
 

Insights into the crystal chemistry of uranium sulphides 

Thanks to its 5f orbitals, uranium benefits from several valence states in inorganic 
compounds, from U2+ to U6+, and possesses a wide crystal chemistry. The radial expansion of 
these orbitals leads to energetically close crystal field (dominating in the case of 3d elements) 
and spin-orbit coupling (dominating in the case of 4f rare earths) interactions, and result in rich 
and exotic physical properties1 (e.g. coexistence of superconductivity and ferromagnetism). 
When associated with a chalcogen element (Q = S, Se, Te), uranium forms inorganic 
compounds characterised by various crystallographic structures leading to unique uranium 
polyhedral environments,2 with e.g. the presence of (S2)2- dimers.  

 
 In this context, binary and ternary uranium sulphides were synthesised at high 
temperatures in sealed evacuated silica tubes. Their crystal chemistry was then investigated 
in order to better understand the relationship between uranium oxidation state, chemical 
bonding and physical properties. High-resolution synchrotron X-ray spectroscopies reveal a 

predominance of U4+ together with mixed U3+/U4+ configurations in specific crystallographic 
environments, and highlight the more covalent character of the U-S bond compared to U-O. 
The investigation was extended to several families of ternary uranium sulphides U-TM-S, 
where TM is a 3d transition metal,3 illustrating how crystal chemistry can stabilise different 
uranium valence states depending on the local structural environment. The crystal chemistry 
of selected examples of compounds will be discussed in parallel to their physical properties. 
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