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An integrated gas chromatograph/x-ray flourescence instrument has the 
capability for measuring both molecular and elemental constituents of comet- 
ary grains collected on-board a rendezvous spacecraft. With optimized 
sensitivity, multiple samples can be taken, resulting in a greater under- 
standing of the nature of dust and ice particles from the nucleus. 

Gas chromatography (GC) is conducted with a divinylbenzene packed 
column, He carrier gas, and He ionization detector. A 100 microliter in- 
jection loop samples the gas released in a quartz pyrolysis tube. X-ray 
fluorescence (XRF) utilizes cryogenically cooled Si (Li) solid state 
detectors of nominal 150 eV resolution at 5.9 keV. Excitation is by x-rays 
from Fe-55 radioisotope and alpha particles/x-rays from Cm-244 radioisotope 
sources. 

One approach to aimulation of comet dust samples is to use material 
from carbonaceous chondrite meteorites, as reported here. For GC exper- 
iments, single particles of approximately 100 microns diameter were hand- 
picked under the microscope. For XRF, quantitative methods have been de- 
veloped for depositing known quantities of powdered meteorite onto thin 
membrane filters. 

Calibration of the GC sensitivity was facilitated using standard 
reference mixtures containing 2 to 10 ppm of gases of interest in high- 
purity helium. The XRF absolute sensitivity was determined with the aid 
of quantitative precepitates of ions from solution using dithiodibenzyl- 
carbamate. These calibration tests demonstrate GC sensitivity at the pico- 
gram level for gases of interest and XRF detection limits at the 100 nan- 
ogram per square centimeter level for elements such as Si, Fe, 0, S, Ca, 
and C. 

The true measure of sensitivity must rely, however, on realistic mat- 
rices and the expected levels of various constituents in the cometary grains 
For this reason, measurements must include analog materials. Chromatograms 
from isolated particles of Murchison and Allende meteorites, Figure 1, 
are in agreement with previous laboratory work by others. Only a fraction 
of each few microgram sample is organic matter (approximately 3 and 1%, 
respectively, on a bulk basis). Nitrogen is suspected to be atmospheric 
contamination. The more carbonaceous material produces more released gas, 
as expected (cf. Murchison to Allende). For most gases, quantitatively 
greater release correlates with higher pyrolysis temperature, except for 
methane from certain samples. Successive pyrolyses (2 minutes exposure to 
heat) at the same temperature produce less gas, also as expected. Add- 
itional colums will provide detection of polar compounds (water, sulfur 
oxides, HCN, etc.), hydrocarbons, nitriles, amines, alcohols, aldehydes, 
and other important organics. 

The XRF spectra from a thin layer of Murchison powder is shown in 
Figure 2. The chlorine peak (C1) is due to a contaminant in the support 
filter. The elements Mg, Al, Si, S, K, Ca, Ti, and Cr are obvious in the 
spectrum. 
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Using a gallium substrate to avoid carbon-containing materials, Allende 
and Orgueil samples have been analyzed in the windowless detector mode 
so that the light elements can be detected. Clearly evident in Fig. 3 
are the much greater C, 0, and S content of Orgueil. At the higher energy 
end of these spectra, the K-line fluorescence emissions of Mn, Fe, and Ni 
are also present. 

Detection limits for both techniques are better than 0.01 monolayers 
of comet dust, assuming 1 micron nominal particle diameter. 

 fig^. 1 Gas Chromatograms of 9 ug Murchison (M) and Allende (A) 
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Fig. 2. Murchison (0.5 Monolayer) Fig. 3. Allende and Orgueil (dots) 
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