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Introduction: The Mars Organic Molecule Ana-
lyzer (MOMA) investigation on the 2018 ExoMars
rover will examine the chemical composition of sam-
ples acquired from depths of up to two meters below
the martian surface, where organics may be protected
from radiative and oxidative degradation [1,2]. The
MOMA instrument is centered around a miniaturized
linear ion trap (LIT) that facilitates two modes of op-
eration: i) pyrolysis/gas chromatography mass spec-
trometry (pyr/GC-MS); and, ii) laser desorp-
tion/ionization mass spectrometry (LDI-MS) at ambi-
ent Mars pressures. The LIT also enables the structural
characterization of complex molecules via complemen-
tary analytical capabilities, such as multi-frequency
waveforms (i.e., SWIFT) and tandem mass spectrome-
try (MS/MS). When combined with the complement of
instruments in the rover’s Pasteur Payload, MOMA has
the potential to reveal the presence of a wide range of
organics preserved in a variety of mineralogical envi-
ronments, and to begin to understand the structural
character and potential origin of those compounds.

However, the pervasive presence of oxidative per-
chlorates across the martian surface provides a chal-
lenge to detecting organics via traditional in situ ana-
lytical techniques, such as evolved gas analysis (EGA)
or pyr/GC-MS. The MOMA LDI-MS mode of opera-
tion, on the other hand, enables the detection and iden-
tification of fragile molecules that may otherwise de-
compose during sample heating. Using a high fidelity
breadboard instrument, we show that via LDI-MS
methods the MOMA instrument is capable of detecting
pg/g-levels of organics in a suite of natural and syn-
thetically-derived Mars analog samples, even in the
presence of wt.%-levels of perchlorate(e.g., Fig. 1 [3]).
Spectra acquired from the commercial Thermo MALDI
LTQXL serve as verification for the data presented
here.

The data demonstrate that the LDI technique has
distinct potential benefits for detecting trace amounts
of organics in mineral matrices that mimic the martian
surface environment. Coupling the LDI technique to a
LIT mass analyzer also provides benefits for applica-
tion to future Mars missions. The MOMA instrument
on the ExoMars 2018 rover is therefore well matched
to the mission goal of detection of organics in drilled
samples, in support of the search for signs of life on
Mars. In addition, the LDI technique has potential for

further development and use on future missions to
Mars and other planets. For example, the small laser
spot size used in LDI can provide precision point-by-
point analysis, offering detailed information with high
spatial resolution and, thus, temporal insights into even
the most complex samples. Such precision in situ de-
tection could be used to guide the sample selection for
a Mars sample return mission.
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Fig. 1. Coronene is identified clearly via LDMS in a
variety of mineral and rock matrices doped with organ-
ics, even in the presence of wt.%-levels of perchlorate.
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