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Experimental Section

Materials

KOH (AR, =85%), HCI (AR, 36.0~38.0%), and Ethanol (AR, =95%) were sourced

from Sinopharm Chemical Reagent Co., Ltd. Ni(NO3),-6H,O (AR, 98%), Na,MoO,
(AR, 99%), and RuCl; (Ru content 45~55%) were purchased from Aladdin (Shanghai,

China). All the reagents were used without any further purification.

Synthesis of Ru-NiMoO,/NF

In a typical preparation of the Ru-NiMoO./NF, one piece of commercial Nickel Foam
(NF) was cleaned in HCI, ethanol, and DI water by ultrasonic to remove the oxide layer.
The cleaned NF was placed in the hydrothermal synthesis reactor with the same mole
ratio of Na,MoO, and Ni(NOs),"6H,O aqueous solution. Then, the hydrothermal
synthesis reactor was sealed and heated at 150°C for 6 hour. After cooling to room
temperature, the NiMoO4/NF precursor was obtained after washed with DI water and
ethanol. Then, the obtained NiMoO,/NF precursor was immersed into ethanol solution
containing RuCl; and heated at 100°C for 12 h. Finally, the sample was placed in a
porcelain boat and annealed at 350 °C for 2 h in N, atmosphere with the heating rate of
2 min-! to synthesis Ru-NiMoO,4/NF. The mass of the Ru-NiMoO4/NF and NiMoO4/NF

are 6.3 mg cm and 13.7 mg cm2, respectively.

Preparation of Ru+NiMoO,/NF

Briefly, 10 mg of 5 wt.% commercial Ru/C catalyst was dispersed into a solution (40
uL ethanol, 50 puL. water, and 10 pL 5% Nafion) and sonicated for 30 min to obtain a
uniform ink solution. Subsequently, 60 puL of the ink solution was dropped on the NF (1

x 1 cm?) and dried at room temperature.

Material characterizations



Scanning electron microscopy (SEM) measurements were conducted to study the morphology of the
samples on ZEISS Sigma 300. High-resolution transmission electron microscopy (HR-TEM) was
performed on JEOL JEM 2100F. Inductively coupled plasma optical emission spectrometer (ICP-
OES) was obtained from Aglient 7850. The sample was dissolved in the mixed solution of nitric acid
and hydrochloric acid. Powder X-ray diffraction (XRD) was carried out on Rigaku Miniflex 600. X-
ray photoelectron spectroscopy (XPS) was undertaken on Thermo Scientific K-Alpha. N,

adsorption-desorption isotherm were recorded by Micromeritics ASAP 2460.

Electrocatalytic measurements

Electrochemical workstation (CHI 760E; Shanghaichenhua Instruments, China) instrument was used
to evaluated the electrochemical performance of the catalysts in a standard three-electrode system at
room temperature. The as-prepared catalysts cut into 1x1 cm? were as working electrode, the
graphite rod was as counter electrode, and the Hg/HgO electrode was as reference electrode. All of
the electrochemical data were converted to reversible hydrogen electrode (RHE) according to the
following Nernst equation: E(RHE)=E(Hg/HgO)+E©(Hg/HgO)+0.059xpH. The Linear sweep
voltammetry (LSV) was recorded in 1M KOH with iR compensation at a scan rate of 5 mV s'!. EIS
measurements were evaluated in the frequency range from 0.1 Hz to 100 kHz with an amplitude of 5

mV. The stability of Ru-NiMoO4/NF was tested by chronoamperometric i-t measurement.



Fig. S2 TEM images of NiMoO,-NF at different magnifications.
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Fig. S3 The EDS spectrum of Ru-NiMoO,4-NF.
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Fig. S4 N, adsorption-desorption isotherms of (a) Ru-NiMoO4-NF and (b) NiMoO4-NF.
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Fig. S5 (a) Full XPS spectrum of NiMoO,4-NF. High-resolution XPS spectra of (b) Ni 2p,
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(c) Mo 3d, and (d) O 1s for NiMoO,4-NF and Ru-NiMoO,4-NF.
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Fig. S6 LSV curves of Ru+NiMoO4-NF and Ru-NiMoO4-NF in 1 mol/L KOH.
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Fig. S7 LSV curves of Ru-NiMoO,-NF at different calcination temperature in 1 mol/L KOH.
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Fig. S8 LSV curves of Ru-NiMoO4-NF with different content of Ru in 1 mol/L KOH.
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Fig. S9 The cyclic voltammetry curves of (a) Ru-NiMoO4-NF and (b) NiMoO4-NF in 1.0 M KOH

recorded at different scan rates from 2 to 10 mV s..
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Fig. S10 Polarization curves of NiMoOy4-NF before and after 3000 cyclic voltammetry cycles test.

Fig. S11 SEM images of Ru-NiMoO,-NF in alkaline KOH after durability test.
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Fig. S12 (a) Ni 2p, (b) Mo 3d, (¢) O 1s, (d) Ru 3d, and (e) Ru 3p XPS spectra of Ru-NiMoO,4-NF

after HER.



Table S1 Comparing the HER activity of our catalysts with other reported NiMoO4-NF

electrocatalysts on basis of overpotential at 10 mA c¢cm and Tafel slope.

Overpotential Tafel slope
Catalyst Reference
at 10 mA cm? (mV dec)
Ru-NiMoO,-NF 52 45 This work
NiMoO,@Co30, 120 58 1
Ru/P-NiMoO,@NF - 89.2 2
Sea urchin-like
68 91.33 3
NiMoO,4-200/NF
RuO,-NiMoO-CC-30 37 61 4
N-NiMoO,4/NiS, 99 74.2 5
NiMo HNRs/TiM 92 78 6
NiMoN 109 95 7
NiMo-NGTs 65 67 8
Ni-Mo nanopower 80 - ?
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