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Introduction: The surface and immediate sub-

surface of Mars create a harsh environment for the 
complex organic compounds that make up the building 
blocks of life as we know it, and the potential detection 
of these compounds will be highly dependent on how 
well preserved they are over geological time scales. The 
presence of perchlorate salts in the regolith, and 
exposure to intense solar UV irradiation, are believed to 
be key driving forces in the degradation of organics on 
Mars, while certain minerals have been shown to adsorb 
complex biomolecules such as DNA and protect them 
from degradation by UV irradiation [1,2]. 

We have conducted an in-situ study to see how the 
chemical structures of three aromatic compounds of 
potential biological significance (the nucleobase 
adenosine monophosphate, the amino acid 
phenylalanine, and phthalic acid) were altered by 
exposure to UV light in the presence of a mineral matrix 
(montmorillonite) with/without MgClO4 (perchlorate). 
Localized UV exposure was done using a 248.6 nm laser 
focused to a spot diameter of ~40 µm, through repeated 
in-situ Resonant Raman/Fluorescence measurements 
using the laser as an excitation source. The resulting 
spectra which revealed distinctive changes indicative of 
photo-chemical alteration over the equivalent of ~20 
sols of ambient Martian UV [3]. All three organics 
showed spectral evidence of alteration with increasing 
UV exposure, and exposed regions could be easily 
distinguished from non-exposed regions. 

 
Figure 1: Resonant Raman spectra with cumulative UV 
exposure for pellets containing pure AMP, and AMP in 
montmorillonite clay with/without perchlorate. 

Short, repeated exposures for adenosine 
monophosphate (AMP) revealed distinctive Raman and 
fluorescence changes depending on whether the organic 
was embedded in montmorillonite clay or not (see 
Figure 1). Pure AMP exhibited a loss of fluorescence 
with increasing exposure (see Figure 2), indicative of 
the aromatic ring being broken by some photo-chemical 
reaction, and a visible discoloring of the organic was 
observed in the exposed region. When mixed with 
95%wt clay, there was instead an increase in 
fluorescence at longer wavelengths, correlated to 
changes in Raman spectrum indicating an alteration of 
chemical structure without loss of aromaticity. 

 

 
Figure 2: relative change in fluorescence intensity with 
increasing UV exposure, for pellets containing pure 
AMP, and AMP in montmorillonite clay with/without 
perchlorate. Inset: schematic for the photo-chemical 
alteration of AMP. 
 

The presence of perchlorate in the clay had no 
meaningful impact on the mechanism of alteration for 
AMP, following a similar degradation profile, with little 
difference in yield after prolonged UV exposure. DFT 
simulations of possible oxidation products suggest that 
the new Raman peaks observed for UV-exposed AMP 
in clay are due to hydroxylation of the aromatic ring 
without the breaking of aromaticity, thus retaining both 
the π-π* transition required for fluorescence and the 
molecular resonance conditions for Raman. This is 
consistent with reports that montmorillonite clay acts to 
preserve DNA from UV-induced degradation. The exact 
origin of the preservation potential is not established, 
but it appears that the presence of montmorillonite 
limits the extent of photo-chemical alteration to minor 
structural changes (e.g. hydroxylation) and prevents 
further reactions that would eventually break the 
aromatic ring. 
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This study reinforces our understanding that clay 
minerals like montmorillonite may be effective 
preservers of organic biosignatures under Martian 
surface conditions, and that they represent promising 
targets in the search for life. We have also demonstrated 
that the presence of perchlorate in Martian regolith has 
no impact on the short-term photo-stability of complex 
aromatic organics, and will not hinder the detection of 
such molecules by UV-based spectrometers such as 
SHERLOC, which is part of the scientific payload on 
board the Mars 2020 mission [4]. 
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