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ABSTRACT 

Hydrogenations typically occur at high-pressures to increase the low solubility of hydrogen gas 

(H2) in the organic solvent allowing H2 to interact directly, in suitable quantities, with the metal 

catalyst surface in solution. This interaction occurs via the Horiuti−Polanyi mechanism1 where 

the H2 dissociates on to the surface, the alkene substrate binds to the metal, and the hydrogen 

atoms transfer to the substrate resulting in the alkane product. Given that the rate determining 

step in this mechanism is the final step, then from an experimental point of view, all you need 

to do is supply enough H2 to replace any hydrogen atoms that have been used in the 

hydrogenation catalysis. This opens up the possibility of using low-concentration H2 sources 

in hydrogenation catalysis. Photocatalytic water splitting using metal oxide semiconductors 

results in the generation of hydrogen and oxygen gases via water reduction and oxidation 

reactions.2 If you use a suitable sacrifical agent such as methanol in such a system, then this 

stops the oxidation reaction and you end up with a low-concentration photocatalytic H2 source 

which could be utilised further. Here, we introduce a novel dual-catalysis reactor design that 

integrates a photocatalytic hydrogen source with a hydrogenation reactor. This setup enables 

complete conversion of both activated and unactivated alkenes to their corresponding alkanes 

using exceptionally low hydrogen concentrations at atmospheric pressure. 
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