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' Gas chromatographic (GC) instrumentation for collection and analysis of Titan atmospheric 
aerosols and gases (mostly organic) from an entry probe is currently being developed. This probe 
is a possible joint venture between NASA and the European Space Agency to send a spacecraft to 
the Saturn System. This paper will describe the analytical GC instrumentation under study. This 
system has already been used in a preliminary feasibility study of Titan aerosol analysis . 

As the probe descends through Titan's atmosphere, aerosol materials will be periodically 
collected as liquids or solids. Their conversion to the gaseous form and subsequent transfer to the 
gas chromatograph is proposed as a reliable, simple way to prepare a chemically complicated 
sample for detailed analysis. The procedure will involve subjecting collected material to stepwise 
pyrolysis followed by gas chromatographic measurement of any volatiles produced. Analytical 
pyrolysis is a technique commonly used in many disciplines, e. g., the study of lunar and 
meteoritic materials (Irwin, 1982) and of solid tholins (Khare et. al. 198 1). 

The length of heating required to allow quantitative release of volatiles at each selected 
temperature is dependent on the amount of sample and the type of pyrolyzer used. Of the pyrolitic 
techniques available, the pulse mode (Liernan et. al., 1984) will be used because smaller samples 
(ng to pg amounts) can be pyrolized in very short times (milliseconds). To best characterize the 
aerosol, the collected particles should be heated at several temperatures. Khare et al. (198 1) found 
that in their tholins, nitrogen-containing compounds (nitriles) were released at 150 and 300 OC 
while hydrocarbons were not released until 450 OC. The number of temperatures at which 
pyrolysis can be performed on an in situ sample will be limited by the chromatographic analysis 
time and the mission time constraints which are yet to be determined. 

The GC system being studied for use in a Titan atmospheric probe instrument incorporates 
modulated metastable ionization detectors, which can detect components at the ppb levels in gas 
chromatographic samples (Woeller, et al., 1984; Carle, et al., 1985). This GC system, shown in 
Figure 1, has been used in our laboratory to pyrolyze 1 - 5 kg quantities of simulated Titan 
aerosols, which evolved volatiles in ppm concentrations . The results of this study, illustrated in 
Figure 2, show that compounds are released from the simulated aerosol when treated at 250,450, 
and 700" C. Further study will include analysis of any modification of samples due to the 
collection process and the validity of the chemical analysis of the collected samples. 

In addition to collecting and analyzing aerosols in Titan's atmosphere, it is important to be 
able to accurately determine the gaseous components. The task of measuring the atmospheric 
components becomes challenging when conducted under the range of conditions expected for this 
mission. Current plans call for deployment of the science instruments after the probe becomes 
subsonic, somewhere near 200 krn. The ambient pressure at this altitude (Linda1 et al. 1983), is 
expected to be less than 1 mbar. However, the effective atmospheric pressure will actually be 
closer to 2 mbar because of dynamic effects arising from the velocity of the probe. 

The feasibility of analyzing Titan's atmosphere at altitudes up to 200 km was tested with a 
simple laboratory gas chromatographic system shown in Figure 3. This sampling system 

3 incorporated an evacuated 20 cm sample loop in which gas was trapped from a reservoir of 
model Titan atmosphere at 2 mbar. The gas chromatograph was equipped with a miniature 
modulated metastable ionization detector. The chromatogram resulting from this study is shown 
in Figure 4. Clearly, detection of the ppm level components at 2 mbar total pressure was readily 
accomplished with this system. Furthermore, indications are that detection limits of 10 ppb or so, 
can be achieved for most gases of interest. The detection limits of a gas chromatograph equipped 
with this type of inlet system are dependent on the ambient atmospheric pressure and temperature 
as well as the collected volume. The only parameter that can be adjusted is the volume, At 200 
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krn in Titan's atmosphere, a sample volume of 150-300 cm3 would be required to detect any 
component of the atmosphere that is at the ppb concentration level. Further research into 
increasing sample volume will be conducted in the future. 
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