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Abstract

Hydrogen-bearing compounds are attracting increasing attention because they provide valuable model systems to
investigate the behaviour of hydrogen under extreme conditions, while also offering potential routes for hydrogen
storage and release [1]. Among hydrogen-containing molecules, hydrogen sulfide (H2S) is particularly appealing as it
exhibits a remarkably rich high-pressure chemistry, such as molecular dissociation and the formation of hydrogen-rich
hydrides, including phases exhibiting near-record superconducting critical temperatures [2].

In this framework, H,S hydrates offer an unexplored platform to investigate how a hydrogen-bearing guest molecule
interacts with a hydrogen-bonded host lattice under compression. Indeed, H,S is known to form clathrate hydrates
which are believed to play an important role in planetary environments by promoting the trapping of volatile species and
thus influencing out-gassing processes [3]. However, despite their significance for the interiors of icy moons and
satellites, the behaviour of H>S hydrates has been studied exclusively at low pressure [4, 5, 6], while at pressures in the
GPa range, typical of subduction processes and of the interiors of icy bodies, its chemistry remains unexplored.

We investigated the room temperature compression (0.1 -10 GPa) of the H,S-THF clathrate hydrate (THF acts as a
clathrate stabiliser) in membrane Diamond Anvil Cells (mDACs) using Raman spectroscopy and synchrotron x-ray
diffraction, finding multiple phase transitions below 3 GPa. Beyond establishing the clathrate high-pressure stability
field, we observed a pressure-induced decomposition associated with sulfur segregation and the direct formation of
molecular hydrogen, which remains trapped within a hydrate phase. These remarkable findings provide new insights
into the mechanisms of hydrogen generation and release from hydrogen-bearing compounds under extreme conditions,
firmly establishing H2S hydrates as a model system for studying pressure-driven hydrogen synthesis in molecular
systems.
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