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Introduction 

Objectives : The goals of the joint ESA-Roscosmos 

ExoMars-2018 rover mission include the search for 

molecules relevant to  life (large, non-volatile organic 

or biological molecules that suggest existing or prior 

biosynthetic activity) on the martian surface and near 

subsurface, and the discrimination of the endogenous 

from the exogenous sources of organics on Mars. 

The Mars Organic Molecule Analyzer (MOMA) 

aboard the ExoMars rover will be a key analytical tool 

in providing chemical (molecular) information from 

the solid samples collected by the rover, with a particu-

lar focus on the characterization of the organic content. 

The core of the MOMA instrument is a gas chromato-

graph coupled with a mass spectrometer (GC-MS) 

which provides the unique capability to characterize a 

broad range of compounds, including both  of volatile 

and non-volatile species.  

Method : Core samples will be extracted as deep as 2 

meters below the martian surface to minimize effects 

of radiation and oxidation on  organic materials. 

Samples will be crushed and deposited into sample 

cups seated in a rotating carousel. 

Soil samples will be analyzed either by UV laser de-

sorption / ionization (LDI) or pyrolysis gas chromatog-

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

Samples which undergo GC-MS analysis may be sub-

mitted to a derivatization process, consisting of the 

reaction of the sample components with specific reac-

tants (MTBSTFA [1], DMF-DMA [2], TMAH [3]) 

which increase the volatility of complex organic spe-

cies. 

In order to optimize this instrumentation, and especial-

ly the GCMS coupling, a series of tests is currently 

being carried out with prototypes of MOMA instru-

mentation. 

 

Instrumental Suite 
  The French GC brassboard was coupled to the US 

ion trap mass spectrometer brassboard in a flight-like 

configuration (fig 1) for several coupling campains. 

The MOMA GC setup is based on the Sample Analysis 

at Mars (SAM) heritage design with a He reservoir and 

4 separate analytical modules including traps, columns 

and Thermal Conductivity Detectors (fig. 1b).  Solid 

samples are sealed and heated in this setup using a 

manual tapping station (fig. 1a), designed and built at 

MPS in Germany, for GC-MS analysis. The gaseous 

species eluting from the GC are then  ionized by an 

electron impact ionization source in the MS chamber 

and analyzed by the linear ion trap mass spectrometer 

(fig. 1c).   

 

 
 

 
Figure 1: picture of the manual taping station (a) where sample has 

been introduced before that it has been traped, injected in the gas 

chromatograph (b) and detected in the MS ion trap (c).  

 

MOMA GCMS Results:   
Qualitative Analysis : Volatile and non-volatile com-

pounds were injected in the MOMA instrumental suite. 

Both of these compounds classes were detected by the 

TCD and by the MS. By using the TCD signal and the 

retention time we were able to identify each of these 

compounds. MS signal (total ion current) and single 

mass spectra by comparison with the NIST library, 

gave us an unambiguous confirmation of these identi-

fications .  Figure 2 shows the TCD trace (a) and the 

total ion chromatogram (TIC) from the MS (b) for a 

standard gas-phase mixture of 100 ppm butane, pen-

tane, hexane and benzene in He.  The mass spectra (c-

e) arise from an average of 10 mass spectra averaged 
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around a given time point in thetotal ion chromatogram 

(i.e. averaged around a peak in total ion counts). 

Repetability of the measurment has been tested with 

the same hydrocarbons mixture.. Results of the five 

successive injections show that the variability of the 

TCD and MS responses is under 10%. 

 

 

Figure 2: The TCD trace (b) and the total ion chromatogram (TIC) 

from the MS (a) for a standard gas-phase mixture of 100 ppm bu-

tane, pentane, hexane and benzene in He. The mass spectra arise 
from an average of 10 spectra averaged from the TIC peaks. 

 

Quantitative Ananlysis: The sensitivity of the end-to-

end test of the GC-MS interface depends heavily on 

the ionization efficiency of the analyte, the quality of 

the thermal control along the sample path, and the split 

manifold design.  Based on commercial instrument, the 

MOMA requirement for sensitivity in the GC-MS 

mode for organic molecules is 1 pmol.  In this test, 

sensitivity was determined for the GC TCD and MS 

response to a dilution series containing isopropanol, 

hexane and benzene deposited onto silica beads in the 

MOMA oven. For the MS, peak areas were integrated 

in the total ion chromatogram as well as in the result-

ing mass spectra.  Isopropanol was not detected in the 

MS because the maximum characteristic mass (m/z) 

fell below the low mass cutoff (m/z=50) for the in-

strument.  Generally, the MS was found to be 5 to10 

times more sensitive than the GC TCD for hexane and 

benzene respectively. 

 

 

 

 

 

Table 1: TCD and MS sensitivity 

Compounds 

TCD Sensitivity MS Sensitivity 

LOD (pmol) 
Peak 

integrated 

LOD 

(pmol) 

Isopropanol 14 ND ND 

Hexane 32 

m/z=57 3 

m/z=86 22 

TIC 0.8 

Benzene 24 
m/z=78 5 

TIC 5 

 

Conclusion: The Mars Organic Molecule Analyzer is 

a key analytical instrument aboard the ExoMars Rover 

set to launch in 2018. The results described here 

demonstrate the current status of the end-to-end per-

formance of the gas chromatography-mass spectrome-

try mode of operation.  Both prototypes individually 

meet the performance requirements, but this work par-

ticularly demonstrates the capabilities of the critical 

GC-MS interface. Future work will focus on improv-

ing detection limits to provide margin to ensure the 

requirements will be met, as well as analyzing higher 

molecular weight compounds including derivitized 

amino acids and thermochemolized compounds. 
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