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Introduction:  The detection of reduced organic 

compounds in the martian near-surface with the Sam-
ple Analysis at Mars (SAM) instrument onboard Curi-
osity [1] was a significant step towards understanding 
the presence and diversity of prebiotic or biotic molec-
ular signatures on Mars. However, Curiosity sampled 
only the first few cm of the subsurface, where organics 
are prone to degradation due to oxidation and radiation 
[2]. The Mars Organic Molecule Analyzer (MOMA) 
investigation on the ExoMars rover will investigate the 
molecular composition of samples acquired from 
depths of up to two meters below the martian surface, 
accessing the best windows of preservation of intact 
molecules. The clay-rich rock exposures accessible in 
Oxia Planum, the preferred landing zone, will provide 
an excellent opportunity to sample ancient material for 
organics analysis. MOMA incorporates both pyrolysis 
or derivatization gas chromatography/mass spectrome-
try (pyr/der-GCMS) [3] and laser desorption mass 
spectrometry (LDMS) [4] modes of operation, and is 
designed to work in concert with the other instruments 
in the rover’s Pasteur Payload, particularly with the 
Raman Laser Spectrometer [5] and MicrOmega [6] 
that will analyze common drill samples presented on a 
carousel. With two analytical modes and versatility in 
the methods, MOMA will not only detect compounds 
over a wide range of molecular weight, volatility, and 
mineralogical association [7], but also investigate their 
origin, exogenous or indigenous, abiotic or biological.  

 
MOMA and the possible biosignatures: After 

molecular identification, MOMA will investigate the 
abiotic or biotic origin of those molecules in different 
ways. Firstly, the LDMS mode, where the molecules 
are desorbed and ionized directly from the powdered 
samples with a pulsed UV laser (266 nm, 1 ns dura-
tion) at Mars ambient pressure, will investigate com-
pounds of low to moderate volatilities such as carbox-
ylic acids, aromatic species, chained aliphatics and 
macromolecular organics. The analysis of ions with 
m/z up to 1000 will allow not only the investigation 
and identification of specific molecules of interest, but 
also agnostic biosignatures such as repetitive patterns 
in the mass spectra. Tandem mass spectrometry (i.e., 
MS/MS) and ion isolation/excitation (e.g., via SWIFT 
techniques) enable the enrichment and structural char-
acterization of organics and potential biosignatures. 
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Fig. 1: Flight MOMA GCMS total ion chromatogram (top) shows 
nominal detection of hydrocarbons in He. The hexane GC peak is 
sampled with multiple EI spectra such as shown (bottom) with its 
characteristic fragmentation pattern. 
 

The GCMS mode is designed to separate discrete 
molecules from a complex initial mixture, for a better 
identification and quantification of each. Because of 
the intrinsic constraints of the GCMS technique, the 
molecules need to either be volatile to be analyzed, or 
made more volatile or less polar using a chemical reac-
tion with derivatization reagents [2]. Pyr/der-GCMS 
may detect a progression to a subset of more complex 
organic structures (carboxylic acids, amino acids) in 
the martian subsurface, a potential indicator of a bio-
logical role in the synthesis of these molecules. Alter-
natively, an abiotic distribution of molecules would 
show a preference toward simpler structures. Notably, 
one of the derivatizating reagents, dimethylformamide 
dimethyl acetal (DMF-DMA), is utilized to make the 
organic molecules more volatile while maintaining 
their chiral center. A further analysis on an enantiose-
lective GC column, such as the Chirasil-Dex present 
on MOMA, will allow the determination of a potential 
enantiomeric excess, or homochirality, suggestive of a 
biological origin of the chiral molecules.  

With these versatile capabilities and dual modes of 
analysis, MOMA will be able to further constrain the 
nature and origin of organic compounds on Mars to 
elucidate possible past or present biosignatures. 
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