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Introduction: The Mars Organic Molecule Ana-
lyzer (MOMA) is a dual ion source linear ion trap mass
spectrometer that was designed for the 2018 joint ESA-
Roscosmos mission to Mars. The main scientific aim
of the mission is to search for signs of extant or extinct
life in the near subsurface of Mars by acquiring sam-
ples from as deep as 2 m below the surface. MOMA
will be a key analytical tool in providing chemical (mo-
lecular) information from the solid samples, with par-
ticular focus on the characterization of organic content.
The MOMA instrument, itself, is a joint venture for
NASA and ESA to develop a mass spectrometer capa-
ble of analyzing samples from pyrolysis gas chromato-
graph (GC) as well as ambient pressure laser desorp-
tion ionization (LDI). The combination of the two
analytical techniques allows for the chemical character-
ization of a broad range of compounds, including vola-
tile and non-volatile species. Generally, MOMA can
provide information on elemental and molecular
makeup, polarity, chirality and isotopic patterns of ana-
Iyte species. Here we report on the current perfor-
mance of the MOMA prototype instruments, specifical-
ly the demonstration of the gas chromatography-mass
spectrometry (GC-MS) mode of operation.

The MOMA GC-MS Instrument Suite: The
MOMA GC-MS instrument consists of three main
components, lead by three international hardware de-
velopment teams. The martian regolith samples will be
deposited into an oven (Figure 1a) and sealed using a
tapping station developed by colleagues at the Pl insti-
tution (Max Planck Institut fur Sonnensystem-
forschung, Germany). The gas chromatograph design,
being matured by teams at LATMOS and LISA in
France, consists of an internal He reservoir, 2 hydro-
carbon injection traps, 4 chromatography colums and 2
thermal conductivity detectors (TCDs). The MOMA
mass spectrometer consists of a linear ion trap with 2
reduntant filaments for electron impact ionization and 2
redundant channel electron multiplier detectors. The
ion trap is modeled after the 4X larger trapping volume
Thermo LXQ [1].

Until recently, most of the GC-MS performance
testing occurred using the brassboard GC (Figure 1b)

and the prototype mass spectrometer. However, some
initial testing using the advanced prototype GC (Figure
1c) with the same prototype mass spectrometer has
demonstrated basic functionality of the GC-MS inter-
face with higher flight fidelity.

Fig. 1. (a) MOMA prototype oven. (b) Single col-
umn MOMA brassboard gas chromatograph. (c) Full-
up MOMA advanced prototype model gas chromato-
graph. (d) MOMA mass spectrometer with EI source.

Performance Testing: Brasshoards of the indi-
vidual MOMA instrument components (sample oven,
GC and MS) were developed and their performances
tested independently. Interface tests are therefore criti-
cal to provide insight into the end-to-end GC-MS per-
formance of the MOMA instrument. Both brasshoard
and prototype GCs were connected to the prototype
MS in flight-like configurations (Figure 2). Gases and
other volatile samples can be directed into the MS for
calibration and sensitivity measurements either by a
directly plumbed line or through volatilization of liquid
or solid phase analogs from the sample oven. Solid
samples were doped with various organic compounds
and extracted by pyrolysis. Analytes were then sepa-
rated with either an MXT-5 or an MXT-20 chromato-
graphic column and analyzed by a thermal conductivity
detector followed by the linear ion trap MS.



Fig. 2. Laboratory configuration for GC-MS inter-
face testing with single column GC, split manfold with
exhaust at mars pressure (bottom chamber of MS vac-
uum housing) and mass spectrometer (top chamber of
MS vacuum housing).

Initial testing of the end-to-end GC-MS MOMA in-
strument involved the injection of a 1000 ppm gas
phase mixture of butane, pentane, hexane and benzene
in bulk helium. An overlay of the MS and TCD signals
showed a similar response in terms of separation effi-
ciency and peak shape, confirming that the interface
between the GC and LIT introduces minimal disper-
sion. Key operational parameters such as column tem-
perature and separation efficiency were determined.
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The end-to-end sensitivity of the GC-MS interface de-
pends heavily on the ionization efficiency of the ana-
lyte, the quality of the thermal control along the sample
path, and the split manifold design. The MOMA re-
quirement for sensitivity for organics in GC-MS mode
1 pmol injected into the sample oven. Sensitivity was
determined for the GC-TCD and MS response to a
dilution series containing isopropyl alcohol, hexane,
and benzene deposited onto silica beads in the MOMA
oven. During the first iteration of testing, transfer lines
were not completely heated (i.e. cold spots were pre-
sent), thus the potential for condensation after TCD but
before MS detection is high. However, the MS was
found to be 5-10 times more sensitive than the GC-

TCD for hexane and benzene respectively with an ul-
timate sensitivity of ~1-10 pmol.

Additional experiments investigating solid soil
samples pyrolyzed in the brasshoard oven are currently
underway in order to investigate system performance
with higher fidelity samples similar to what would be
expected on Mars. This test campaign, demonstrating
MOMA’s ability to extract and detect trace organics
via in situ derivatization experiments, is currently be-
ing planned. This testing also incorporates breadboard
electronics driving the ion trap mass spectrometer and
demonstrating the capabilities of the complete system
design planned for use on Mars.

Lessons learned from these breadboard tests will be
used to plan and design the next phase of integration
work where the French GC system is interfaced to the
MOMA ETU mass spectrometer.
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