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Raman spectroscopy has significant laboratory utility in the analysis of organichydrocar- 
bon and inorganiclmineral substances indicating desirability as an instrument in missions to the 
surfaces of Earth's moon, Mars, comets and asteroids. Recent developments make possible the 
integration of current technologies in lasers, optical components such as filters, array detectors, 
power components, and computers into a laser Raman spectrometer that will meet both the sci- 
ence yield and spacecraft compatibility requirements. As an example we envision the use of fiber 
optics to sense samples at distances as great as 1 krn from the spacecraft in which the core of the 
instrument resides. 

Commercial laser Raman spectrometer systems have already been reduced to a size that 
puts them at the boundary of what is acceptable for use on landers now being considered. What 
are some of the new developments that now allow this technique to be taken out of the laboratory 
environment and put into a form where size, mass, and power consumption makes it suitable for 
the class of lander spacecraft now mandated? The answer includes the following: 

Holographic "notch" filters for suppression of the elastically scattered source light, which 
eliminates the need for large multiple monochromators. 

Miniaturized lasers that function at infrared wavelengths and, because of increased efficiency, 
consume low power eliminates the monster argon laser with its proclivity to induce interfering 
fluorescence. 

Fiber-optic wave guides that allow the exciting laser light to be carried to, and the scattered 
radiation returned from, a sample as far as 1 km away from the lander-housed instrument core. 
Multiple fibers will allow the simultaneous measurement of several samples (and calibration stan- 
dards) with the use of two-dimensional detector arrays. 

CCD two-dimensional arrays of high sensitivity that can be cooled passively. 
Lithium-cell technology developed for "lap top PCs" enables portability. 

Raman spectroscopy is an optical light-scattering technique for determining the molecular 
composition of materials or their crystal lattice structure. When light interacts with a material, 
almost all the light is scattered elastically (Rayleigh scattering) with no change in energy (or fre- 
quency). A very small portion of the incident radiation is scattered inelastically, with loss (or 
gain) of energy to molecular and lattice vibrational modes. If monochromatic light is used for 
sample illumination, then the energy loss may be detected as a shift in a wavelength of the scat- 
tered radiation with the help of two components essential for Raman spectroscopy - a dispersive 
element and a photon detector.The magnitudes of the spectral shifts, measured in wavenumbers 
(cm-I), are related to molecular structure in essentially the same way as the absorption transitions 
observed in infrared absorption spectroscopy. However, the selection rules governing transition 
intensities are different in the two cases, being related to different molecular properties. Hence, 
vibrations may be detectable by Raman and like IR may be used to characterize certain classes of 
bonds as well as for identifying crystalline polymorphy of different organic and inorganic materi- 
als. The Raman signal is generally extremely weak, typically to 10-l2 of the intensity of the 
elastically scattered signal at the excitation wavelength. For t h s  reason traditional Raman spec- 
troscopy technique employs high stray-light rejecting double or even triple monochromators. 
Such complex spectrometers, have a very low throughput and require powerful lasers to obtain 
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sufficient intensity in the Raman signal. The efficiency of the Raman effect is proportional to the 
4th power of the energy of excitation. Therefore, the shorter the excitation wavelength, the stron- 
ger the Raman signal. This is the reason why blue and green argon ion lasers have been used. For 
many materials, such laser irradiation induces fluorescence, which, can completely obscure the 
Raman photons.Any Raman spectrometer system consists of four basic components: 
1. Monochromator. The major limitations of the conventional Raman instrument have been 
extremely low (-1%) throughput, large size and weight of the double and triple monochromators 
needed for the rejection of the elastically scattered Rayleigh line. Special holographic laser notch 
filters developed to protect the eyes of soldiers from the laser radiation has radically changed the 
design and efficiency of spectroscopic instruments. A high-throughput (for all wavelengths other 
than the wavelength of the laser excitation), holographic notch filter instead of a second and third 
monochromator in a Raman system, can reduce the stray light sufficiently and obtain a significant 
gain in throughput with reduction in complexity. Available reduced-size monochromators suitable 
for a Raman spectroscopy system when used with a holographic notch pre-filter are already small 
in dimensions and weight, have adequate stray-light rejection and resolution. 
2. Light Sources. Another very important achievement is the development of single-mode laser 
diodes that are extremely compact and lightweight, can be operated with battery power, and with 
outputs up to 500 mW. Contrast this power level with what is required to heat a source for IR 
spectroscopy and it is understood why an IR spectrometer on a lander is unlikely and Raman is 
not. These diodes operate at longer wavelength (h-810 nm) and thus induce less fluorescence 
background when compared with visible lasers. However, since 810 nrn radiation is of lower 
energy than blue or green light, the 4th power dependence on energy of the Raman signal implies 
that an increased detector sensitivity is needed to take advantage of these lasers. 
3. Fiber Coupling. The third advance essential for the portable Raman instrument is in fiber 
optics, providing flexibility in sample excitation and data acquisition as well as permitting remote 
Raman spectroscopy with fiber probes as long as 1 krn [I]. It is very clear that fiber-coupled 
Raman systems are of great interest in designing a prototype Raman instrument for a planetary 
mission. The ability to utilize optical fibers to sense at a distance with laser Raman spectroscopy 
renders it highly desirable as a lander spacecraft instrument. Several means of fiber deployment 
come to mind immediately: 

A passive appendage of the lander body placed at the vertex of a triangular solar panel "petal" 
deployed from an original tetrahedral configuration. The fiber encased in a rigid spike can be 
impaled into the surface as the panel opens. 

As an active appendage of the lander or a rover in the form of a robotic arm. 
Transported by dedicated "bug" micro-rovers (MIT experience minimalistic robots). 
Trailed behind arrow-like projectiles ejected from a combined projectorlquiver 

4. Detection System. The major advance in Rarnan spectroscopy is due to the development of 
the modern CCD, charge coupled device, for photon detection. CCDs feature high quantum effi- 
ciencies of up to 90% at wavelengths near 700-800 nm (9 of 10 incident photons are recorded). 
With sufficient cooling, these detectors have such low dark signals that they can be considered to 
be practically noiseless. Thus, even though the Raman signal may be weak, it can be accumulated 
for a long time (even tens of minutes) with negligible noise recorded. Modern CCD chips have 
sizes up to 1 inch square with more than 106 pixels. Their two-dimensional nature enables multi- 
ple sources, spatial studies such as real-time visual monitoring, recording of an entire spectra at 
once, and optimization of signal-to-noise ratio through binning and grouping of pixels. TJW 
acknowledges NAGW-4079. [I] Schoen, C. L., Laser Focus World 5, 1 13-120 (May 1994). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


