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yields obtained using MTBSTFA are typically in the
Introduction: The wet chemistry experiment on
90–100% range. Finally, MTBSTFA has the major
the Sample Analysis at Mars (SAM) experiment in the
Curiosity rover of the Mars Science Laboratory misadvantage to react in the gaseous phase and is therefore
sion allows organic compounds to be extracted from
compatible with laboratory pyrolysis systems like the
solid samples in such a way to improve their detection
one used in SAM to treat the solid samples.
either by increasing the release of chemical species
SAM solid sample experiment results: Marfrom solid sample matrices, or by changing their chemtian solid samples (Rocknest (RN), John Klein (JK),
ical structure to make compounds analyzable by gas
Cumberland (CB) have been analyzed by evolved gas
chromatography mass spectrometry (GCMS). The latanalysis (EGA) and GC using thermal conductivity
ter is of particular importance if polar compounds are
(TCD) and MS detection [5-6]. The samples were
present. SAM, includes two different wet chemistry
heated up to approximately 840 °C at a rate of
experiments: MTBSTFA derivatization [1-2] and
35°C/min under He flow. For GC analyses, the majoriTMAH thermochemolysis [3-4]. Here we report on the
ty of the gas released was trapped on a hydrocarbon
nature of the MTBSTFA derivatization experiment on
trap over a specific temperature range. Adsorbed volaSAM, the detection of MTBSTFA products in the
tiles on the GC injection trap (IT) were then released
SAM evolved gas analysis and GCMS experiments,
into the GC column (CLP-MXT 30m x 0.25mm x
and the implications of this detection.
0.25µm) by rapidly heating the IT to 300°C. Helium is
Sample Processing and SAM Protocol: The
used (0.9 bar inlet column pressure) as the carrier gas.
soil or powdered rock sample is heated up to ~1000C
The column temperature program started at 50 °C, and
in one of the two pyrolysis ovens in SAM. The gases
increased up to 220 °C with a ramp rate of 10 °C/min.
released from the sample, within a predefined temperaThe first results obtained from Rocknest showed
ture range, are pre-concentrated in a SAM hydrocarbon
the
presence of MTBSTFA by-products in the system.
trap and then transferred to a GC injection trap for a
MTBSTFA
was detected in the GC-TCD-QMS analyfinal injection into the GC. Adsorbants used in the
sis
blank
meaning
that MTBSTFA is part of the backSAM and GC hydrocarbon trap are Tenax® (TA) silica
ground
signal
under
its gaseous phase and is derived
beads and Carbosieve G. The GC injection trap confrom
at
least
one
of
the
seven MTBSTFA/DMF deritains Tenax GR. Trapped volatiles are released from
vatization
cups
in
SAM
[7]. Since MTBSTFA is able
these traps by heating to ~300 °C. Special cells conto
react
in
the
gaseous
phase,
the detection of the hytaining the derivatization reagent can be utilized if
drolysis
products
of
MTBSTFA
implies that some
needed. The chemical extraction and derivatization of
MTBSTFA
reactions
with
all
the
labile compounds
polar molecular compounds is achieved with the
present
in
the
Martian
soil,
in
the
sampling system,
MTBSTFA
(N-methyl-N-tert-butyldimethylsilyland/or
inside
the
SAM
instrument
occurred
during the
trifluoroacetamide) and DMF (dimethylformamide)
experiment.
silylation reaction in order to transform refractory poSeveral peaks have been identified by GCMS anallar compounds into more volatile molecules that can be
ysis
of JK and CB as part of SAM background, some
analyzed and detected by GCMS. The advantage of
of
them
below the nmol level. Identification of these
using MTBSTFA as the derivatization reagent is that it
peaks
reveal
the presence of several aromatic, chlorinis a single-step reaction; it is less susceptible to hyated
hydrocarbons
(Table 1) and silylated compounds
drolysis compared with other common derivatization
such
as
water.
The
most interesting of these comreagents and it does not require separation of the derivpounds
are
listed
in
Table
1. The question of the enatives prior to GC separation analysis. In addition,
dogenous
or
exogenous
origins
of these compounds
MTBSTFA is sensitive to a wide range of organic
has
to
be
asked.
To
answer
it
we
have investigated
compounds with acidic hydrogen atoms. The reaction
several possibilities to produce these chlorinated hy-
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drocarbons during the SAM experiment. They could
come from : i) sample itself ii) MTBSTFA reaction
iii)Tenax® degradation, and iv)Perchlorate oxidation.
SAM experiment lab: A first set of laboratory
tests were done to evaluate the thermal stability of
Tenax® GR and the possible products released. followed by tests with Tenax® that was exposed to
MTBSTFA during the thermal test. The Tenax® sample was successively submitted to thermal treatments
from 200°C to 600°C with 50°C steps. Each temperature was held for 5 minutes, then the liner was cooled
down to 50°C during the rest of the run. Operating
conditions are summarized in Figure 1.

Figure 1. Operating conditions

Tenax® degradation results: Thermal degradation of
Tenax® starts at 400°C. Detected compounds are
mainly aromatic compounds such as benzene, biphenyl, or phenol (Figure 3 and Table 2). Indeed,
Tenax® is an organic polymer and the detected compounds are coming from the thermal degradation of
this polymer.
The structure of the Tenax® polymer (Figure 4) explains why aromatic compounds are detected during its
thermal degradation. The main compound detected
(fig. 4) is the terphenyl which is a part of the monomer
of Tenax®. Other reactive compounds such as phenol
or hydroxy-biphenyl are also directly generated from
this monomer degradation.
Table 1.
Compounds generated by Tenax® degradation in lab experiment compared to
compounds detected on Mars (J. Klein and Cumberland).

Compounds
H2O
Benzene
Toluene
Ethylbenzene
Styrene
α-methylstyrene
Phenol
Naphtalène
Biphenyl
Diphenylmethane
p-methylbiphenyl
Hydroxybiphenyl
p-terphenyl
m-terphenyl-2'-ol
Quaterphenyl

Lab
T (°C)
300-600
550-600
550-600
550-600
600
550-600
550-600
450-600
500-600
500-600
450-600
500-600
400-450
600

SAM
blank
+
+
+
+
+
+
+
-

SAM sample
(JK and CB)
++
++
+
+
+
+
+
-
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Chlorobenzene

ND

+

++

At higher temperatures, the number of released compounds increases and the size of the released molecules
decreases. The temperature range studied far exceeds
the maximum temperature reached by the SAM trap
which stays below 300°C Under these condiditons
only a few organic compounds should be released such
as benzene. But the continuous use of the GC trap
could generate a long term ageing of Tenax® resulting
in the potential release of additional compounds.
Among these compounds some of them could be reactive and give other by product when contacted with
MTBSTFA or perchlorate.
Tenax® degradation results in presence of
MTBSTFA:With MTBSTFA a part of the background
signal, it could possibly interact either with martian
organics or compounds produced by the thermal degradation of the trap. This is why we have studied the
influence of the MTBSTFA on the compounds released from the Tenax®. During the thermal degradation of Tenax®, we have added a few microliters of
MTBSTFA (0.5µL of MTBSTFA for 10 g of Tenax®).
Results of adding MTBSTFA show that no derivatization reaction occurred on compounds with labile H.
We have shown that phenol was one of the compounds
released by Tenax® when temperature reached 550°C.
But contrary to the results of the SAM experiment (table 1), after MTBSTFA addition, no TBDMS-phenol
was detected at the retention time of 36 min against
16.7 min for phenol. The explanation is certainly the
shorter time of contact since the laboratory derivatization reactions requires 15 min at 75°C.
Conclusion: We have confirm the presence of
MTBSTFA by-products in the EGA and GC-TCD-MS
background signals.
Major part of aromatic detected compounds on mars
could be generate from the degradation of the Tenax®
trap or from the MTBSTFA reaction.
the possible range of products that might be produced
by the SAM background and the Tenax trap are being
elucidated by laboratory studies and it will help clarify
which of the compoiunds observed by SAM are indigeneous.
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