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Density Functional Theory (DFT) computational methods

All density functional theory (DFT) calculations were performed using Materials
Studio software. The generalized gradient approximation (GGA) with the Perdew-
Burke-Ernzerhof (PBE) exchange-correlation functional was adopted to describe the
electron-electron interactions. The cut-off energy for the plane-wave basis set was set
to 400 eV. The convergence criteria for total energy and atomic forces were fixed at 2
x 100 eV and 0.01 eV-A-!, respectively.

For model construction, a 4x4x1 supercell of graphene with a vacuum layer of 15
A was used to eliminate interlayer interactions. Pyridine N and pyrrole N doping
models were established by substituting lattice C atoms with N atoms, and the doping
positions were selected based on the lowest energy configuration to ensure structural
stability. The Ni-Fe alloy cluster was anchored on the doped graphene surface, with the
configuration optimized to the lowest energy state. Spin polarization was included in
all calculations to account for the magnetic properties of transition metals. The
adsorption energies of H,O and AB molecules were calculated by comparing the total

energy of the adsorbed system with the sum of the total energies of the isolated catalyst



model and adsorbate molecules. The work function was derived from the electrostatic

potential difference between the vacuum level and the Fermi level.

Fig. S2. Nitrogen adsorption-desorption isotherm of the Ni; sFej s-NG-1
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Fig. S1. The EDX spectrum of the Ni; sFeg s-NG-1
12 -
—— Adsorption
. 5 @— Desorption — DCSOI'pﬁOn
104 % =
— 5 500
=
© S
E 84 ¢ .
E v
e
= —
@ . o
-E 6 - Pore Width (1)
=]
wn
2
4 -
£
R
=
=
= 2
<
0 -
T L L L bl L] L]
0.0 0.2 0.4 0.6 0.8 1.0




Transmittance

Intensity/a.u.

Fe304 PDF#89-3854

NiFe-LDH PDF#51-0463

10 20

30 40 50 60 70 80
20/°

Fig. S3. The XRD patterns of Ni; sFeqs-LDH-G-1 and Niz sFep s-NG-1.
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Fig. S4. The FTIR patterns of Ni3 sFeys-LDH-G-1 and Ni; sFey s-NG-1.
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Fig. S5. The XRD patterns of Ni; sFeqs-NG-1 with varied PVP amount.
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Fig. S6. XPS spectrum comparison of the Ni; sFeys-NG-1 catalyst and after (used) the recycling

tests: (a) High-resolution N 1s spectrum, (b) High-resolution Ni 2p spectra, (¢) High-resolution Fe

2p spectra, and (d) Full XPS spectrum.



Fig. S7. TEM images of the Ni; sFey s-NG-1 catalysts after the recycling tests
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Fig. S8. Full XPS spectrum of Ni; sFe(5-NG and Ni; sFeq s-NG-1 catalysts



Table S1. The actual molar ratios of Ni/Fe in the catalysts from the ICP-OES analysis.

molar ratio of Ni/Fe

Catalysts ) ) )
feeding ratio actual ratio
Ni;z sFegs-NG 7:1 7.67:1
Niz sFeys-NG-1 7:1 7.58:1

Table S2. The comparison of TOF and activation energies of various catalysts reported in the

literature.
Catalysts TOF (min Ea (kJ.mol!) Ref.
1
)

Ni; ,Feos@CN-G 23.25 38.24 [1]
Ni/CNT 26.2 323 [2]
Ni/SiO, 13.2 34 4+ 2 [3]

Ni/g-C3Ny4 18.7 36 [4]

Ni 2.7 66 [5]

Ni NPs@3D-(N) GFs 41.7 31.6 [6]
Niz;FeN 14.17 - [7]
Ni-Co-P 58.4 - [8]
CoCu/Ni 30.5 20.8 [9]
Ni/FeNiOx-25 55.6 39.18 [10]
Nig.75Cug 25 25.26 34.2 [11]
PVP-stabilized Cog7Nig 3 353 23.6 [12]
NiNPs/ZIF-8 353 - [13]
PVP-stabilized Ni 12.1 62 [14]
NiCo0,04/Ti 50.1 17.5 [15]

Ni,P NA/NF 42.3 44 [16]

Nip oMoy i/graphene 66.7 21.8 [17]
Cu,Ni;@MIL-101 20.9 32.2 [18]
NiMn-decorated CNFs 58.2 38.9 [19]
Nig 13C0g g7P 47.5 41.8 [20]

Niz sFes-NG-1 55.8 44.2 This work
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