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Figure S2. SEM images of (a) NiSe2 and (b) NiSe2/rGO.
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Figure S3. SEM image of the pure MoS:.
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Figure S4. SEM images of (a) NiSez, (b) MoS2/NiSe2-1, (c) MoS2/NiSe2, (d) MoS2/NiSe2-2, (e)
MoS2/NiSe2/rGO-1, and (f) MoS2/NiSe2/rGO-2.
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Figure S5. XRD patterns of (a) NiSe2, M0S2/NiSe2, M0S2/NiSe2-1, MoS2/NiSe2-2, MoS2/NiSe2/rGO,
MoS2/NiSe2/rGO-1, MoS2/NiSe2/rGO-2 and (b) the pure MoS2.
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Figure S6. Raman spectra of NiSez, NiSe2/rGO, M0S2/NiSe2, M0S2/NiSe2/rGO and MoS:.
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Figure S7. (a) XPS survey spectra. (b) Ni 2p
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Figure S8. (a) Polarization curves (iR-corrected) at a scan rate of 2 mV s of NiSe2, MoS2/NiSez,
MoS:2/NiSe2-1, M0S2/NiSe2-2, M0S2/NiSe2/rGO, Mo0S2/NiSe2/rGO-1, Mo0S2/NiSe2/rGO-2, RuO:2 and
Ni foam, respectively. (The overall thickness, porosity, thread thickness, and pore density of Ni
foam is 0.3 mm, 96%, 40-100 um, and 110 PPI, respectively.) (b) Tafel plots of a series of samples.
(c) Nyquist plots at an overpotential of 300 mV.
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Figure S9. CV curves for (a) MoS2/NiSe2/rGO, (b) MoS:2/NiSez, (c) NiSe2/rGO, (d) MoS2/rGO with
various scan rates (20, 50, 80, 100, 120, 150 mV S-).
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Figure S10. (a) Polarization curves (iR-corrected) at a scan rate of 5 mV s™ of NiSe2, MoS2/NiSez,
MoS2/NiSe2-1, M0S2/NiSe2-2, M0S2/NiSe2/rGO, MoS2/NiSe2/rGO-1, MoS2/NiSe2/rGO-2, Pt/C and
Ni foam, respectively. (b) Tafel plots of a series of samples. (c) Nyquist plots at an overpotential of

120 mV.
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Figure S11. CV curves for (a) MoS2/NiSe2/rGO, (b) Mo0S2/NiSe:, (c) NiSez/rGO, (d) MoS2/rGO with
various scan rates (20, 50, 80, 100, 120, 150 mV S-).
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Figure S12. Optimized structural representations for hydrogen adsorption at (a) MoS2, (b)
MoS2/rGO, (c) MoS2/NiSe2/rGO. Calculated free energy diagrams of the HER on MoSz, MoS2/rGO,
NiSe2/rGO, and MoS2/NiSe2/rGO, respectively.

DFT Calculation method: The present first-principles density-functional theory
(DFT) calculations were performed using the Vienna ab initio simulation package
(VASP)SI.  The generalized gradient approximation (GGA) with revised-
Perdew-Burke-Ernzerhof (RPBE) was applied for the exchange—correlation function-
alsi2l. The wave functions were employed in a plane wave basis set with an energy cutoff
of 400 eV. The convergence criterion for the self-consistency process was set to 104eV
between two ionic steps. During the structural relaxations, all atoms are fully relaxed until
the residual forces on each direction are smaller than 0.02 eV/A. The zero damping DFT-
D3 method of Grimmel$3 was adopted in describing van der Waals interactions. To mini-
mize the lattice mismatch, the periodic supercell slab models were constructed among a
4x6v3 Mo0S2, a 2 x 3 NiSez and a 6 x 843 graphene monolayer with a 2 x 2 x 1 k-point
mesh, All the slab models were separated by a vacuum of 15 A thickness to ensure decou-
pling between neighboring slabs.

The Gibbs free energy change for each elemental step of the HER was calculated
based on the computational hydrogen electrode (CHE) modells4l proposed by Nerskov et
al., expressed as:

AG = AE +AE,,, —TAS

M
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Where AE, AEzre, and AS are the energy obtained directly from DFT calculations,
change in zero-point energy, and change in entropy terms, respectively, with temperature
T=298.15 K.

Table S1. Comparison of electrocatalytic performance of different catalysts in 1 M KOH electrolyte.

Loading* OER . HER Overall
Catalyst (mg cm-?) Overpotential @ j Voltage Ref.
(MmV@10mA cm™2) (V@10 mA cm™)
MoS,/NiSe,/rGO 4 230 127 1.52 This work
Ni-Co-P hollow 2 270 107 1.62 S5
nanobricks
F€0409C00413-Nisez/CFC - 251 92 1.52 S6
NiSe,/Ni foam 0.2 235 166 1.64 S7
Ni3S>@NGCLs/NF - 271 140 1.55 S8
NiMo-PVP 0.5-0.6 297 147 1.66 S9
N-NiMoO4/NiS, 0.2 283 99 1.60 S10

* The comparison catalysts are all non-precious metals, and this table can be used to
measure the catalytic performance of the different catalysts without considering the small
cost gap caused by the different loadings.

Table S2. Comparison of the electrocatalytic activity of MoS2/NiSe2/rGO with MoS2/rGO,
NiSe2/rGO in 1 M KOH electrolyte.

OER / mV HER / mV
Catalyst
120 1150 1100 10 1150 1100
MoS,/NiSe,/rGO 277 335 367 127 mV 184 223
MoS,/NiSe, 299 363 423 141 202 241
NiSe»/rGO 328 365 407 164 247 301
MoS,/rGO 390 460 490 259 346 374
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