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The Sample Analysis at Mars (SAM) experiment onboard the Curiosity rover of the Mars Science Laboratory
mission is partly devoted to the in situ molecular analysis of gases evolving from solid samples collected on
Mars surface/sub-surface. SAM has a gas-chromatograph coupled to a quadrupole mass spectrometer (GC-QMS)
devoted to the separation and identification of organic and inorganic material [1]. Before proceeding to the
GC-QMS analysis, the solid sample collected by Curiosity is subjected to a thermal treatment thanks to the
pyrolysis oven to release the volatiles into the gas processing system.
As the Viking landers in 1976 [2], SAM detected chlorohydrocarbons with the pyrolysis GC-QMS experiment
[3,4]. The detection of perchlorates salts in soil at the Phoenix Landing site [6] suggests that these chloro-
hydrocarbons could come from the reaction of organics with oxychlorines. Oxychlorines indeed decomposed
into molecular oxygen and volatile chlorine when heated and react with the organic matter in the samples
by oxidation and/or chlorination processes. [3,5,7,8]. During SAM pyrolysis, samples are heated to 850◦C.
SAM detected C1 to C3 chloroalkanes, entirely attributed to reaction products occurring during the pyrolysis
experiment between oxychlorines and organic carbon from instrument background [3] and chlorobenzene and
C2 to C4 dichloroalkanes produced by reaction between Mars endogenous organics with oxychlorines [4]. To
help understanding the influence of perchlorate and chlorate salts on organic matter during SAM pyrolysis, we
systemically study the reaction products formed during pyrolysis of various organic compounds mixed with
various perchlorates and chlorates. We selected organics from simple molecule forms as for instance PAHs and
amino acids to complex material (>30 carbon atoms) such as kerogen. The perchlorate and chlorate salts are
prepared at 1 wt % concentration in silica and mixed with the organics to study the potential qualitative and/or
quantitative effects.
The experiments are performed on a laboratory GC-QMS with a Restek Rxi-5 column (30m x 0.25mm x 0.25µm)
and an Intersciences pyrolyser. The mixture is pyrolyzed at different temperatures up to 900◦C to cover the SAM
temperature range. Different experiments are done to discriminate the pyrolysis products directly coming from
the organics, and those produced from the reaction with oxychlorine. These experiments are under progress and
should bring key information on the potential to identify Martian organics when pyrolyzing solid samples.
Depending on the organic families studied, we may find recurring molecules, which are potentially present in
Mars’ surface samples. This work could thus highlight some organic precursors of the chlorinated compounds
found on Mars, and support the interpretation of SAM measurements.

References: [1] Mahaffy, P. et al. (2012) Space Sci Rev, 170, 401-478. [2] Biemann, K. et al (1977) JGR,
82, 4641-4658. [3] Glavin, D. et al. (2013), JGR 118, 1955-1973. [4] Freissinet, C. et al. (2015) JGR. [5] Leshin
L. et al. (2013), Science. [6] Hecht, (2009), Science, 325 64-67. [7] Navarro-Gonzalez et al. (2010) JGR 115,
EI12010. [8] Steninger, H. et al (2012) Planet. Space Sci. 71, 9-17.
Acknowledgments: French Space Agency (CNES) support for SAM-GC development and exploitation.


