
Supplementary material

Surface-engineered Ni-Pt Alloys as Robust and Cost-effective Electrocatalysts

for High-Performance Proton Exchange Membrane Water Electrolysis

Kyeong-Rim Yeoa,b,1, Daehyun Kimb,1, Hoyoung Kimc, Sung Jong Yooa, Jong Hyun Janga, Haesun Parkb,*

and Soo-Kil Kimb,*

a Center for Hydrogen and Fuel Cells, Korea Institute of Science and Technology (KIST), 5 Hwarang-ro

14-gil, Seongbuk-gu, Seoul 02792, Republic of Korea
b School of Integrative Engineering, Chung-Ang University, 84 Heukseok-ro, Dongjak-gu, Seoul 06974,

Republic of Korea
c Department of Advanced Materials Engineering, Chungbuk National University, 1 Chungdae-ro,

Seowon-gu, Cheongju, Chungbuk 28644, Republic of Korea

1 These authors contributed equally to this work.

*Corresponding authors.

E-mail addresses: sookilkim@cau.ac.kr (S.-K. Kim), parkh@cau.ac.kr (H. Park),

Supplementary Information (SI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2026



2

Deposition 
time / min

Deposition 
potential 

/ VSCE

Electrolyte configuration / mMBulk atomic 
composition (EDX) HClNH4ClH3BO3H2PtCl6NiCl2

10-3.010100300

050Ni100

0.2550Ni99.8Pt0.2

0.5050Ni99.5Pt0.5

1.2550Ni98.7Pt1.3 (P-Ni98.7Pt1.3)

1.250Pt100

Table S1. Electrodeposition conditions of the catalysts.
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Atomic ratio of Ni : PtArea ratio
/ %

Peak 
position 

/ eV
Pt 4fArea ratio

/ %

Peak 
position 

/ eV
Ni 2p3/2Sample

100 : 0-

24.66852.15Ni metal

Ni100 7.87853.27NiO

67.47855.40Ni(OH)2

0 : 100

80.0571.54
74.87Pt

-Pt100 12.4172.39
75.71PtO

7.5474.36
77.57PtO2

75.07 : 24:9310071.15
74.50Pt

19.86852.26Ni metal

P-Ni98.7Pt1.3 12.01853.25NiO

68.12855.51Ni(OH)2

49.21 : 50.7910071.09
74.44Pt

30.15852.31Ni metal

HT-Ni98.7Pt1.3 13.74853.29NiO

56.11855.61Ni(OH)2

Table S2. Binding energies for Ni 2p3/2 and Pt 4f XPS spectra for Ni100, Pt100, P-Ni98.7Pt1.3, and HT-Ni98.7Pt1.3.
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Table S3. Comparison of PEMWE performance with Pt-based cathodes and IrO2 anode.

Reference

Cell voltage
/ Vcell

Current density
/ A cm-2

Temperature

/ oC

Membrane electrode assembly (MEA)

@ 2 A cm-2@ 1 A cm-2@ 2.0 V@ 1.7 VAnode 
(loading amount)MembraneCathode

(loading amount)

This work1.9141.7482.7310.78390Com. IrOx
(2.0 mgIr cm-2)Nafion 212HT-Ni98.7Pt1.3

(0.029 mg cm-2)

This work1.8831.7142.6330.91690Com. IrOx
(2.0 mgIr cm-2)Nafion 212Pt/C

(0.1 mgPt cm-2)

Journal of Power Sources
501 (2021) 2300022.3111.6982.2671.02480Com. IrOx

(2.5 mgIr cm-2)Nafion 212Pt/C
(0.2 mgPt cm-2)

Appl. Surf. Sci., 444 (2018) 
303-3111.9941.7922.0310.70590ED IrO2/CP

(0.1 mg cm-2)Nafion 212PED Pt/CP
(0.051 mgPt cm-2)

Material Today Energy
32 (2023) 1012371.6051.8061.5930.75880IrO2-CM

(0.5 mgIr cm-2)Nafion 212Pt/C
(0.04 mgPt cm-2)

Small, 20 (2024) 24069352.1631.8941.3400.33080Com. IrOx
(2.0mgIr cm-2)Nafion 212PdPtML

(0.5 mgPt cm-2)

Energy Environ. Sci., 17 (2024), 
65941.8651.701-0.95965Com. IrOx

(1.5 mgIr cm-2)Nafion 212HEA-QDs/C
(0.2 mgPt cm-2)



Figure S1. Potentiostatic electrodeposition i-t curve.
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Figure S2. FE-SEM images of (a) bare carbon paper, (b) Ni100, (c) Ni99.7Pt0.3, (d) Ni98.9Pt0.5, (e) Ni98.7Pt1.3(P-Ni98.7Pt1.3), and (f) Pt100
samples electrodeposited on carbon paper without heat-treatment. The insets show the FE-SEM images at lower magnification.
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Figure S3. XRD patterns in the two-theta range of 20-80°.

CP

Pt100

P-Ni98.7Pt1.3

HT-Ni98.7Pt1.3

Ni100

7

Ni99.5Pt0.5

Ni99.8Pt0.2



130

14 15.4
12

21.4

0

10

20

130

140
O

ve
rp

ot
en

tia
l /

 m
V

@ -10 mA cm-2

Figure S4. (a) HER polarization curves of Ni100, Ni99.8Pt0.2, Ni99.5Pt0.5, Ni98.7Pt1.3 (P-Ni98.7Pt1.3), and Pt100 samples. (b) Overpotential at -
10 mA cm−2 current density.
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Figure S5. Mass activity normalized by Pt loading amounts.
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Figure S6. FE-SEM images after ADT 5000 cycles of (a) P-Ni98.7Pt1.3, (b) HT-Ni98.7Pt1.3, and (c) Pt100. The inset in c shows the FE-SEM
image at higher magnification.
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Figure S7. Single-cell polarization curves using HT-Ni98.7Pt1.3 (0.029 mg of Pt per cm2)/CP cathode and IrOx/Ti anode. A commercial
Pt/C cathode(0.1 mg of Pt per cm2) based PEMWE performance is compared.


