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Optimizing hydrogen evolution reaction on low-loaded Ru nanocatalysts supported on titanium oxynitride
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Water electrolysis (WE) is anticipated to emerge as the leading technology for decentralized, carbon-neutral hydro-
gen production. In the WEs, hydrogen is generated through the electrochemical hydrogen evolution reaction (HER),
and the effectiveness of catalysts for HER depends largely on the adsorption energy of hydrogen intermediates and
the barrier for water dissociation. Refinement of these activity descriptors offers the potential to tailor advanced
electrocatalysts beyond Pt, known for its superior HER performance.! Modern electrocatalysts are comprised of
metallic nanoparticles as the active sites, backed on support materials, expected to provide effective anchoring,
high surface area, and conductivity. In certain cases, support materials can also enhance the performance of active
sites via metal-support interaction (MSI).2

This study showcases the effective HER catalyst comprising Ru supported on a titanium oxynitride—carbon template
(Ru/TiON-C) with an exceptionally low Ru loading of 6 wt.%, Figure 1. In an alkaline electrolyte, the Ru/TiON-C
composite exhibited superior HER activity compared to Ru/C and Pt/C (Figures 1a and 1b), ranking among the top-
performing Ru-based catalysts documented in the literature. This enhancement was attributed to the ability of
TiON to induce MSI with Ru, yielding two effects: (i) TION prompted partial growth of a distorted fcc-Ru structure
known for its enhanced water dissociation properties;® (ii) X-ray photoelectron spectroscopy suggested a
rearrangement in the electron density of Ru-sites, which can lead to an adjustment of the hydrogen adsorption/de-
sorption energy. Furthermore, Ru/TiON-C can be upgraded to obtain highly active catalysts for acidic HER by
decorating it with only 2 wt.% Pt. The obtained RuPt/TiON-C catalyst matches the practical activity of a commercial
Pt/C (20 wt.%) (Figure 1c) while significantly surpassing its mass activity.
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Figure 1. (a) Comparison of alkaline HER activities of Ru/C, Pt/C and Ru/TiON-C (1 M KOH, 10 mV/s) and (b) corresponding mass activities at
an overpotential of 100 mV; (c) comparison of acidic HER activities of Ru/C, Ru/TiON-C, Pt/C and Pt-Ru/TiON-C catalysts (0.1 M HCIO4, 10
mV/s) and (d) corresponding mass activities at an overpotential of 100 mV.
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