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Electrolytic hydrogen production is one of the defining technologies supporting 
the large-scale deployment of renewable energy sources. Although the water 
electrolysis integrates two complementary processes – 2 electron hydrogen 
evolution (HER) and 4 electron oxygen evolution (OER)most of the 
development efforts concentrates on OER which is known to be energy 
demanding and often limiting the overall electrolysis efficiency. Current 
understanding of OER based on DFT modelling [1] identifies intrinsic kinetic 
constraints of the process resulting from so called scaling relations. The 
restrictions of the scaling relations are summarized in the theoretically 
constructed volcano plot which predicts noble metal based oxides like, e.g.  
ruthenium oxides (RuO2) and iridium oxides (IrO2) to be the best OER 
catalysts. The restrictions of the theoretically predicted volcano were 
apparently removed for several binary oxide system exploring coexistence Ru-
Ni [2], Ru-Ir [3] in the structure which shows synergistic improvement of OER 
activity. A similar activity improvement in activity has been observed in alkaline 
media for Ni-Fe-based catalysts. This type of behavior arises from co-existence 
of cations residing on  opposite sides of the so-called “oxo-wall”. The lecture 
will present combined theoretical and experimental rationalization of this 
synergistic behavior stressing the role of the spectator site activation in 
removing the scaling relations restrictions. The theoretical predictions for OER 
catalysts in Ru-Ir system and Ni-Fe binary systems will be compared with 
results of  in-situ and operando soft X-ray absorption spectroscopy (XAS) and 
operando X-ray photoelectron spectroscopy (XPS).Synergistic anode materials 
for water electrolysis 
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