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DFT calculation

The DFT calculations were performed using the Cambridge Sequential Total Energy Package
(CASTEP) with the plane-wave pseudo-potential method. The geometrical structures of the (111)
plane of Ni;S,, the (003) plane of NiOOH, and (010) plane of FeOOH were optimized by the
generalized gradient approximation (GGA) methods. The Revised Perdew-Burke-Ernzerh of
(RPBE) functional was used to treat the electron exchange correlation interactions. A Monkhorst
Pack grid k-points of 6*6*1 of Ni3S,, NiIOOH, Ni;S,@NiOOH and Ni;S,@FeOOH, a plane-wave
basis set cut-off energy of 480 eV were used for integration of the Brillouin zone. The structures
were optimized for energy and force convergence set at 0.05 eV/A and 2.0x107° eV, respectively.

The vacuum space was up to 0.002 A to eliminate periodic interactions.
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Fig. S2 The Raman spectra of Ni3S,/NF and Ni;S,@NiOOH/NF catalysts.
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Fig .S3 The XRD patterns of Ni3S,@NiOOH/NF before and after HER stability test.



Fig. S4 The SEM image of Ni;S,@NiOOH/NF before and after HER stability test.
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Fig. S5 The HER performance and Tafel slope of Niz;S,@NiOOH (a, ¢) and
Niz3S,@CoOOH (b, d) samples prepared with different Ni and Co sources.
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Fig. S6 Density of states for Ni3S,, (a) Ni and (b) S.
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Fig. S7 Density of states for NIOOH, (a) Ni and (b) O.
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Fig. S8 Density of states for Ni;S,@NiOOH, (a) Ni, (b) O and (c) S.
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Fig. S9 Density of states for Ni;S,@FeOOH, (a) Fe, (b) O, (c) Ni, (d) S.



Table S1 HER performances and Tafel slope of NizS,@NiOOH/NF and other

reported electrocatalysts in alkaline.

Overpotential  Tafel slope
Catalyst electrolyte Ref.
at 10 mA/cm? (mV/dec)

NizS,@NiOOH/NF 1.0 M KOH 79 75.1 This work
Ni;S,-CoMoS,/NF 1.0 M KOH 234 125 [1]
Ni;S»/VG@NiCo LDHs 1.0 M KOH 120 87 2]
Co504@Mo-C03S4-Ni;3S,/NF 1.0 M KOH 116 97 [3]
SnS-Ni;S,/NF 1.0 M KOH 145 86 [4]
Fe-Mo-S/Ni; S, @NF 1.0 M KOH 141 123 [5]
CoNi,S4/Ni;S,@NF 1.0 M KOH 171 88.6 [6]
Ni;S,@CoAl-LDHs 1.0 M KOH 175 108 [7]
C0S,-Ni;So/NF 1.0 M KOH 102 141 [8]
Co09Sg-Ni3S,/NF 1.0 M KOH 215 171.2 [9]
a-MoS,-Ni3;S,/NF 1.0 M KOH 81 90.7 [10]
NiFe LDH@Ni5S,/NF 1.0 M KOH 184 115 [11]
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