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Abstract:
The potential surfaces of dihydrogen and hydrogen atom loss from the Mo2S4 functional group in molecules of the structure CpMo((-S)4-n((-SH)nMoCp, n = 0, 2, 4 were investigated using density functional theory (B3LYP/LANL2DZ) for comparison with experimental observations. The quadruply bridged species CpMo((-S)4MoCp reacts with H2 to form CpMo((-S)2((-SH)2MoCp, which reacts with a second molecule of hydrogen to form CpMo((-SH)4MoCp.  The adjacent sulfur bridges are ideally situated to react with H2 in a concerted pathway, with readily accessible barriers typically less than 15 kcal/mol.  The migration of the hydrogen atom between sulfur bridges leading to interconversion of isomers prior to H2 loss was also examined.  Loss of the hydrogen atom was also examined using DFT methods.  The S-H homolytic bond strength of CpMo((-S)2((-SH)2MoCp is estimated to be 74 kcal/mol.  The properties of the MoS cluster in weakening C-S bonds through radical formation at the cluster site, leading to S-R scission in the structure CpMo((-S)((-S() ((-SR)MoCp is also examined, providing insight into the cleavage of strong C-S bonds during hydrodesulfurization and hydrothermolysis reactions catalyzed by the cluster sites.  The homolytic reactivity of the S-H bond in radical abstraction reactions is compared to predicted cluster bonding characteristics.  The study provides insight into hydrogen activation and reactivity at an important catalyst functional group. 
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