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Radiation effects on amino acids and implications for life detection on Mars
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ABSTRACT Searching for signs of life is a central objective of current and future Mars exploration. Organic
biomolecules, particularly amino acids, are considered key targets in life-detection efforts due to their well-
established biological relevance. However, the thin Martian atmosphere and the absence of a global magnetic field
expose the surface to intense ionizing radiation, rendering organic molecules highly susceptible to radiolytic
degradation and potential destruction. To evaluate the stability of such biomolecules, numerous irradiation
simulation experiments have been conducted. However, the survivability and chemical reactivity of amino acids
under Martian-like conditions remain controversial. One possible reason is the inconsistent physical states of amino
acids used in these studies, such as solution, solid powders, and single crystals. In this work, we systematically
investigate the radiation stability of amino acids in different physical states under “’Co y-ray irradiation. The results
demonstrate that the radiation stability of amino acids is strongly dependent on their physical state. After exposure
equivalent to ~31.2 Ma of Martian surface irradiation, the single crystal glycine remains largely intact, whereas solid
powder glycine transforms from the monoclinic a-phase to the hexagonal y-phase. In contrast, glycine in aqueous
solution shows significant modification, involving both decomposition and complex recombination or
polymerization. These findings provide new insights into the radiation-driven evolution of organic molecules on
Mars and offer critical constraints for interpreting ambiguous spectroscopic signatures obtained from Martian
surface analyses.

KEYWORDS “Co y-rays irradiation, Amino acids, Radiolysis, Extraterrestrial life, Mars
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Fig.1 XRD patterns (a), Raman (b) and FTIR (c) spectra of glycine powder before and after irradiation;
the insets in panel (a) show the corresponding color of the glycine samples™ (color online)
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Fig.2 Representative optical microscope images of a-glycine
and y-glycine evaporation-grown crystals; a-glycine (a, ¢) and
v-glycine (b, d) before and after irradiation; Raman spectra of
a-glycine and y-glycine evaporation-grown crystals,
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Fig.3 Raman spectra measured from dried droplets of glycine solution before and after irradiation (a);
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HPLC-MS analysis of glycine in aqueous solution before (b) and after (c) irradiation'” (color online)
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