When crystallography meets planetary science:
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Search for potential habitable environments beyond the Earth is a major challenge in modern planetary science and
astrobiology. Until now, icy moons of Jupiter and Saturn are the only extra-terrestrial planetary bodies where the presence of
liquid water has been discovered in the form of subsurface oceans [1,2]. Subsurface oceans are nowadays the most appealing
astrobiological targets and have become the focus of diverse interdisciplinary research, as well as ongoing and upcoming
space missions. A unique and intriguing aspect of extra-terrestrial ocean worlds is the influence of high pressure on their
physical state and thermochemical evolution [2,3]. On the large ocean worlds like Ganymede, Titan, and Callisto, pressures
at the bottom of the hydrosphere can achieve up to 1.7 GPa — far exceeding the conditions found at the Earth’s deepest oceans.
While a variety of salts and volatiles are expected to be dissolved in the interior of large icy moons [4,5], some of these
compounds can be stable in the form of salt hydrates or gas clathrate hydrates at relevant high-pressure and low/temperate-
temperature conditions. Formation and destabilization of these hydrates govern the chemical exchange in the interior and
control the amount of volatile dissolved in the ocean, with a major impact on the chemical evolution and astrobiological
potential of subsurface oceans. The current contribution overviews the collaborative work of crystallographers and planetary
scientists of the last years dedicated to 1) in situ X-Ray diffraction studies of high-pressure polymorphism and structural
properties of potential extra-terrestrial minerals, and 2) implications of the experimental results to the evolution of the large
ocean worlds. Methodological approach and the advantages of using of in situ single-crystal X-ray diffraction will be
discussed. Several case studies on salt hydrates and clathrate hydrates will be presented, including studies on NaCl hydrates
[6], gas clathrates of CH4 and CO,, and methanol-bearing clathrates [7]. At the end of the contribution, the open questions
and current research activities will be discussed.
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