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Introduction:  Future missions to Mars will offer 

the opportunity to continue the search for organic 
molecules accessible from the surface.  This paper 
describes an analytical instrument suite that is de-
signed to measure potential organic and isotopic signa-
tures contained in near surface reservoirs on Mars, 
using a pyrolysis/extraction system coupled to a gas 
chromatograph (GC) and time-of-flight mass spec-
trometer (TOF-MS). 

Motivation:  The design of new techniques to look 
for boimarkers on Mars is largely driven by the results 
of the 1976 Viking mission. Viking results are inter-
preted to be inconsistent with the action of life, rather 
explained by simple inorganic chemical processes and 
an oxidizing upper regolith. However, organic degra-
dation products from meteoritic infall should be pre-
sent and detectable, at a minimum.  Benner et al [1] 
suggest that the Viking GCMS experiment was not 
sufficiently hot to yield volatile products from such 
material.  In addition, measurements that can preserve 
the structure of organic molecules and include isotopic 
information would be ideal. Increasing the concentra-

tion of potential organic material in samples would 
also be very desirable.  

Proposed Instrument:  The analytical suite de-
scribed here includes an orgainic extraction system 
incorporated into a pyrolysis oven, followed by a two-
dimensional gas chromatograph and mass spectrome-
ter.  A block diagram of the system is shown below.  

Multiple carrier gases and solvents (labeled Sn) can 
be implemented.  Preconcentration of evolved gases is 
included prior to analysis with either the GC or MS.  
Gas or liquid phase samples from the solvent extrac-
tion step can be introduced into the GC.  The subsys-
tems of this instrument are each described in more 
below. 

Pyrolysis/Extraction.  The pyrolysis module func-
tionality is designed to include the capability for 1) 
pyrolysis under various carrier gas compositions, 2) 
solvent extraction under elevated pressures to increase 
solvation efficiency, and 3) automated sample han-
dling to introduce new samples and remove spent 
samples from the oven chamber.  

Pyrolytic heating of a given sample under differing at-
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mospheric compositions can produce very different product 
distributions.  If the sample is a complete unknown, multiple 
data sets from a suite of carrier gases can provide much more 
insight into the sample composition than a single analysis. 
Oxidative pyrolysis, or combustion, of all carbonaceous and 
organic compounds in the oven will produce a combination 
of simple oxide gases. Inert pyrolytic heating is required to 
preserve the elemental and isotopic state of samples that 
could potentially contain a trace abundance of oxidants, as 
have been hypothesized in the upper few cm of the Martian 
soil. Both hydropyrolysis, or pyrolytic heating under an at-
mosphere of H2, and hydrous-pyrolysis, under an atmosphere 
of H2O, have been shown to be effective in preserving struc-
tural and stereo-chemical features compared to other pyro-
lytic methods, and additionally show high yields of pre-
served products from characteristically difficult materials 
such as kerogens [2].   

The pyrolysis oven, pictured below, will nominally be 
designed to meet the following operational requirements:  
1. Max temperature of 1200C to enable quantitative 

pyrolysis of organics 
2. Max pressure of 5 bar to enable solvent extraction 

at elevated pressures 

3. Hermetic sealing to prevent loss of evolved gases 
4. Reusable for multiple samples 
5. Automated sample handling 
6. Low thermal mass to minimize power draw and 

enable calorimetry 
 

The pyrolysis oven will be incorporated into a 
plumbing scheme that allows for optional organic sol-
vent extraction prior to pyrolytic heating.  This option 
adds a unique capability to this analytical system, and 
is particularly valuable as an initial separation step for 
potentially complex organic mixtures.  A variety of 
organic solvents can be used (e.g., methanol, benzene, 
dichloromethane), depending on the functionality of 
the component that is to be extracted.   

Two-Dimensional Gas Chromatograph (2DGC) 
2DGC is a standard separation technique used in the 
petroleum industry [3].  In this technique, the entire 
chromatogram eluting from a primary column is trans-
ferred to a secondary column for a separate, orthogo-
nal separation.  The resulting 2D chromatogram has a 
peak capacity equal to the product of the two dimen-
sions, and has peaks scattered in a plane rather than 
along a line.  Component identifiactions are likely to 
be more reliable, as distinct structural patterns will be 
expressed as two independent characteristics (e.g., 
polarity and molecular size).   
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