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Figure S1. SEM images of NipgsSe under the different hydrothermal temperature
conditions (with the hydrothermal time is 10 h): (a, b) 120 °C, (c, d) 160 °C, (e, f) 180

°C and (g, h) 200 °C.

Figure S2. SEM images of Nij gsSe/RGO under the different hydrothermal temperature
conditions (with the hydrothermal time is 10 h): (a, b) 120 °C, (c, d) 160 °C, (e, f) 180

°C and (g, h) 200 °C.
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Figure S3. (a) The XRD patterns and (b) the polarization curves of the NiygsSe/RGO

in different temperature conditions (with the hydrothermal time is 10h).

Figure S4. SEM images of NijgsSe/RGO under the different hydrothermal time
conditions (with the hydrothermal temperature is 140°C): (a, b) 6 h, (c, d) 8 h, (e, ) 12

h, (g, h) 14 h and (i) 16 h.



Figure S5. SEM images of NijgsSe/RGO under the different hydrothermal time
conditions (with the hydrothermal temperature is 140°C): (a) 16 h, (b, ¢) 18 h, (d, e) 20

h, (f, g) 20 h and (i) 24 h.
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Figure S6. (a) The XRD patterns and the polarization curves of the NijgsSe/RGO in

different time conditions (with the hydrothermal temperature is 140 °C).



Figure S7. SEM images of NijgsSe/RGO synthesized by varying the GO mass: (a)
RGO, (b, C) Nio,g5SC/RGO-1, (d, e) Nio.gsse/RGO-z, (f, g) Ni0.85SC/RGO-4 and (h, 1)

Ni0.85Se/RGO-5.
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Figure S8. OER polarization curves of catalysts with and without iR compensation on
GCE in 1.0 M KOH. The solution series resistances (Rs) were determined by the EIS,

all of the catalysts show the similar R (~7 Q).

(b) 600

(a) 80

— Ni, Se/RGO-1 —e—Ni,  Se/RGO-1
of —— Ni, Se/RGO-2 —e—Ni,  Se/RGO-2 E-
60 F —Ni__Se/RGO-3 ——Ni, _Se/RGO-3 &8
Nf'\ 085 500 F 0.85 =
"= 50} —Ni, Se/RGO-4 ——Ni,  Se/RGO-4 >
E .u)h i 085 ) bcc
o —Ni,  Se/RGO-5 > —+—Ni, Se/RGO-5 &
40F c ¥ -
E 30 E 400t o
=y 28y
=20 e
91 mv dec
T 300}
0
1 1 1 1 1 1 1 1 'l '
.1 1.2 13 14 L 1.6 1.7 08 1.0 12 14 16, 1.8 20

5
E (V vs. RHE) log j (mA cm™)
Figure S9. (a) the polarization curves and (b) Tafel plots derived from (a) of the various

Nigg5S¢/RGO composites.
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Figure S10. Cyclic voltammetry of NijgsSe/RGO electrode.
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Figure S11. OER Nyquist plots of the various NijgsSe/RGO composites at a potential

of 1.42 V (vs. RHE), equivalent circuit model (the inset).
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Figure S12. (a-f) Cyclic voltammograms at different scan rate for NijgsSe and the
various NipgsSe/RGO composites; (g) Capacitive currents at 1.12 mV vs. RHE of

various Nij gsSe/RGO composites for electrocatalytic OER.
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Figure S13. HER polarization curves of catalysts with and without iR compensation
on GCE in 1.0 M KOH. The solution series resistances (R;) were determined by the

EIS, all of the catalysts show the similar Ry (~7 Q).
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Figure S14. (a) the polarization curves and (b) Tafel plots derived from (a) of the

various Nij gsSe/RGO composites.
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Figure S15. HER Nyquist plots of the various NijgsSe/RGO composites at a potential

of'-0.35 V (vs. RHE), equivalent circuit model (the inset).
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Figure S16. (a-f) Cyclic voltammograms at different scan rate for NijgsSe and the

various NipgsSe/RGO composites; (g) Capacitive currents at 0.25 mV vs. RHE of

various Nij gsSe/RGO composites for electrocatalytic HER.



Calculation of activity and turnover frequency
Mass activity (J, A g!) and turnover frequency (TOF) were evaluated at an
overpotential of n=300 mV vs RHE.
The mass activity was calculated from the catalyst loading m (0.35 mg cm™) and the
measured current density J (mA cm2).

Mass activity = J/m
Turnover frequency was calculated by the following equation:

TOF = (JxA)/(4xFx*n)
Where J is the current density at a given overpotential, A is the surface area of the
electrode, the number of 4 represents 4 electrons/mol of O,, F is the Faraday constant
(96485.3 C mol'), and n stands for the number of moles of Ni ions in NijgsSe and

Nig5sS¢/RGO [S3].

Table S1 Experimental conditions for the preparation of Nij gsSe/RGO Catalysts

NiCl,-6H,0 Se GO
Catalysts
(mg) (mg) (mg)
Nig g5Se/RGO-1 607 237 30
Nip gsSe/RGO-2 607 237 60
Nig g5S¢/RGO-3 607 237 90
Nig gsSe/RGO-4 607 237 120

Nig sSe/RGO-5 607 237 150
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Table S2 Summary of OER performances of some catalysts in previous works.

catalysts n (mV) j (mA cm?) reference

Nij 35Se/RGO 30 320 This work

NiggsSe 10 367 This work
Nig g5Se¢/GS 10 302 [S1]
Ti@Nig gsSe 30 270 [S2]
NiSe-Nig gsSe/CP 10 300 [S3]
CoySs@MoS,/CNF 10 430 [S4]
Ni(OHy, 10 300 [S5]
N-graphene-CoO 10 340 [S6]
NiSe@NiOOH/NF 50 332 [S7]
NiCo0,S4/RGO 10 366 [S8]
Ni@graphene 10 370 [S9]

NixCo3.40O4 10 420 [S10]




Table S3 Summary of HER performances of some catalysts in previous works.

catalysts j (mA cm?) N (mV) reference

Nig g55¢/RGO 10 169 This work

Nig gsSe 10 437 This work
Nig g55e¢/GS 10 200 [S1]
Ti@Nig gsSe 30 120 [S2]
NiSe-Nij gsSe/CP 10 101 [S3]
CogSg@MoS,/CNF 10 190 [S4]
NizS, 10 223 [S11]
NiSe 10 187 [S12]
NiSe, 40 200 [S13]
NiSe,@NG 10 248 [S14]
NilCol - P 10 169 [S15]
Nip g5Se-SnO, 25 290 [S16]




Table S4 Summary of overall water splitting performances of some catalysts in

previous works.

overall water splitting
catalysts j (mA cm?) reference
performance (V)

Ni g5S¢/RGO 10 1.64 This work
Nip g5S€/GS 10 1.7 [S1]
Ti@Nio g5Se 10 1.66 [S2]

NiSe-Nij sS¢/CP 10 1.62 [S3]

Mo-Ni3S,/NF 10 1.49 [S17]

Ni@NC 10 1.6 [S18]

NiFe/NiCo,04/NF 10 1.67 [S19]




Note: GS, graphite substrate; CNF, carbon nanofibers; NF, Ni foam; CP, carbon fiber
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