available to us by the Jet Propulsion Laboratory 
for a brief series of observations. 

Due to the limitations of infrared imaging, the 10 um neasurements were 
made (with one exception) on powders of mean grain size less than one micron. 
Samples were compressed into disks 1/2 mm thick by 5 mm diameter. Figure 2 
illustrates some of the photoacoustic spectra. The data points on the left 
are the spectral response of quartz and olivine. For comparison, typical 
spectra based on published transmission measurements are drawn in as solid 
lines. In view of the limitations of the infrared photoacoustic measurements 
eon-uniformly spaced data points and manual data acquisition), agreement 
between the two pairs of spectra is actually very good. Similar results were 
obtained on diopside, labradorite, Allende and Orgueil. One single 300 micron 
piece of Orgueil was also successfully analyzed. In general, it was possible 
to observe the Si-0 stretch band in all samples. The observation shown on the 
right side of Fig. 2 may be of great interest. One feature of photoacoustic 
spectroscopy is its sensitivity to adsorbed molecules. Our measurements on 
A1203 demonstrate that a small amount of adsorbed material may be observed. 
Two measurements were made. In the first case (upper points) the sample had 
been saturated with propanol and then left at room temperature for a15 minutes 
until all visible propanol was evaporated. The measured spectra clearly show 
the propanol peak (solid line from literature). After the first measurement, 
the sample was warmed with a heat lamp for 15 minutes reaching a temperature 

0 of ~ 5 0  C and then measured again (lower points). The spectrum obtained was 
consistent with pure A1203 for which a reference spectrum is shown by the 
lower solid line. 

We conclude by stating that our results clearly demonstrate the feasi- 
bility of making high quality spectroscopic measurements on small particles 
using laser sources. We are presently working on several improvements which 
our present data indicates will greatly enhance our sensitivity (by lOOX or 
more). We have already shown that we can reduce interference effects to 
negligible levels. We are also expanding our wavelength coverage to include 
the near ultraviolet where sharp spectral features from spin-forbidden transi- 
tions are expected to be obserable. These transitions have f-values 
(absorption) of lom6 to lo-*, In vapor phase measurements, we are typically 
reaching transitions with f-values of 10-l4 or less. Since we normally use 
100-200 mw of power for the vapor phase measurements, comparable efficiency 
for the solid phase implies that we should be able to detect transitions with 
f-values on the order of 10-l2 while using 1-2 mw incident power. Since our 
early experiments have revealed the means to achieve much, if not all, this 
sensitivity, many of the objectivesoutlined in the first paragraph may become 
attainable. 

REFERENCES: (1) D. E. Brownlee, D. A. Tomandl and E. Olszewski (1977), 
Proc. Lunar Sci. Conf. 8th, 149-160. 
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Figure 1. Absorption spectrum depicting vibronic transitions in %lo-* gram of 
Ho203. The spectrum was obtained with a photoacoustic cell illuminated with a 
tunable dye laser which provided ~ 5 0  mw of power focussed to a 100 pm spot. 

Figure 2. Infrared absorption features measured with a photocoustic cell 
illuminated with a C02 laser. Data points for olivine and quartz powders are 
compared with typical spectra found in the literature (solid lines). Si-0 
stretch bands are observed. Al2O3 data illustrate the sensitivity of photo- 
acoustic spectroscopy to adsorbed molecules. Upper data points are for A1203 
with adsorbed propanol. Upper solid curve is a reference propanol spectrum. 
Lower data points and reference spectrum are for pure A1203. 
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