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            Abstract
Depleted uranium is a mildly radioactive waste product that is stockpiled worldwide. The chemical reactivity of uranium complexes is well documented, including the stoichiometric activation of small molecules of biological and industrial interest such as H2O, CO2, CO, or N2 (refs 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11), but catalytic transformations with actinides remain underexplored in comparison to transition-metal catalysis12,13,14. For reduction of water to H2, complexes of low-valent uranium show the highest potential, but are known to react violently and uncontrollably forming stable bridging oxo or uranyl species15. As a result, only a few oxidations of uranium with water have been reported so far; all stoichiometric2,3,16,17. Catalytic H2 production, however, requires the reductive recovery of the catalyst via a challenging cleavage of the uranium-bound oxygen-containing ligand. Here we report the electrocatalytic water reduction observed with a trisaryloxide U(iii) complex [((Ad,MeArO)3mes)U] (refs 18 and 19)â€”the first homogeneous uranium catalyst for H2 production from H2O. The catalytic cycle involves rare terminal U(iv)â€“OH and U(v)=O complexes, which have been isolated, characterized, and proven to be integral parts of the catalytic mechanism. The recognition of uranium compounds as potentially useful catalysts suggests new applications for such light actinides. The development of uranium-based catalysts provides new perspectives on nuclear waste management strategies, by suggesting that mildly radioactive depleted uraniumâ€”an abundant waste product of the nuclear power industryâ€”could be a valuable resource.
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                    Figure 1: Electrochemical characterization of catalyst 1.[image: ]


Figure 2: Independent synthesis and characterization of the uranium(IV) hydroxo complex [((Ad,MeArO)3mes)Uâ€“OH] (2â€“OH).[image: ]


Figure 3: Postulated mechanism for the reduction of H2O by the U(iii) complex 1, based on EPR results.[image: ]


Figure 4: X-band EPR spectrum of a frozen 10â€‰mM toluene solution of 1 with a sub-stoichiometric amount of H2O.[image: ]


Figure 5: Postulated electrocatalytic cycle for H2 generation from H2O in the presence of the homogeneous U(iii) catalyst [((Ad,MeArO)3mes)U] (1).[image: ]
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A uranium compound with catalytic activity
Karsten Meyer and colleagues report the first example of electrocatalytic reduction of H2O to H2 using a molecular uranium (III) coordination complex. The catalytic nature of this reaction is unusual, since the bonding strength of the uranyl (O=U(IV)=O) motif means that most uranium complexes react irreversibly with water to form uranyl-based species, rather than participating in reversible oxidation/reduction reactions inherent to the recovery of catalysts. The catalytic cycle is shown to involve a rare terminal U(IV)-OH complex. The possibility of developing uranium-based catalysts could be relevant to nuclear waste management strategies, as the mildly radioactive and depleted uranium produced as waste by the nuclear power industry could be a valuable resource.
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