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1. Experimental Section
1.1. Materials

Nickel nitrate hexahydrate (Ni(NOj),-6H,0), vanadium trichloride (VCl;), selenium dioxide
(Se0,), hydrazine hydrate (N,H4;H,0), ethanol (C,HsOH), hydrochloric acid (HCI), ruthenic
dioxide (RuO,) and Nafion (5 wt%) were purchased from Sinopharm Chemical Reagent Co., Ltd.
Milli-Q ultrapure water was used for all experiments. Nickel foam (NF) was used as the substrate.
All chemicals were analytical grade and used as received without further purification.
1.2. Preparation of RuQ; electrode on NF

A total of 1.2 mg RuO, powder was dispersed in 350 pL deionized water, 500 pL of ethanol, and
50 pL of 15 wt% Nafion solution through ultrasound for 30 min to form a uniform suspension. 300
uL of powder ink was loaded onto as-cleaned NF (1x1 c¢m?), followed by the dry air at room
temperature (Fig. Sle). The average mass loading of RuO, on NF is about 0.4 mg-cm™2,
1.3. General characterizations

The morphology of as-prepared catalysts was characterized by a field-emission scanning electron
microscope (FESEM, JSM-7610F, 15 kV). The morphologies of samples were further confirmed
by transmission electron microscope (TEM, Titan3 G2 60-300, 300 kV). The elemental distributions
of the samples were characterized by the energy-dispersive X-ray spectroscopy (EDS) mapping
affiliated with the TEM, and the EDS was also imaged from the TEM. Thermo Fisher Scientific K-
Alpha was performed to get the X-ray photoelectron spectroscopy (XPS) data, using a
monochromated source of X-rays (Mg Ka, photon energy 1253.6 eV) for excitation.
1.4. Electrochemical Test

All the electrochemical tests were proceeded in a standard three-electrode system by a CHI660E
electrochemical station (CH Instruments, Inc., Shanghai) at room temperature. For detail,
Ni3S,@Ni;Se,/NF was directly used as the working electrode, a graphite carbon rod was used as
the counter electrode, and a mercury oxide electrode (Hg/HgO) was used as the reference electrode.
All electrochemical measurements were carried out in a | M KOH solution. The measured potentials
were transformed to a reversible hydrogen electrode (RHE) according to the equation: Egryg =
Engtgo T 0.059xpH + 0.098. The pH of 1 M KOH is measured to be 13.74. The OER measurements
were recorded by linear sweep voltammetry (LSV) at a scan rate of 5 mV s'!. Electrocatalytic

stability was investigated by performing successive cyclic voltammetry (CV) sweeps in the voltage
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range of 0-1.1 V at a scan rate of 40 mV/s. All polarization curves were corrected by i-R losses. The
plots of electrochemical impedance spectroscopy (EIS) were measured with 5 mV amplitude in a
frequency of 0.01 Hz ~ 100 kHz.

To obtain the effective electrochemical active surface area (ECSA) of electrocatalysts, a series of
cyclic voltammetry (CV) measurements were executed first at various scan rates (5, 10, 15 mV s,
etc.). By plotting the difference of current density (J) between the anodic and cathodic sweeps
(Janodic—Jeathodic) against the scan rate, a linear trend was constructed. Then, the geometric double-

layer capacitance (Cg4;) was easily calculated.
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2. Supplementary Figures:

@ ® © @ @©

Fig. S1. Optical image of (a) the bare NF, (b) Ni3S,/NF, (c) Ni3Se,/NF, (d) NizS,@Ni;Se,/NF and

(e) RuO,/NF, respectively.
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Fig. S2. The SEM images of bare NF (a) with low magnification, (b) with high magnification.
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Fig. S3. The EDS spectrum of Ni;S,@Ni;Se,/NF electrode.
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Fig. S4. Comparison of overpotentials of different current densities under OER test in 1 M KOH

electrolyte.
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Fig. S6. Comparisons of the EIS parameter of OER test in 1.0 M KOH.
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Fig. S7. Electrocatalytic stability. (a-b) Polarization curves and Nyquist plots of NizS,@Ni3Se,/NF

electric catalyst initially as well as after 2000 CV cycles; (¢) Chronopotentiometry curve of the

NizS,@Ni;Sey/NF recorded at 1.67 V for 100 h; (d) Time-dependent concentration of dissolved Ni

and Se in 1 M KOH.
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Fig. S15. (a) Ni3Se; (211) surface structure model; and (b) the structure model of adsorption of H,O;
(c) Structure model of adsorption of H,O (intermediate); (d) Structure model of adsorption of

OH+H; (e) Structure model of adsorption H.
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model of adsorption of H,O; (c) Structure model of adsorption of H,O (intermediate)

model of adsorption of OH+H; (e) Structure model of adsorption H.
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Supplementary Tables:

Supplementary Table S1 Comparison of the OER activity of Ni3S,@Ni;Se,/NF with other

reported non-noble metal-based electrocatalysts in basic media (1 M KOH).

Ni;S,@NizSe,/NF 10 234.89 This work

[1] Journal of Materials Science & Technology, 2021, 78:

CoSe,@Fe-CoO 10 280
229-237.
Nip g5Se-O/CN 10 240 [2] Chemical Engineering Journal, 2023, 454: 140291.
[3] International Journal of Hydrogen Energy, 2024, 51:
NiSe,@Fe-NiCo LDH 10 260
1154-1166.
NiSe,@MoS, 10 267 [4] RSC advances, 2021, 11(43): 26928-26936.
[5] Journal of materials chemistry A, 2020, 8(16): 8113-
NioA94Feoloésez 10 279
8120.
P-NiSe, @N-CNTs/NC 10 306 [6] Journal of Energy Chemistry, 2021, 60: 111-120.
Feg,NiggSe, 10 242 [7] Chemical Physics Letters, 2022, 808: 140126.
Nig gFep»Se,/CC 10 257 [8] Electrochimica Acta, 2022, 425: 140711.
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