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Abstract: Nanostructured electrodes, due to the fast reaction kinetics, enhanced mass transfer, and good
electron conductivity, have been highlighted as a promising candidate for the electrocatalysis of hydrogen
evolution. Herein, we demonstrate a one-step pyrolysis synthesis of Cu-doped RuO: nanorod arrays (RCO/
NF) on nickel foam, demonstrating exceptional electrocatalytic hydrogen evolution performance. The
engineered electrode architecture combines three critical advantages: Cu doping-induced charge buffering
stabilizes RuO, active sites; vertically aligned nanorods with superhydrophilic character (contact angle <<
18") , optimize mass transport while mitigating bubble shielding; and a CuO interlayer reinforces mechanical
stability. Electrochemical evaluation in 1.0 mol-L.™" KOH reveals outstanding activity, achieving an
ultralow overpotential of 5 mV at 10 mA-cm * and maintaining 42% lower overpotential than commercial
Pt/C at industrial current densities (200-400 mA-+cm ?). The developed synthesis strategy establishes a
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scalable approach for high-performance non-precious metal electrocatalysts, offering significant potential for

green hydrogen production technologies.
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Fig.1 Schematic diagram of the fabrication process of RCO/NF nanorods array electrode(a), TG curves of dried powders of RuCl,,
Cu(NO,), and RuCu coating solutions(b) , XRD spectra of RuO,/NF,CuO/NF,and RCO/NF electrodes(c)
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Fig.3 Morphology of RCO/NF electrode
(a)low magnification SEM image ; (b)high magnification SEM image of Cu-doped RuO, nanorods;
(¢)high magnification TEM image; (d)lattice fringe pattern; (e)-(i)EDX elemental mapping images
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(a)survey spectra; (b)Ru 3p spectra; (¢)O 1s spectra; (d)Cu 2p spectrum
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Fig.6 RuO,(110) crystal plane model(a),Cu-doped RuO,(110) crystal plane model(b) ,and hydrogen adsorption free energy(c)
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Fig.7 Contact angle diagrams of RuO,/NF (a) and RCO/NF (b) electrode surfaces
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