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Table S1 Comparison of OER property of Ni;S,/NF-2 with other nonnoble-metal

electrocatalysts in 1.0 M KOH electrolyte.



Catalyst J(mA cm?)  Overpotential (mV) Ref.

C0304/Co(OH),-8 10 373 1
Ni(OH),/Ni;S,-12 20 300 2
NiCo0,04/Ni;Sy/NF 40 360 3
MnCo,S, 50 325 4
Fe(TCNQ), 50 353 5
Ni(OH),-TCNQ 100 354 6
Nij 30,-C0S,/CC 100 370 7
Co-P 100 413 8
Co-S/Ti 100 430 9
Ni3S,/NF-2 100 425 This work

Table S2 The adsorption energy of N,H4 and H,O molecule (AE, in the unit of eV) ,
the O-H bond length of H,O (Dg_y, in the unit of A), the N-N and N-H of N,H, (Dn.N
and Dy.y, in the unit of A), the H-O-H bond angle of H,O (<H-O-H, in the unit of °),
the H-N-N and H-N-H bond angle of N,H,; (<H-N-N and <H-N-H, in the unit of °),
the charge transfer through bader analysis, negative value indicates electron

accumulations.

AE  Dony Dnn Dnm <H-O-H <H-N-N <H-N-H Charge

H,0-1 -0.82  0.985 - - 105.597 - - -0.0511



H,0-2  -0.17 0.977 -

N,Hy-1 -1.35 - 1.459

NpHy-2  -1.41 - 1.450
H,0-mole - 0.972 -
N,H4-mole - - 1.488

104.964 -

- 111.943
- 112.625

104.533 -

- 103.871

108.814
107.777

102.403

-0.0166
-0.1464
-0.1216

(I) Ni(OH), growth

pH=3 HCl i

\ \|

Fig. S1 Schematic illustration of the fabrication processes of Ni3S,/NF.

(IT) In situ sulfidation
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Fig. S2 The top (up) and side (down) Ni3S;(110) surface model with three atomic
layer, one atomic layer with two red dashed line was composed of three Ni;S, unit, Ni
and S atom in light blue and yellow, respectively. The dashed blue circle indicates

low and high coordinate Ni atoms, named as Ni-1 and Ni-2, respectively.




Fig. S3 The possible adsorption configurations of N,H4 and H,O molecule with side
(up) and top (down) view, named as (a) NoHy-1, (b) NoHy-2, (¢) H,O-1, (d) HO-2. Ni,

S, O, N, and H in light blue, yellow, red, green and white, respectively.

Fig. S4 SEM images of Ni3S,/NF-3.

Fig. S5 TEM image of Ni;S,/NF-2 with overlapped nanosheet.



Fig. S6 Cross-sectional SEM images of (a) Ni3S,/NF-1, (b) Ni3S,/NF-2 and (c)

Ni;S,/NF-3.
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Fig. S7 Cyclic voltammogram measurements of (a) Ni3S,/NF-1, (b) Ni3S,/NF-2 and
(c) Ni3S,/NF-3 with different scanning rates in 1.0 M KOH.

To appraise the electrochemical capacitance surface area (ECSA) of the as-

prepared samples, we record the electrochemical double-layer capacitances (Cq) by



CV curves in the sweeping region without faradaic process happens.! CV
measurements are swept from 0.975 to 1.075 V vs. RHE electrode with different scan
rates of 5, 10, 20, 30, 40 and 50 mV s~!. The electrochemical double-layer capacitive
current densities are measured at 1.025 V vs. RHE and plotted as a function with scan
rate to obtain electrochemical double-layer capacitance (Cq, the slope of the current
density vs. scan rate plots). The ECSA is proportional to their Cq.!!

The obtained potentials in all experiment were converted into the potentials vs.
RHE (reversible hydrogen electrode), according to the equation of E (vs. RHE) = E?
(vs. Hg/HgO) + 0.098 V + 0.059pH, (0.098 V is the standard electrode potential for
Hg/HgO at 25°C).12

Fig. S8 (a) SEM and (b) TEM images of Ni;S,/NF-2 after long-term stability test of

OER process.
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Fig. S9 Survey XPS spectra of Ni3S,/NF-2 before (fresh sample) and after

electrocatalytic HZOR and OER process.

(b) H,0

0

Fig. S10 The molecule model of (a) N,H, and (b) H,O, among O, N and H in red,

green, white, respectively.

Fig. S11 The side (up) and top (down) view of adsorption configurations of (a) N, and



(b) O, molecules on the Ni3S; (110) surface. Ni, S, O and N in light blue, yellow, red

and green, respectively.
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Fig. S12 The partial charge density of Ni3S,(110) surface around fermi level of 0.1 eV
with side (a) and top (b) view, H,O and N,H; molecule with HOMO (c, d) and
LUMO (e, f). The iso-surface value with pink contour is 0.01 e/bohr3. Ni, S, O, N, and
H in light blue, yellow, red, green and white, respectively. The dashed blue circle

indicates high and low coordinate Ni atoms.
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Fig. S13 (a) LSV curves with iR drop compensation and (b) the corresponding Tafel
plots of NF, Ni(OH),/NF, Ni3S,/NF-1, Ni3S,/NF-2, Ni;S,/NF-3 and commercial Pt/C
at a scanning rate of 5.0 mV s-'. (¢) and (d) HER durability tests for the Ni;S,/NF-2

electrocatalyst in 1.0 M KOH.
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Fig. S14 LSV curves with iR drop compensation of Ni;S,/NF-2 at a scanning rate of

5.0 mV s'! with (red line) and without (black line) 0.2 M hydrazine.



P
[—]

[%)
=}
1

(5]
(+-]
1

Current (mA)
=

w
[=2]
1

[5%]
(4}

o
w

10 15 20 25 30
Time {min)

Fig. S15 The current density of Ni3S,/NF-2 catalyzed HzOR for H, generation with a

potential of 0.75 V in two-electrode system (Ni3S,/NF-2 as both anode and cathode).
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Fig. S16 The collected amount of (a) H, and (b) N, theoretically calculated and

experimentally measured vs. time.
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Fig. S17 Chromatograms for the HZOR production catalyzed by Ni;S,/NF-2 in two-
electrode system with 0.2 M hydrazine in 1.0 M KOH.
The oxidation product of hydrazine was first analyzed by gas chromatography (GC,
Beijing aulight Technology Co., Ltd, GC-7920).
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