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Table S1 Summary on HER performance of Ni or Mo-containing non-noble metal-based 

catalysts in acidic electrolyte from recent literature.

Catalysts Electrolyte
Overpotential

@ −10 mA cm-2

/ mV

Tafel slope
/ mV dec-1

Loading 
amount 

/ mg cm-2
Reference

E-NiMo-7.5@0.02 0.5 M H2SO4 27.9 25.3 0.88 This work

MoNiS@NiS/CC 0.5 M H2SO4 33 80 1

Ni43Ru57 0.5 M H2SO4 41 31 0.28 2

1Ni-0.5Mo2C/GNS 0.5 M H2SO4 49.6 54.7 0.38 3

NiRu@N-C 0.5 M H2SO4 50 36 4

Ni0.89Co0.11Se2 0.5 M H2SO4 52 39 2.16 5

rGO-MoO3−x–
MoRu(28) 0.5 M H2SO4 60 40 6

CoP-MoO2/MF 0.5 M H2SO4 65 85 4.17 7

3D Mo2C@MoS2 NS 0.5 M H2SO4 67 37 8

Mo–Ni2P NWs/NF 0.5 M H2SO4 67 77 1.13 9

MoSe2-
NiSe@carbon(MN11) 0.5 M H2SO4 67 76.3 0.28 10

Ni2P/OMM-CoN-C 0.5 M H2SO4 68 37 0.26 11

3D Ni2P NPs 0.5 M H2SO4 69 55 10.8 12

Ni-Mo2C@C 0.5 M H2SO4 72 65.8 0.531 13

Ni-doped FeP/C 0.5 M H2SO4 72 54 0.4 14

MoP/CNT 0.5 M H2SO4 83 60 0.5 15

MoO2/MoS2|P 0.5 M H2SO4 85 19.7 16

MoP@C 0.5 M H2SO4 88 50.4 17

MoSe2 NS/MoO2 NB/
CNT-M 0.5 M H2SO4 97 69.7 18

Mo2C/CTSS 0.5 M H2SO4 97 48 0.75 19
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Table S2 Summary on HER performance of Ni or Mo-containing non-noble metal-based 

catalysts in neutral electrolyte from recent literature.

Catalysts Electrolyte
Overpotential

@ −10 mA cm-2

/ mV

Tafel slope
/ mV dec-1

Loading 
amount 

/ mg cm-2
Reference

E-NiMo-7.5@0.02 1.0 M PBS 82.6 188.4 0.88 This work

Ni-B0.54 1.0 M PBS 54 77 1.40 20

NiCo2Px/CF 1.0 M PBS 63 63.3 21

N−Ni 1.0 M PBS 64 106 22

Mo–Ni2P NWs/NF 1.0 M PBS 84 85 1.13 9

Ni0.89Co0.11Se2 1.0 M PBS 82 78 2.16 5

(Fe0.048Ni0.952)2P 1.0 M PBS 90 82.7  1.0 23

MoP/CNT 1.0 M PBS 102 115 0.5 15

Ni–Co–Fe–P/NF-3-75 1.0 M PBS 104 121.7 24

NixP/CNT 1.0 M PBS 105 100 10.0 25

Ni-doped FeP/C 1.0 M PBS 117 70 0.4 14

NiWS/CF 0.2 M PBS 120 244 26

3D Mo2C@MoS2 NS 1.0 M PBS 121 46 8

MoP/NPG 1.0 M PBS 150 102 0.28 27

Co2Ni1N 1.0 M PBS 152.8 90.3 0.24 28

1T‐MoS2/Ni2+δOδ(OH)2−

δ (1:1) 1.0 M PBS 153 106 0.8 29

Co-30Ni–B 0.5 M KPi 170 51 2.1 30

NCP holey nanosheet 1 M PBS 170 106 31

CoMoS4 NS/CC 1.0 M PBS 183 116 1.48 32

MoP@NC 1.0 M PBS 191 95 0.28 33
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Table S3 Summary on HER performance of Ni or Mo-containing non-noble metal-based 

catalysts in alkaline electrolyte from recent literature.

Catalysts Electrolyte
Overpotential

@ −10 mA cm-2

/ mV

Tafel slope
/ mV dec-1

Loading 
amount 

/ mg cm-2
Reference

E-NiMo-7.5@0.02 1.0 M KOH 33.4 96.8 0.88 This work

MoNi4/MoO2@Ni 1.0 M KOH 15 30 43.4 34

NiMo-NWs/Ni-foam 1.0 M KOH 30 86 0.41 35

NiRu@N–C 1.0 M KOH 32 64 4

Ni(OH)2–NiMoOx/NF 1.0 M KOH 36 38 36

NMOU400 1.0 M KOH 40 116 37

CoP–MoO2/MF 1.0 M KOH 42 127 4.17 7

MoP@Ni3P/NF 1.0 M KOH 45 56 38

MoO2/MoS2|P 1.0 M KOH 45 64.2 16

MoP@C 1.0 M KOH 49 54 17

Flame-like Ni(OH)2/NF 1.0 M KOH 56.4 52.8 0.71 39

R‐MoS2@NF 1.0 M KOH 71 100 0.4-0.5 40

NiMo-EDA 1.0 M KOH 72 89 0.35 41

3D Ni2P NPs 1.0 M KOH 73 73 10.8 12

NiMo/NF 1.0 M KOH 73 37.2 0.88 42

Mo–Ni2P NWs/NF 1.0 M KOH 78 109 1.13 9

Ni(OH)2/MoS2 1.0 M KOH 80 60 4.8 43

Ni0.89Co0.11Se2 1.0 M KOH 85 52 2.16 5

MoP/CNT 1.0 M KOH 86 73 15

3D Mo2C@MoS2 NS 1.0 M KOH 86 39 8
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Fig. S1 Bulk Ni/Mo ratio according to NiSO4 concentration in deposition bath.
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Fig. S2 (a) XRD patterns of CP substrate and NiMo-#. (b) The XRD patterns with normalized 

intensity by C(002) peak.



21

Fig. S3 Scale of various applied potentials and potentials of electrochemical reactions.

Fig. S4 HRTEM images of (a) E-NiMo-7.5, (b) E-NiMo-17.5, and (c) E-NiMo-20.7 with FFT 

patterns.
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Fig. S5 (a) XRD patterns of NiMo-# and E-NiMo-# with normalized intensity by C(002) peak. 

(b) Expanded XRD patterns of (a).

Fig. S6 (a) Ni 2p , (b) Mo 3d, and (c) O 1s XPS spectra for NiMo-# samples.
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Fig. S7 Repeated CV curves of (a) E-NiMo-7.5, (b) E-NiMo-17.5, and (c) E-NiMo-20.7 at 

various scan rates in N2-purged 0.5 M H2SO4 electrolyte.

Fig. S8 Scale of various applied potentials and potentials of electrochemical reactions.
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Fig. S9 (a) Chronoamperometry of E-NiMo-7.5@# at various potentials for 1800 s. (b) 

Calculated anodic charge densities.

Fig. S10 FESEM images of (a) E-NiMo-7.5@0.02, (b) E-NiMo-7.5@0.07, (c) E-NiMo-

7.5@0.12, and (d) E-NiMo-7.5@0.17.
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Fig. S11 (a) Ni 2p , (b) Mo 3d, and (c) O 1s XPS spectra for E-NiMo-7.5@# samples.

Fig. S12 (a) OCP of NiMo-7.5 in 0.5 M H2SO4 electrolyte as a function of time. (b) LSV of 

NiMo-7.5, E-NiMo-7.5@0.02, and I-NiMo-7.5 at a scan rate of 5 mV/s in in 0.5 M H2SO4 

electrolyte.
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Fig. S13 XPS survey spectra for NiMo-7.5, I-NiMo-7.5, and E-NiMo-7.5@0.02.

Fig. S14 Gas chromatography analysis of E-NiMo-7.5@0.02 depending on the measuring time.
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Fig. S15 E-NiMo-7.5@0.02 after stability test. FESEM images at (a) low and (b) high 

magnification. (c) HRTEM image. (d) SAED pattern of (c). (e) HRTEM image with FFT 

patterns. (f) Dark field image and elemental mapping for Ni, Mo, and O.
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Fig. S16 (a) XRD patterns of E-NiMo-7.5@0.02 before and after stability test (b) Expanded 

XRD patterns of (a).

Fig. S17. (a) Ni 2p, (b) Mo 3d, and (c) O 1s XPS spectra for E-NiMo-7.5@0.02 samples before 

and after stability test.
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Fig. S18. Nyquist plots of E-NiMo-7.5@0.02 measured at −10 mA/cm2 in N2-purged 0.5 M 

H2SO4, 1.0 M PBS, and 1.0 M NaOH electrolytes.
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Fig. S20. Ni 2p, Mo 3d, and O 1s spectra of (a) as-prepared E-NiMo-7.5@0.02 and after the 

long-term stability at −10 mA/cm2 in N2-purged (b) 0.5 M H2SO4, (c) 1.0 M PBS, and (d) 1.0 

M NaOH electrolytes.
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