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Fig. S1 XRD pattern of the as-prepared NiCuMo-3 (red), NiMo (green), and NiCu

(blue) catalysts on Ti foil (black) and the corresponding standard pattern (red, blue,

and black profile).
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Fig. S2 EDS of as-prepared (a) NiCu, (b) NiCuMo-1 (1.1 at. % Mo), (c) NiCuMo-2

(1.7 at. % Mo), (d) NiCuMo-3 (2.7 at. % Mo), (e) NiCuMo-4 (6.1 at. % Mo) and (f)

NiMo catalysts on Ti foil.



Fig. S3 SEM images of as-treated blank Ti foil.
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Fig. S4 Comparative LSV polarization curves for HER electrocatalytic activity in 1 M

KOH (a) or in 0.5 M H2S0x4 (c) and the corresponding Tafel plots (b or d).
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Fig. S5 Electrocatalytic HER performance comparison of NiCuMo-3 in 1 M KOH (a)

or 0.5 M H2S04 (b) with different counter electrodes.
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Fig. S6 The XRD pattern (a) and SEM image (b) of NiCuMo-3 after electrolysis at -

100 mV vs. RHE in alkaline solution for 20 h.
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Fig. S7 Cyclic voltammograms at different scan rate from 5 mV s to 200 mv stin1
M KOH. (a) NiCu, (b) NiMo, (c) NiCuMo-3 and electrochemical properties in 1 M
KOH of (d) double-layer charging currents as a function of the scan rate for different

electrodes.
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Fig. S8 Cyclic voltammograms at different scan rate from 20 mV s to 200 mV s? in

0.5 M H2S0Os. (a) NiCu, (b) NiMo, (c) NiCuMo-3 and electrochemical properties in

0.5 M H»SOq4 of (d) double-layer charging currents as a function of the scan rate for

different electrodes.
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Fig. S9. (a) Nyquist plots of EIS for NiCuMo-3 at different overpotentials in 1M

KOH. (b) Nyquist plots of EIS for different three catalysts at 120 mV overpotentials.

(inset: the equivalent circuit of semicircles including Rs, Rct and CPE).
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Table S1 Comparison for HER activity in basic solutions for NiCuMo with other

reported noble metal-free electrocatalysts.

Catalyst Electrolyte Onset N  Tafel Slope Ref

Potential (mV) (mV) (mV dec?)

NiCuMo-3 1 MKOH 45 95 41 This
work
NiMoN/CC 1M KOH 32 109 95 [1]
Ni2Fe-Mo 1 M KOH — 147 128 2]
NiMo
HNRs/Ti 1 MKOH 60 92 76 [3]
mesh
NiMo-EDA 1 M KOH — 72 89 [4]
NiCoMo/Ti | 1 kon 92.6 132 108 5]
foil
NiMo:C@C 1 MKOH 92 181 84 [6]
Ni-Mo 1 M KOH 20 90 — [7]
nanopowders
NiCu 1 M KOH 48 128 57.2 [12]

NiMoCu 6 M NaOH 40 — 200 [13]
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Table S2 Comparison for HER activity in acidic solutions for NiCuMo with other

reported noble metal-free electrocatalysts.

Catalyst Electrolyte Onset Mo  Tafel Slope Ref
Potential (mV) (mV) (mV dec?)
NiCuMo-3 0.5 M H2SOu 48 90 36 This
work
NiCOMo/Ti ) o 1 1,504 — 35 65 [5]
foil
NiM0o,C@C 0.5 M H>SOx4 65 169 100 [6]
NiMo-NGTs 0.5 M HxSO4 — 65 67 8]
NiMoRNx 0 1 M HCI04 78 170 35.9 [9]
nanosheets
NiMoZn/Ti o ¢\ o0, — 46 40 [10]
foil
NioosM0o0sS 0.5 M H>SO4 170 180 46 [11]
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