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Additional Experimental Details

Materials and chemicals

All chemicals involved in the experiment are analytical grade and require no further
purification. NiCl,-6H,0, FeCl,, CH4N,0, Ce(NO3);-6H,0, NaH,PO,-H,O, NHHCO; were
bought from Macklin. Nickel foams (NF, areal density 280 g/m? , 0.5 mm thick) were purchased
from Suzhou Kesheng Experimental Equipment Co., LTD. Pt/C (20 wt% Pt on Vulcan XC-72R)
were purchased from Jinan Jiadong Chemical Co., LTD. The ultrapure water (UP H,0) was
obtained using the AD3L-05-0300R UP H,O0 instrument.

Materials characterization

X-ray diffraction (XRD) patterns were recorded on a Rigaku D/MAX 2550 diffractometer
utilizing Cu Ka radiation (A = 1.5418 A) over a 20 range of 5° to 80°. Scanning electron microscopy
(SEM) analysis was conducted using an FEI XL30 ESEM FEG microscope operating at an
accelerating voltage of 20 kV and the energy dispersive X-ray detector (EDX) was characterized
using JeOLJSM-6700F. Transmission electron microscopy (TEM) and high-resolution TEM
(HRTEM) data were acquired on a JEOL JEM 2100 microscope at an accelerating voltage of 200
kV. X-ray photoelectron spectroscopy (XPS) measurements were carried out on a Thermo Fisher
Scientific ESCALAB 250 spectrometer, with the C 1s peak (binding energy = 284.8 eV) serving as
the reference for charge correction. The brunauer-emmett-teller (BET) surface area measurements

were determined via N2 adsorption using a Micromeritics ASAP 2460 analyzer.

Electrochemical measurements

All electrochemical data were obtained by an electrochemical workstation under room
temperature of 26 °C and alkaline conditions. A three-electrode system consisting of graphite
electrode as counter electrode, Hg/HgO as reference electrode, synthesized material (0.25 cm?) as
working electrode, and 1.0 M KOH as electrolyte was used to measure the OER catalytic
performance of a series of samples. The oxygen evolution reaction (OER) electrocatalytic activity
of the N-Nig 75Feg.15Ceq.1oP/NF composite was characterized via linear sweep voltammetry (LSV)
at a scan rate of 1 mV s

Convert all potential data into reversible hydrogen electrodes (RHE) using Equation 3-1:
Erug = Engneo +0.197 V+0.0591 x pH—i x Ry (3-1)

Where R, is the impedance (€2), and i is the current (A).
Convert the polarization curve into a Tafel slope using Equation 3-2:
n=a+bxlogj (3-2)
Where 7 is the overpotential, b is the Tafel slope, and j is the current density.
Evaluate the electrochemical active surface area (ECSA) using Equation 3-3:
ip=0.4463 x 1073 x n¥2 x F¥2 x 4 x Crs X Dg!2 x 12 x (RT)2 (3-3)



Where 7 is the number of transferred electrons (potassium ferricyanide, n = 1), F'is Faraday constant
(96485 C mol™), R is the gas constant (8.314 J mol™! K1), T is the temperature (298 K), Cr+ (mol
L") is the concentration of potassium ferricyanide, v is the CV scanning rate (0.02 V s7!). The
diffusion coefficient of potassium ferricyanide (Dgr = 7.6 x 1076 ¢m? s71)

Double-layer capacitance (Cg) measurements were conducted by CV scanning from 0.36 to
0.48 V with different scan rates (20, 40, 60, 80 and 100 mV s™!). 4j can be obtained through ja-jc,
corresponding to the current density difference at the intermediate potential of the CV potential.

The electrochemical behavior was characterized by Electrochemical impedance spectroscopy
(EIS) at open-circuit potential (frequency range: 0.1 Hz - 100 kHz). Long-term stability performance
was quantified through chronoamperometry.

A constant current of 50 mA (200 mA cm2) was applied for 60 minutes to a two-electrode cell
(working electrode area: 0.25 cm?) to drive the oxygen evolution reaction (OER). The Faraday
efficiency (FE) for oxygen production was calculated as the ratio of the experimentally measured
gas volume (at standard temperature and pressure) to the theoretical volume derived from the total

charge passed.



Supporting Figures

Fig. S1. SEM images of NF.
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Fig. S2. CV curves at different scan rates of (a) Bare NF, (b) Nig75Feq 15Cep.1005/NF and (¢) N-
Nig 75Feg.15Ceq.10P/NF.
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Fig. S3. (a) X-ray photoelectron spectroscopy (XPS) spectra of Nig7sFeq15Ceo100x/NF; High-
resolution XPS spectra of (b) Ni 2p, (c¢) Fe 2p and (d) Ce 3d in Nig 75Fe 15Ceo.100x/NF.
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Fig. S4. High-resolution XPS spectra of (a) Fe 2p and (b) Ce 3d in N-Nig 75Feq 15Ceq.10P/NF.
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Fig. S5. CV curve recorded by NF in potassium ferriccyanide (5 mM) at a scanning rate of 50 mV

s,
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Fig. S6. Electrochemical surface area normalization OER polarization curves.
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Fig. S7. (a) XPS survey spectrum of N-Nig 75Feg 15Ce. 1oP/NF after OER test; High-resolution XPS
spectra of (b) Ni 2p, (c) P 2p and (d) N 1s in N-Nig 75Feq 15Ceq 10P/NF after OER test.
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Fig. S8. XRD image of N-Nij7sFeq 15Ce 10P/NF after OER test



Fig. S9. EDX Spectrum for N—Ni0.75F60.15C60_10P/NF.



Fig. S10. Nyquist plots of different non-metallic element-doped materials obtained at open-circuit

potential.
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Fig. S11. SEM image of N-Nig 75Feq.15Ce.1oP/NF after stability test.



Table S1. Comparison of OER performance of N-Nij7sFeq15Ceo 10P/NF and other Nickel-based
catalyst in 1.0 M KOH

Catalyst j (mA cm™) 7 (mV) Ref.
N-Nig 75Feg 15Ceg 10P/NF 50 244 This work
Ni3N-CeO,/NF 50 340 1
NiFeP/CoP 50 270 2
N, P-Ni/Mo-TEC@NF 50 317 3
FeNi,/CeO,/NC 50 260 4
NiFe-LDH@NF 50 322 5
NisFe, 50 346 6
N, Ce-NiCoP/NF 50 257 7
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