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Fig. S1 XRD pattern of Mn;(Nis initial alloy.
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Fig. S2 XRD patterns of dealloyed catalysts: (a) np-Ni(Mn)-3h, (b) np-Ni(Mn)-6h and

(c) np-Ni(Mn)-9h.
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Fig. S3 XPS spectra of MnNis/np-Ni-3h electrode: (a) Ni 2p, (b) Mn 2p, (c) O Is.

XPS spectra of MnNis/np-Ni-6h electrode: (d) Ni 2p, (e) Mn 2p, (f) O Is.
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Fig. S4 Initial four LSV curves of MnNis/np-Ni-9h electrode.
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Fig. S5 EPR spectra of MnNi3/np-Ni-9h electrode.
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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) MnNis/np-Ni-3h, (¢) MnNisz/np-Ni-6h and (f) MnNiz/np-Ni-9h

electrodes under different scan rates (5~100 mV s!).
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Fig. S7 (a) Photograph of hydrogen production/collection device. (b) Photographs of
H, yield at constant potential of 300 mV within 120 min. (¢) Actual H, yield

calculated by formula S1. (d) Theoretical H, yield calculated by formula S2.
p-V _0.0899(g/L) - V(L)

M 2(g/mol) 51
I-t  I(A)-t(s)

2-F 2-96485

n(mol) =

n(mol) =

(82)



Fig. S8 Photograph of hydrogen production/collection device under industrial

conditions (6M KOH, 60 C).
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Fig. S9 (a) XRD pattern, (b) SEM image, (c) HRTEM image of post-tested

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

(F)O 1s.



IIIIIIIIIIIIIIIIIII 4
_oooooo ©c0o .
loooooo 000QO00 o000 >
le oo o eé-o ©c00é00 0000 22|
|pooooo0 000000 oooo Tu|
000000 000000 0000 %m_
000000 000000 o000 <l
| ¢ 000000 ceo Sul
- _

0000 1

o000 3|

ocoo Qg |

0000 I

0000 .bM_

cooo <

0000 M%_
IIIIIIIIIIIIIIIIIII n
- >

oo

T

o<

2

(=] |

= uf

Fig. S10 (a, d, g) *H,O adsorption models of MnNi; on different metal sites. (b, e, h)
Top view of optimized *H,O adsorption models. (c, f, 1) Side view and corresponding

adsorption energies of optimized *H,0 adsorption models.
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Fig. S11 (a, d, g, j, m, p) *(OH-H) adsorption models of MnNi; 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.



lgoecece ooococe 098 & |
l$ooo0000 dooooo00 0008 T=>
|¢cecéce 6000600 Q@G oD !
|000000 0000000 o000 <ol
|$000000 9000000 0000 FTF|
000000 9000000 0000 .r
I 000000 ec@o <€
|2 o = = |
_¢¢¢¢$¢$ eceo o ﬁ
000000 o000 ~>
_oooowo Yeoo00 F2I
©0®0000 0000 1©
I I
000000 o600 ST,
looooooc o000 .l
|ececoeceo 0000 mE_
T o
_ 00000 o000 2 ﬁ
00000 0000 A
|poGO@O0 “go0o0 mﬂ_
|$oooo0 0000 1|
c0000 0000 40_
lpoceco r0000 o
|lecoocOO 0000 Z w
e e s s g e I|||||M||_
||||||||||||||||||| g
lececeo eceo T |
lpooogo wgeoo I
leoooeo oeo o |
|poooo0e .0000 Il
900000 @oo0o0 T |
00000 0000 F
locoocoo eceo £ |
e o ol i\
lecoceco sceceeco 0000 ©® |
| ooeMo Kﬁooo = |
|®c@0®0 ceo o |
00000 ocooo
I
loooceo cceo 4x_
l¢oocooo 0000 N|3
lecooces e oo Z |
_ld |||||||||||| e IIIIMII_

locecece escecece 0000 N~

0000000
loooocooo
|ococoo0

o000 o
OOOOW\OUO
0000000
Q000000
0000000
0000000

Fig. S12 (a, d, g, j, m, p) *(OH-H) adsorption models of MnNi; 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.
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Fig. S13 (a, d, g, j, m, p) *(OH-H) adsorption models of MnNi; 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.
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Fig. S14 (a, d, g) *H adsorption models of MnNi; 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 N1 (MV) ’(l”;iéldsrzg;a Refeerenc
np-Ni(Mn)-3h 305 192
np-Ni(Mn)-6h 291 145
np-Ni(Mn)-9h 228 133
MnNi;/np-Ni-3h 249 161 This work
MnNi;/np-Ni-6h 195 119
MnNi;/np-Ni-9h 107 85
Pt/C (m=0.32 mg cm?) 90 93
Pt/C (m=0.34 mg cm?) 62 68 !
Pt/C (m=1 mg cm?) 39 58 2
Mo,C-Ni(OH), 119 81.4 3
Co-1T-MoS;-bpe 118 83 4
NiS@CoNi,S4/NC 126 47.2 >
CoP/MoP@NPC 211 64.6 6
MosCo7-20h 165 - 7
N, S-doped Mo,C-Mo/C 118 74 8
CoSe,/Co3S4@Co0304 165 117.7 ?
o-MoB, 124 61 10
MoNiS/Mo,TiC,Ty 153 92 1




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 R,/ Q Ry/Q R/ Q
np-Ni(Mn)-3h 0.756 — 150.86
np-Ni(Mn)-6h 0.685 — 123.29
np-Ni(Mn)-9h 1.434 — 59.67

MnNis/np-Ni-3h 1.574 0.417 8.008
MnNis/np-Ni-6h 0.418 0.346 3.885
MnNis/np-Ni-9h 0.982 0.308 3.220




Table S3 AWE activities of MnNis/np-Ni-%h || RuO, electrolyzer along with other

reported catalysts.

Couple Cell voltage (V) Condition Reference

1.54 V@100 mA cm™
MnNi;/np-Ni-9h | RuO, 1.73 V@500 mA cm? 60°C, 6M KOH This work

1.90 V@1000 mA cm

Ni>P-NiMoOy/NF || Ni,P- 1.66 V@100 mA cm
65°C, 30% KOH 12
NiMoO,/NF 2.08 V@400 mA cm™
Moy »5NiFe || Mog,sNiFe 1.85V@100 mA cm 30% KOH 13
Fe-Ni3So/PNF-5 || Fe-
1.75 V@400 mA cm? 85°C, 30% KOH 14
Ni3S,/PNF-5
NiMoB || NiMoB 2.1 V@500 mA cm- 60°C, 6M KOH 15
Ni/MoO,@CN ||
1.73 V@200 mA cm? 60°C, 6M KOH 16
Ni/MoO,@CN
NiCo@C-NiCoMoO/NF ||
1.8 V@500 mA cm 60°C, 6M KOH 17
NiCo@C-NiCoMoO/NF
Fe()_14CO()_36-P/CC || 1.95 V@500 mA CIIl'2
30% KOH 18
F€0'|4C00'86-P/CC 2.14 V@IOOO mA cm?

Felr/NF || Felr/NF 1.75 V@500 mA cm™ 60°C, 30% KOH 19
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