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Configurational entropy calculation

We have calculated the configurational entropy (𝑆conf) based on the work of Yeh and co-

workers,[1] the configurational entropy is calculated using the formula:

𝑆conf = (1)
‒ 𝑅

𝑛

∑
𝑖= 1

𝑥𝑖𝑙𝑛
𝑥𝑖
𝑁𝑖

where:
 xi is the mole fraction of the ith component in the alloy.
 n is the total number of components in the system.
 R is the gas constant (8.314 J/(mol·K)).

For example, the calculation of 𝑆conf of Ni-HEA(Cr15Mn15Fe15Co15Ni40) would be:

𝑆conf = −R × (xCr ln (xCr) + xMn ln (xMn) + xFe ln (xFe) + xCo ln (xCo) + xNi ln (xNi))

𝑆conf = −R × (0.15×ln (0.15) + 0.15×ln (0.15) + 0.15×ln (0.15) + 0.15×ln (0.15) + 0.4×ln (0.4))

𝑆conf = 1.505 R

Sample Preparation. The synthesis process of Cr15Mn15Fe15Co15Ni40 is as follows: 26 g of high-

entropy alloy powder (Cr20Mn20Fe20Co20Ni20, with a particle size less than 20 μm), 12 g of Ni 

powder (10μm), 2 g of glycerol tristearate, and 12 g of starch were dissolved in a mixed 

solution composed of 12.5 g of ethanol and 7.5 g of isopropanol. The mixture was then ball-

milled for 24 hours to achieve a uniformly mixed slurry.

Subsequently, 4 g of polyvinyl butyral and 1.5 g of dibutyl phthalate were added, and the 

ball-milling was continued for 48 hours to ensure the uniformity of the mixture. The slurry was 

then cast using slip casting technology to form a green sheet, which was cut into individual 

samples. The samples were sintered in a nitrogen atmosphere at a temperature of 1100 °C for 

2 hours. During this sintering process, atomic migration between metal particles was induced 

due to concentration gradients, and all organic components were decomposed, resulting in a 

fully interconnected porous structure within the material. Similarly, Cr10Mn10Fe10Co10Ni60 and 

Cr4Mn4Fe4Co4Ni84 were synthesized using the same procedure.

Material characterizations. X-ray diffraction (XRD) patterns were obtained using a D8 

Advance X’Pert ProSuper diffractometer with Cu Kα radiation (λ = 1.54178 Å). The X-ray 

Photoelectron Spectroscopy (XPS)measurements were conducted using a ThermoFisher 

Scientific ESCALAB Xi+ spectrometer, with a monochromatized Al Kα X-ray source (hv= 

1486.6 eV) and a pass energy of 30 eV, the binding energy values were referenced and 

calibrated against the C 1s peak of adventitious carbon at 284.80 eV. Scanning electron 

microscopy (SEM) images were collected on a LEO 1530VP SEM at 15 kV. Transmission 

electron microscopy (TEM) and Energy-dispersive X-ray spectroscopy (EDS) 
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characterizations were performed with a Tecnai G2 F20 S-TWIN transmission electron 

microscope.

Electrolytic cell. The electrolyzer comprises two stainless steel collectors with flow 

channels, two Polyphenylene sulfide (PPS) gaskets, and diaphragms. The electrode area for 

both the cathode and anode is 2 x 2 cm². The anode uses Ni-HEA as the catalyst, and the 

cathode uses Raney Ni as the catalyst. Durability tests are conducted at 20 °C and 50 °C 

using a potentiostat with a flowing electrolyte of 5 M KOH.

Figure S1 X-ray photoelectron spectroscopy (XPS) analysis of Ni 2p in Ni-HEA (a), Ni-MEA (b) 
and Ni-LEA (c) before reaction, respectively.
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Figure S2 Pore size distribution of Ni-HEA, Ni-MEA and Ni-LEA measured by mercury intrusion 
porosimetry (MIP).

Figure S3 Inductively coupled plasma-mass spectrometry (ICP-MS) results of commercial HEA (a), 
Ni-HEA (b), Ni-MEA (c) and Ni-LEA (d).
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Figure S4 Energy-dispersive X-ray spectroscopy (EDS) elemental mapping of the Ni-HEA.

Figure S5 EDS of the surface of Ni-HEA. 
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Figure S6 Linear Sweep Voltammetry (LSV) of commercial HEA, Ni-HEA, Ni-MEA and Ni-LEA with 

90% iR correction, normalized by the geometric area (GA).

Figure S7 Electrochemical impedance spectroscopy (EIS) of commercial HEA, Ni-HEA, Ni-MEA and 
Ni-LEA, evaluated at 1.58 V vs. RHE.
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Figure S8 Element proportion of Cr in all samples before and after the OER, measured via EDS. 

Figure S9 Element proportion of the electrochemical activated surface of Ni-HEA, Ni-MEA and Ni-

LEA, measured via XPS.
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Figure S10 (a) Cyclic voltammetry (CV) curves of Ni-HEA in 1 M KOH solution at a scan rate of 50 

mV/s over 300 cycles. (b) ICP-MS results of the final solution after 300 CV cycles.

Figure S11. XPS analysis of Ni 2p in commercial HEA (a), Ni-HEA (b), Ni-MEA (c), and Ni-LEA (d) 

after the OER, respectively. 
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Figure S12 Relationship between the oxidation states of Ni observed in XPS and the 𝐼𝛿/𝐼𝜈 

observed in Raman spectroscopy at 1.42 V. 

Figure S13 Relationship between the oxidation states of Ni observed in XPS and the 

overpotential required to achieve a current density of 10 mA/cm².
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Figure S14 In situ Raman spectra of all samples at 1.42 V in 1 M KOH electrolyte.



11

Figure S15 EIS of Ni foam, Raney Ni and Ni-HEA, evaluated at 1.58 V vs. RHE. 

Figure S16 Tensile strength of Ni-HEA, Ni Foam and Raney Ni.



12

Figure S17 Stability test of Ni-HEA at a constant current density of 0.5 A/cm² in a 5 M KOH 
solution at 20 °C for 600 hours.

Figure S18 ICP-MS results of the final solution after 200 h stability test under industrial 
condition.
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Table S1. Comparison of the Total pore area and ECSA.
Catalyst ECSA (mF/cm²) Total Pore Area (m²/g) Method
Ni-HEA 14.7 42.21 MIP
Ni-MEA 6.9 5.755 MIP
Ni-LEA 12.2 18.87 MIP
commercial HEA 0.45 0.4774 BET

Table S2. Comparison of the catalytic OER performance between this CrMnFeCoNi HEA catalyst 
and similar catalysts reported in recent literature in alkaline media.

Catalyst η@j (mV@mA cm-2) Tafel slope
(mV dec-1)

Ref.

CrMnFeCoNi 217@10
266@100

46.3 This work

 FeCoNiMnCr 241 @10
320 @500

99.8 2

MnFeCoNiCu 263@10 43 3

np-AlCrCuFeNi 270@10 77.5 4

L5M2Co 325@10 51.2 5

 LiNiO2 315@10 53 6

Ir@Co3O4 280@10 73 7

FeCoNi-LDHs 269@10 42.3 8

CoCrRhO 263@10 52.6 9

NiFe-MOF/G 258@10 49 10

IrOx 255@10 48 11

AlNiCoRuMo 248@10 109 12

AlNiCoIrMo 275@10 110.4 13

FeCoNiCrNb 288@10 55.4 14

MnFeCoNi 325@10 51.2 15
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