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ABSTRACT 1I:  
 
Splitting water to produce molecular oxygen and hydrogen is a promising way to convert and store 
solar energy in the form of chemical fuels [1]. Efficient catalysts are needed to promote this 
electrochemical reaction, which, especially on the oxidation side, is extremely challenging, 
requiring the loss of four electrons and four protons and the creation of the O-O bond. For this  
semi-reaction several catalysts have been proposed in the past three decades, both heterogeneous 
(metals and metal oxide surfaces) and homogeneous (transition metals with organic ligands). In this 
talk I will present the results of our first-principles Density Functional Theory calculations on the 
reaction mechanism promoted by an all-inorganic tetraruthenium-polyoxometalate homogeneous 
catalyst, able to efficiently oxidize water at a low overpotential (~ 0.35 V) [2,3]. We show how 
state-of-the-art theoretical methods help to shed light on the complex mechanism of this reaction. In 
particular, we combine hybrid functional calculations for the energetics of the intermediates [4] and 
metadynamics to explore the free energy surface in the space of a few collective variables. We find 
that the mechanism proposed in the literature for this  system needs to be critically re-examined and 
we propose an alternative reaction pathway.  
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