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Abstract: The structure of materials determines their physicochemical behavior, especially in
the context of organic solids, which can form various solid forms, either crystalline or amorphous.
In this talk, | will highlight recent advances in experimental techniques aimed at identifying and
stabilizing the thermodynamically favored forms of organic materials—particularly in the context
of planetary science, where such materials may serve as mineral analogs on Titan, Saturn’s
enigmatic moon. We will also discuss how kinetic control strategies, such as rapid quenching,
can be employed to trap metastable phases of physiologically active compounds, enabling the
design of new drugs, supplements, and pesticides with finely tuned properties. Finally, we will
explore how fundamental equations of state can be used to derive new strategies that facilitate
topotactic chemical reactions, offering novel routes for transforming solid materials in a
controlled and targeted manner.
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