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Introduction: The Mars Science Laboratory 
(MSL) Curiosity rover landed on Mars the August 6th, 
2012, at Gale crater to provide evidence of its past 
and/or present habitability. The Sample Analysis at 
Mars (SAM) experiment is partly devoted to the in situ 
molecular analysis of gases evolving from solid sam-
ples collected by the Curiosity rover. It is dedicated to 
investigate the potential presence of organics on Mars 
surface/sub-surface. SAM is an analytical laboratory 
composed of a pyrolysis oven coupled to a gas-
chromatograph mass-spectrometer (GC-QMS). The 
GC-QMS is devoted to the separation and identifica-
tion of both organic and inorganic volatile matter 
evolved from the thermal (sample pyrolysis up to 
850°C) and/or chemical treatment (derivatization) of 
solid samples. The GC is dedicated to the separation of 
organic molecules and their identification after detec-
tion is done with a thermal conductivity detector 
(TCD) and a quadrupole mass spectrometer (QMS). 

The GC analytical channel which has been used to 
do all the measurements of the martian samples to date 
is composed of a MXT-CLP chromatographic column 
coupled with a Tenax GR injection trap. Curiosity col-
lected one sand sample at the Rocknest site and two 
rock samples at Yellowknife Bay site, respectively 
John Klein and Cumberland. The three samples have 
been analysed successfully using SAM GCMS mode 
and provided an extended set of datas.  

To support the treatment and the interpretation of 
SAM data obtained at Mars surface, it is mandatory to 
perform laboratory experiments using SAM like exper-
imental apparatus under simulated martian operating 
conditions. 

Comparison of key compounds retention time 
between laboratory experiments and FM data:  
Chlorohydrocarbons compounds such as chloro-
methane, dichloromethane, trichloromethane, 1,2-
dichloropropane, a chloromethylpropene and chloro-
benzene, have been clearly detected by SAM [2]. They 
seem to be mainly produced by the reaction of perchlo-
rates, globally distributed in Martian soil [2,4], with 
organic matter. This organic matter can be either of 
terrestrial origin present in the experiment (e.g.. organ-
ic chemical reactants carried within SAM for derivati-
zation experiments and/or the Tenax TA porous poly-
mer adsorbent used to concentrate organic molecules 

on the SAM hydrocarbon traps) or martian endogenous 
organic compounds [3]. The aim of this work is to con-
firm the chlorohydrocarbons detections by SAM and to 
predict the relevant retention times of molecules ex-
pected to be searched in the future. 

Laboratory experiments: A GC-MS integrating the 
duplicate of the SAM flight MXT CLP capillary col-
umn was used for this study. A 20 cm capillary tube 
was coupled to the column to reproduce the carrier gas 
flow of the SAM GC-MS experiment in laboratory. A 
set of organic compounds, either identified with MS of 
potentially present in SAM chromatograms, have been 
selected for this study. Indeed, some of the organic 
molecules detected on Mars needed MS laboratory 
confirmation to remove ambiguities on the molecules 
identification. 

Fig 1. GC-MS analysis of key compounds detected by 
SAM: laboratory gas chromatogram 

 
Results: Although the MXT-CLP column is not 

able to provide a complete separation of all the chlo-
rinated components tested, it permitted to confirm the 
identification of most of the chlorinated hydrocarbons 
detected by SAM, by comparing the retention times 
obtained in laboratory with those obtained in SAM 
chromatograms (fig 1). This work allowed to confirm 
the presence of chlorobenzene in the chromaotgrams, 
as the QMS signature was not sufficiently clear to do 
it. (tab 1). 
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Tab 1. Example of chlorinated compounds detect-
ed by SAM and confirmed by GC-MS laboratory anal-
ysis. 

 
Study of the SAM injection trap and its implica-

tions on the organic matter detection: Before pro-
ceeding to a GC-QMS analysis, the volatile com-
pounds collected from the solid sample treatments are 
focused in an injection trap (IT). It is composed of 
Tenax GR, a porous polymer allowing to adsorb a 
wide range of volatile molecules. To inject the sample 
into the GC column, the IT is fastly heated to ∼300°C 
for 5 seconds. During one GCMS experiment, the IT is 
activated two times (an activation = an IT flash): the 
first activation is used to inject most of the sample into 
the GC, the second one is done at the end of the GC 
run to clean the trap. The use of this injection system 
can be a bias for the desorption of a certain type of 
molecules (such as key compounds important on the 
emergence of life) which can still be trapped by the 
Tenax adsorbent. 

This work was devoted on the one hand to the 
study of the IT desorption performances to estimate the 
GC-MS capability or limitation for releasing the vola-
tile species. On the other hand, the second IT flash was 
studied to compare SAM datas with GC-MS laboratory 
analysis. Indeed, some of chlorohydrocarbons released 
after the first IT flash seem to be also present in SAM 
chromatograms after the second IT flash. It could have 
an influence on the estimation of the nature and the 
amount of species detected in the nominal SAM-GC 
run. 

Laboratory experiments: The same laboratory GC-
MS set-up as previously described was used. It was 
coupled with a spare model of an injection trap com-
posed of Tenax GR. 

Tab 2. Example of chlorinated compounds detected by 
SAM after the 2nd IT flash and confirmed by GC-MS 
laboratory analysis. 

 

Results: 1. Even if probably not completely repre-
sentative of the flight measurements (for thermal con-
siderations), the laboratory measurements show that 
the thermal desorption from the IT could not be effi-
cient enough for all the molecules targeted. Indeed, big 
molecules such as butanol and chlorobenzene need at 
least 5 successive activations to be totally desorbed 
(Fig 2). 

Fig 2. Release pourcentage of key compounds vs the 
number of IT flash activation. 

 
The PAHs on the other hand, are not released by 

the trap and could still be trapped by the Tenax adsor-
bent. This work should be considered for interpretating 
the SAM GC-QMS data towards the organic matter 
detection. In order to other injection modes are under 
investigation, such as without using IT, or by changing 
the way the IT is heated. 

2. The work on the second IT activation allowed to 
confirm and/or infirm the presence of organic com-
pounds in chromatograms after the second injection 
and to make predictions on those that might be present 
(tab 2). Most of the test compounds seem to be coelut-
ed in the first chromatographic peak. Nevertheless, 
chlorobenzene has been identified (tab. 2). 
Those results show the importance of taking into ac-
count the second IT flash for the quantification of the 
organic compounds detected by SAM after each IT 
flashs. 
This work is still under progress in order to support the 
interpretation of the SAM GC-QMS data, and it is of 
primary importance considering the complex signals 
recorded by SAM on Mars.  
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Column Laboratory SAM 
Compound TR (min) TR (min) 

Dichloromethane 3.83 3.8 
1-Chloro-2-

methylpropene 
5.00 5.0 

Chlorobenzene 11.78 11.2 

Column Laboratory SAM 
Compound TR (min) TR (min) 

1,2-dichloropropane 3.6 3.8 
Chlorobenzene 4.1 3.9 
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