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Introduction:  The Mars Organic Molecule Ana-

lyzer (MOMA) experiment aboard the future ExoMars 

2020 mission will be the continuation of the search for 

the organic composition of the Mars surface.  The main 

advantage of Exomars is that the sample will be ex-

tracted as deep as 2 meters below the martian surface 

and is expected to be preserved from the effects of ra-

diation and oxidation on organic materials. To analyze 

the wide range of potential organic composition (vola-

tile and non volatile compounds) of the martian soil, 

the MOMA instrument utilizes both UV laser desorp-

tion / ionization (LDI) and pyrolysis gas chromatog-

raphy ion trap mass spectrometry (pyr-GC-ITMS). In 

order to analyse refractory organic compounds, and 

charactize the enantiomeric ratio for the chiral species, 

the sample can be submitted to a derivatization pro-

cess, consisting of the reaction of the sample compo-

nents with specific reactants selected for MOMA. 

 

Thermochemolyis vs Derivatization: The two 

derivatization reagents aboard the MOMA experiment 

wich will allow the chiral separation and the analysis of 

refractory compounds, making them more volatile and 

less polar by protecting the labile chemical groups are 

respectively MTBSTFA [1] and DMF-DMA [2] . In 

order to improve the Pyr-GC-MS analysis, TMAH 

(tetramethylammonium hydroxide) [3] will be used on 

MOMA to extract refractory compounds (macromole-

cules, kerogen, etc.) and protect polar compounds re-

leased from the mid-pyrolysis experiment. During con-

ventional pyrolysis, macromolecule are generally  

cleaved into smaller compounds but secondary “reac-

tions” can also occur (chemical reactions, condensation 

and (re)polymerization).The products released from the 

pyrolysis could be highly polar monomers and oligo-

mers which are prone to poor chromatographic behav-

ior. By using TMAH thermochemolysis, we first de-

crease the polarity of the released product (by methyla-

tion reaction) and we limit the secondary reactions 

which result in improved chromatographic perfor-

mance. Moreover, it is then easier to determine the 

analyte’s parent molecular structure. 
 

TMAH Optimization and Results:  We per-

formed pyrolysis and TMAH-thermochemolysis on a 

martian regolith simulant (JSC Mars-1) within condi-

tions similar to those planned to be used for MOMA. 

But a range of values was explored for different analyt-

ical parameters in order to optimize the derivatization 

conditions, especially the thermochemolysis tempera-

ture. 

We have proved that TMAH thermochemolysis allows 

the detection of numerous organic molecules comple-

mentary of those detected by using derivatization reac-

tion (MTBSTFA and DMF-DMA) : carboxylic acids, 

hydrocarbons, alcohols, amines, amides, aromatic hy-

drocarbures, heterocycles and other more complex 

organic compounds. The compounds are detected from 

400°C and are sufficiently protected from thermal deg-

radation to still be identified up to 600°C. Since the 

number of aromatics and heterocycles increases dra-

matically from 500°C, and since these compounds are 

thought to be thermally evolved molecules, 400°C 

seems to be the most suitable thermochemolysis tem-

perature. However, higher temperatures give us more 

information about heavy refractory compounds. This is 

why – depending of the organic content – 500°C and 

600°C may be suitable as well. 
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