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Improved performance of cheap catalysts for sustainable hydrogen 
generation 

Our society has to reduce the consumption of fossil fuels drastically. Hydrogen is the number one 
future energy carrier candidate, but it requires fossil-free generation of hydrogen to be sustainable. 
Hydrogen can be produced electrochemically: when you pass an electric current through water, the 
water will dissociate and form hydrogen on one electrode and oxygen on the other one. This way 
electric energy is converted to chemical energy; to chemical bonds in hydrogen. Another option is to 
have sunlight split water directly, which is called photo-electrochemical water splitting.  

Both options require suitable, affordable catalysts that facilitate the conversion as efficiently as 
possible, which means with minimal energy loss. This research concerns transition metal 
chalcogenides (TMCs) for both conversion methods. TMCs are very promising and tunable catalysts, 
with the advantage that they are made out of earth-abundant materials, which makes them cheaper 
than currently used noble metal catalysts.  

Within this thesis, I have shown crystal phase-controlled synthesis of TMCs, resulting in tunable 
physicochemical properties which considerably improve their performances in light absorption and 
electro-catalytic activities. Advanced Operando X-ray Absorption Spectroscopy together with nano-
diffraction techniques were utilized to probe the localized interface to have a deeper understanding 
of their catalytic mechanisms towards energy conversion.  

The main issues of utilizing TMC’s for light absorption or catalysis are activity and stability. By tuning 
their phase composition we have improved the light absorption by around 10 times and improved 
the stability from several hours to several days. The catalytic performances towards hydrogen 
generation are also improved by around 4 times compared to the original TMC’s. Such improvements 
open their possibilities to be commercially used as electrocatalysts. I think TMC’s may be used in 
industry for water splitting within the next decade. 
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