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Identifying the True Active Species in Ru-based Polymetallic Hydroxide toward
Alkaline Hydrogen Evolution

Dan Li, Chao Huang, Paul K. Chu

Department of Physics, Department of Materials Science and Engineering, and Department of Biomedical Engineering,
City University of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong, China

Ruthenium (Ru)-based electrocatalyst used for hydrogen evolution reaction (HER) has been
greatly explored since its similar bond strength with hydrogen as Pt but less expensive price
relatively [1]. However, exact identification of true active sites of Ru-based composite still needs to
be discussed [2].

Herein, we report that the Ru clusters will be electrochemically leached onto the surface of
RuMOxHy (M means transition metals) under a weak HER cathodic potential through an in-situ
surface reconstruction phenomenon. Using a post-catalytic analysis, we interrogate the composition
and microstructure of its reduced counterpart and conclude that the produced metallic Ru should be
the true active species to enhance the HER activity in both neutral and alkaline media. In addition,
among various RUMOxHy, the as-resulted Ru/NiFeRuOxHy exhibites the best HER performance,
which only requires 30 mV and 50 mV overpotential to drive a 10 mA cm current density in
alkaline and neutral media, respectively. The fast reaction kinetics (30 mV decade? in alkaline
media and 42 mV decade™ in neutral media) and outstanding stability of Ru/NiFeRuOxHy guarantee
that it is a promising HER catalyst for practice application. The DFT calculation further confirms
that the formed Ru clusters with O valence state can effectively accelerate the process of H
combination and H> desorption, which reduce the energy barriers of overall HER. We believe this
interesting phenomenon and excellent HER activity of as-resulted hybrid catalyst in this work will
greatly conduce to the understanding of catalysis and development of highly active electrocatalyst
in water-splitting, fuel cells and other heterogeneous catalytic reactions.
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