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‘Sustainable Semiconductor-Electrocatalyst Systems for
(Photo-) Electrocatalytic Nitrogen Reduction’

The discovery of ammonia (NH;) synthesis, a milestone in the history of the chemical industry, has greatly
enhanced global agriculture. Accordingly, NH; is the second-largest chemical produced worldwide, with 140
million tons manufactured annually via the Haber-Bosch process. The process requires high-purity streams of
nitrogen and hydrogen, as well as high temperatures and pressures and it is therefore a major scientific
challenge to find new, mild ways to activate the inert N-N triple bond. We recently found that dinitrogen
reduction, resulting in ammonium ion production, can be catalyzed electrochemically by a CoMo thin-film.
We focus on investigation of the surface composition of the electrode during electrocatalysis via X-ray
photoelectron spectroscopy (XPS). Our work reveals that N, bond cleavage occurs on the electrocatalyst
surface, suggesting that nitrogen reduction triggers dissociation of dinitrogen prior to hydrogenation.
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‘Photoredox Reactivity of Titanium Oxo Clusters’

Well defined metal-oxo cluster molecules allow for mechanistic study
of photoreactivity, giving insight into processes that can occur at the
surfaces of bulk metal oxide semiconductors. Here we show that
even the smallest titanium oxo clusters absorb UV light and can
undergo two electron photoredox processes.
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