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Chemicals

All solvents and chemical reagents used in this work are analytical reagents and are
used without further purification. Thiourea (CHsN2S) was acquired from
Dingshengxin Chemical Reagent Co., Ltd in Tianjin. The nickel foam (NF, whose
thickness is 1.6 mm and bulk density is 0.45 g cm™) was from Shenzhen Tianchenghe
Technology Co. Ltd. Sodium molybdate dehydrate (Na2MoQO4-2H,0) was obtained
from Bodi Chemical Reagent Co., Ltd in Tianjin. 5 wt% Nafion solution was got from
Sigma-Aldrich Chemical Reagent Co., Ltd. Ethanol and sulfuric acid (H2SO.) were
from Beijing Chemical Reagent Co., Ltd.
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Characterization.

X-ray powder diffraction (XRD) patterns of the as-synthesized samples were obtained
using a X pert pro MPD diffractometer (Cu Ka radiation, 2 = 1.54056 A), operating at
40 kV and 40 mA. The morphologies of the samples were inspected using field
emission scanning electronic microscope (FESEM, S-8010, Hitachi) at an
acceleration voltage of 10 kV and a high-resolution transmission electron microscope
(HRTEM, JEM-2010, JEOL and FEI Technai G2 F20) at an acceleration voltage of
200 kV. X-ray photoelectron spectroscopy (XPS) spectra of the as-obtained products
were collected using ESCALAB 250Xi spectrometer (Thermo Fisher) with Al-Ka
X-ray as the radiation source. Raman spectra were carried out by using a microscopic
confocal Raman spectrometer (LabRAM Aramis, Horiba Jobin Yvon) using a 633 nm
He-Ne laser.

Electrochemical measurements

HER performance of all the catalysts was measured on the CHI 660E electrochemical
workstation. Electrochemical impedance spectroscopy (EIS) was performed from 100
kHz to 0.01 Hz at -200 mV vs. RHE, with an AC amplitude of 5 mV. All potentials
tested were calibrated to reversible hydrogen electrode (RHE) by the equation: Erne)
= Eagiagen + 0.1976V + 0.0591xpH.

Calculation method

First-principles calculations was performed using density functional theory (DFT) [1]
within project augmented wave method (PAW) [2] implemented in the Vienna ab
initio Simulation Package (VASP) [3]. Exchange and correlation energy is performed
by Perdue-Burke-Ernzerhof (PBE) [4] wversion of the generalized gradient
approximation (GGA). A vacuum separation of 15 A was performed to avoid periodic
force. And the bottom seven layers of atoms are fixed to simulate the bulk properties.
A plane-wave cutoff energy of 450 eV is efficient to guarantee the convergence of the
total energy. The atoms are completely relaxed with force below than 0.03 eV/A. The
vacancy formation energy was defined by Eags = E(Ov)-E(perfect) + 1/2 E (O2), where

E(Ov) is the total energy of structure containing the O vacancy, and E(perferect) and



E(O.) are the energies of strture without vacancy and isolated O gas, respectively.

Table S1. Average mass loading of catalysts on NF substrates.

Samples Mass loading /mg cm™
MoOx/NizS2/NF-01 2.87
MoOx/NisS2/NF-11 2.92
MoOyx/Ni3S2/NF-21 2.94
MoOs/NF 2.92
Pt-C/NF 2.92

Table S2. The simulated series resistance (Rs) and charge transfer resistance (Rct)
values based on the fitting models.

Samples Rs /Q Ret/Q
MoOx/NizS2/NF-11 2.10 6.51
com-MoOs/NF 0.43 21.51
Pt-C/NF 2.16 2.82

Fig. S1 SEM images of Ni foam (NF) at different magnification.



Fig. S3 (a) HAADF-STEM image of MoOx/NisS2-11 and (b) corresponding line

Scans.
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Fig. S4 Raman spectrum of MoOx/NizSo/NF-11.
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Fig. S5 FT-IR spectra of MoOx/Ni3S2/NF-11.
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Fig. S6 Polarization curves of MoOx/NisS2/NF-01, MoOx/NisS2/NF-11, and
MoOx/NisS2/NF-21.
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Fig. S7 Cyclic voltammetry curves of (a) MoOx/NisS2/NF-11, (b) Pt-C/NF, (c)
com-MoOs/NF and (d) plots showing the extraction of the Cai.

Fig. S8 The differential charge density distribution of MoO3/NisS; (without oxygen

vacancy).



Fig. S9 SEM images of the sample after the 100 h stability test of MoOx/NizSo/NF-11.
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