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Fig. S1 The SEM images. a, b) Ni NPs.



Fig. S2 The SEM images. a, b) Pt12Nigs.



Fig. S3 The SEM images. a, b) Pt23Ni77.



300 nm

Fig. S4 The SEM images. a, b) Pts>Nisg.
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Fig. S5 (a-c) Low-magnification TEM images for Ni.



Fig. S6 (a-c) Low-magnification TEM images for Pti12Niss.



Fig. S7 (a-c) Low-magnification TEM images for Pt2sNi77.



Fig. S8 (a-c) Low-magnification TEM images for Pts>Nisg.
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Fig. S9 N, adsorption/desorption isotherms and pore size distribution of the (a) Ni,

(b) Pt12Nigg, (c) Pt23Ni77, and (d) Pts2Niss.
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Fig. S10 The CV curves obtained at different scan rates (20-120 mV s?) a) Pt/C, b)

Pt12Nigs, ) Pt23Niz7, and d) Pts2Nisg in 0.5 M H2SOa.
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Fig. S11 The CV curves obtained at different scan rates (20-120 mV s) a) Pt/C, b)

Pt12Nigg, C) Pt2sNi77, and d) Pta2Nisg in 1.0 M KOH.
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Fig. S12 Amount of H> and FEs during recycling tests for 5 cycles with an
overpotential of 100 mV and 10 min in (a) 0.5 M H2SO4 and (b) 1.0 M KOH. (c)
Diagram of the device for collecting hydrogen and oxygen using the drainage gas

collection method.
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Fig. S13 (a) Comparison of potential-dependent TOF at -0.05 V vs. RHE in 0.5M

H2S0a4. (b) Comparison of potential-dependent TOF at -0.07 V vs. RHE in 1.0 M

KOH.
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Fig. S14 CO stripping that quantifies the surface area of catalysts at 50 mV s in

N2-saturated 0.5 M H2SO4.



Table S1

. ICP-MS analysis of catalysts.

Catalyst Pt loading (wt. %) Ni loading (wt. %) Molar ratio of Pt : Ni
Pt12Niss 12 88 0.03941
Pt2sNi77 23 77 0.09184
Pt42Niss 42 58 0.22180




Table S2. Porosity Parameters of the Ni, Pt12Nigs, Pt2sNi77, and Pts2Nisg catalysts.

Sample Ni Pt12Niss Pt2sNi7z Pt42Niss
Sget * 17.6104 21.4322 27.8802 26.4335
Dyore 16.6038 18.9621 5.4376 8.4741
Vpore © 0.0731 0.1016 0.0379 0.0560

 BET surface areas (m?/g). ° Average pore size (nm). ¢ Single-point adsorption total

pore volume of pores (cm®/g).



Table S3. Summary of the HER Properties of Pt2sNiz7 and other representative

catalysts in literature at 1.0 M KOH.

Overpotential
Catalysts (mV vs. RHE) Ref.
at 10 mAcm=

Pt2sNi77 32 This work
Pt/N-C 46 1
Pt/NiRu-OH 38 2
Pt-Ni NWs/NiOx 40 3
PtsNi-NWSs-S 42 4
A-CoPt-NC 50 5
Pt-Ni-O 40 6
RhPd-H 40 !
Pt/MOF-O 66 8
Pt/np-Coo.e5Se 58 9
Pt-Co(OH)./C 32 10
RuTeP 35 11
Ru;Ni;-NCNFs 35 12
PdsRu/C 42 13
PtssNi-S NWs 38 14

Pt/MgO 39 15




Table S4. Summary of the HER Properties of Pt2sNizz and other representative

catalysts in literature at 0.5 M H>SOa.

Overpotential

Catalysts (mV vs. RHE) Ref.
at 10 mAcm™

Pt2sNi77 21.2 This work
Pt;Ru1/NMHCS-A 22 16
Pt-SAs/WS; 32 17
1% PtWs024/C 22 18
Pt;/OLC 38 19
PtNL/TiO> 67 20
Pt/MOF-O 28 8
PtTe, NSs ~40 21
PtRU/RFCS 46.6 22
Pt/C-40% 45 23
PtsNis NWs/C 40 4
Pt@NHPCP 56 24
Pt@MTO-S 73 25
ALD50 Pt/NGNs 39 26

PtSi 22 27




Table S5. Comparison of the MOR activity of different Pt electrocatalysts in acid

solution.
Onset o
) Mass activity
Catalysts Electrolytes potential Ref
(MAmg™) '
(V vs. RHE)
. 0.5MH2S04+0.5M .
Pt2sNiz7 Methanol 0.60 2470 This work
CeOW/PtCu/CeCuOy/Cc 02 M H2S04 +05M 0.52 889 28
Methanol
Ce-modified PtNps/c 0> M H2504 +1.0 0.55 1470 29
M Methanol
CuWPt-1 0.1 MHCIOs+1.0M 0.60 2110 30
Methanol
0.5MHSO4+1.0M 31
GDY@PtCu Methanol 0.64 700
Ru-ca-PtNi 0.1 MHCIQs + 0.5 M 0.60 2010 32
Methanol
0.1 M HCIOs+ 1.0 M 33
Pt3Co—CoP> Methanol 0.59 1400
PH/CeO,-P 05 MHSOs+1.0M 0.60 714 34
Methanol
0.1 M HC|04 +10M 35
PtCo @NC Methanol 0.45 2300
PtTe PNCs 0SMHzS0.+ LOM 5 1020 36

Methanol
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