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Fig. S1 XRD pattern of Mn70Ni30 initial alloy.

Fig. S2 XRD patterns of dealloyed catalysts: (a) np-Ni(Mn)-3h, (b) np-Ni(Mn)-6h and 

(c) np-Ni(Mn)-9h.



Fig. S3 XPS spectra of MnNi3/np-Ni-3h electrode: (a) Ni 2p, (b) Mn 2p, (c) O 1s. 

XPS spectra of MnNi3/np-Ni-6h electrode: (d) Ni 2p, (e) Mn 2p, (f) O 1s.



Fig. S4 Initial four LSV curves of MnNi3/np-Ni-9h electrode.

Fig. S5 EPR spectra of MnNi3/np-Ni-9h electrode.



Fig. S6 CV curves (0.1～0.2 V vs. RHE) of (a) np-Ni(Mn)-3h, (b) np-Ni(Mn)-6h, (c) 

np-Ni(Mn)-9h, (d) MnNi3/np-Ni-3h, (e) MnNi3/np-Ni-6h and (f) MnNi3/np-Ni-9h 

electrodes under different scan rates (5～100 mV s-1).



Fig. S7 (a) Photograph of hydrogen production/collection device. (b) Photographs of 

H2 yield at constant potential of 300 mV within 120 min. (c) Actual H2 yield 

calculated by formula S1. (d) Theoretical H2 yield calculated by formula S2.
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Fig. S8 Photograph of hydrogen production/collection device under industrial 

conditions (6M KOH, 60 ℃).



Fig. S9 (a) XRD pattern, (b) SEM image, (c) HRTEM image of post-tested 

MnNi3/np-Ni-9h. XPS spectra of post-tested MnNi3/np-Ni-9h: (D) Ni 2p, (E) Mn 2p, 

(F) O 1s.



Fig. S10 (a, d, g) *H2O adsorption models of MnNi3 on different metal sites. (b, e, h) 

Top view of optimized *H2O adsorption models. (c, f, i) Side view and corresponding 

adsorption energies of optimized *H2O adsorption models.



Fig. S11 (a, d, g, j, m, p) *(OH-H) adsorption models of MnNi3 on different metal 

sites. (b, e, h, k, n, q) Top view of optimized *(OH-H) adsorption models. (c, f, i, l, o, 

r) Side view and corresponding adsorption energies of optimized *(OH-H) adsorption 

models.



Fig. S12 (a, d, g, j, m, p) *(OH-H) adsorption models of MnNi3 on different metal 

sites. (b, e, h, k, n, q) Top view of optimized *(OH-H) adsorption models. (c, f, i, l, o, 

r) Side view and corresponding adsorption energies of optimized *(OH-H) adsorption 

models.



Fig. S13 (a, d, g, j, m, p) *(OH-H) adsorption models of MnNi3 on different metal 

sites. (b, e, h, k, n, q) Top view of optimized *(OH-H) adsorption models. (c, f, i, l, o, 

r) Side view and corresponding adsorption energies of optimized *(OH-H) adsorption 

models.



Fig. S14 (a, d, g) *H adsorption models of MnNi3 on different metal sites. (b, e, h) 

Top view of optimized *H adsorption models. (c, f, i) Side view and corresponding 

adsorption energies of optimized *H adsorption models.



Table S1 Comparison of HER performance in 1 M KOH for the as-prepared catalysts 

in this study with the other reported catalysts in literatures.

Catalysts η10 (mV) Tafel slope
(mV dec-1)

Referenc
e

np-Ni(Mn)-3h 305 192

np-Ni(Mn)-6h 291 145

np-Ni(Mn)-9h 228 133

MnNi3/np-Ni-3h 249 161

MnNi3/np-Ni-6h 195 119

MnNi3/np-Ni-9h 107 85

Pt/C (m=0.32 mg cm-2) 90 93

This work

Pt/C (m=0.34 mg cm-2) 62 68 1

Pt/C (m=1 mg cm-2) 39 58 2

Mo2C-Ni(OH)2 119 81.4 3

Co-1T-MoS2-bpe 118 83 4

NiS@CoNi2S4/NC 126 47.2 5

CoP/MoP@NPC 211 64.6 6

Mo6Co7-20h 165 -- 7

N, S-doped Mo2C-Mo/C 118 74 8

CoSe2/Co3S4@Co3O4 165 117.7 9

α-MoB2 124 61 10

MoNiS/Mo2TiC2Tx 153 92 11



Table S2 EIS parameters obtained by fitting the Nyquist plots to the equivalent circuit 

model in 1 M KOH at -0.1 V vs. RHE.

Catalysts Rs / Ω R0 / Ω Rct / Ω

np-Ni(Mn)-3h 0.756 — 150.86

np-Ni(Mn)-6h 0.685 — 123.29

np-Ni(Mn)-9h 1.434 — 59.67

MnNi3/np-Ni-3h 1.574 0.417 8.008

MnNi3/np-Ni-6h 0.418 0.346 3.885

MnNi3/np-Ni-9h 0.982 0.308 3.220



Table S3 AWE activities of MnNi3/np-Ni-9h‖RuO2 electrolyzer along with other 

reported catalysts.

Couple Cell voltage (V) Condition Reference

MnNi3/np-Ni-9h‖RuO2

1.54 V@100 mA cm-2

1.73 V@500 mA cm-2

1.90 V@1000 mA cm-2

60℃, 6M KOH This work

Ni2P-NiMoOx/NF || Ni2P-

NiMoOx/NF

1.66 V@100 mA cm-2

2.08 V@400 mA cm-2
65℃, 30% KOH 12

Mo0.25NiFe || Mo0.25NiFe 1.85V@100 mA cm-2 30% KOH 13

Fe-Ni3S2/PNF-5 || Fe-

Ni3S2/PNF-5
1.75 V@400 mA cm-2 85℃, 30% KOH 14

NiMoB || NiMoB 2.1 V@500 mA cm-2 60℃, 6M KOH 15

Ni/MoO2@CN || 

Ni/MoO2@CN
1.73 V@200 mA cm-2 60℃, 6M KOH 16

NiCo@C-NiCoMoO/NF || 

NiCo@C-NiCoMoO/NF
1.8 V@500 mA cm-2 60℃, 6M KOH 17

Fe0.14Co0.86-P/CC || 

Fe0.14Co0.86-P/CC

1.95 V@500 mA cm-2

2.14 V@1000 mA cm-2
30% KOH 18

FeIr/NF || FeIr/NF 1.75 V@500 mA cm-2 60℃, 30% KOH 19
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