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Computational Method We utilize the Vienna Ab initio Simulation Package (VASP) 
1 with the projector augmented-wave (PAW)2 method to calculate the absorptive 

properties and electronic structures of NiFe2O4 and Ga-NiFe2O4. The energy 

convergence and force tolerance are set as 10-6 eV and 0.03 eV/Å, respectively. After 

optimization, the surface (100) was separated from the model and its catalytic 

performance was investigated. The exchange correlation adopts Perdew, Burke, and 

Ernzerhof (PBE) functional under the generalized gradient approximation (GGA) 

approach3. Moreover, the Hubbard U calibrations are implemented, the values of U are 

4.5 eV4 and 6.0 eV5, respectively. To make sure the accuracy of calculations, 

Monkhorst-Pack k-grid employs k-mesh of 3×3×1 and 5×5×1 for structural relaxation 

and DOS calculation, respectively. The cutoff energy of plane-wave basis is set as 500 

eV, and a vacuum layer is more than 15 Å to prevent interference from periodic images. 

The formation energy of defect (Ef defect) and doping (Ef doping) are defined by:

𝐸 𝑓
𝑑𝑒𝑓𝑒𝑐𝑡= 𝐸𝑑𝑒𝑓 ‒ 𝑠𝑦𝑠+ 𝜇𝑁𝑖/𝐹𝑒 ‒ 𝐸𝑝𝑟𝑖𝑠𝑡𝑖𝑛𝑒
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𝐸 𝑓
𝑑𝑜𝑝𝑖𝑛𝑔= 𝐸𝑑𝑜𝑝𝑒𝑑 ‒ 𝑠𝑦𝑠 ‒ (𝐸𝑑𝑒𝑓 ‒ 𝑠𝑦𝑠+ 𝜇𝐺𝑎)

where Edef−sys, Epristine, Edoped−sys, μNi/Fe, and μGa are the total energy of a defected system, 

pristine NiFe2O4, doped system, and chemical potential of Ni or Fe and Ga, 

respectively. The chemical potential of Ni, Fe, and Ga was obtained from the total 

energy of the bulk structure divided by the number of atoms.

The overall reaction and the four-electron reaction pathway of OER in alkaline media 

were considered as:

Overall reaction:

4OH-→O2+2H2O+4e-

*+OH-→OH*+e

OH*+OH-→O*+H2O+e-

O*+OH-→OOH*+e-

OOH*+OH-→*+O2+H2O+e-

where * denotes the catalyst's active site. By employing H2O and H2 in the gas phase 

as a reference condition, the energy of adsorbates was estimated. The following 

equations were used to get the adsorption energies (△E) of each intermediate:

△E(OH*)=E(OH*)-E(*)-(E(H2O)-0.5E(H2))

△E(O*)=E(O*)-E(*)-(E(H20)-E(H2)

△E(OOH*)=E(OOH*)-E(*)-(2E(H2O)-1.5E(H2))

Each elementary reaction step's Gibbs free energy shift was identified as:

△ 𝐺= △ 𝐸+ △ 𝑍𝑃𝐸 ‒ 𝑇 △ 𝑆+ △ 𝐺𝑝𝐻+ △ 𝐺𝑈

the difference in zero-point energy and entropy between the adsorbed and free states at 

298.15 K was denoted by ΔZPE and TΔS. ΔGpH = -kTln10∙pH was used to calculate 

the influence of pH, and pH was adjusted to 14 to replicate alkaline conditions. A 

further definition for the contribution of the applied electrode potential was given as 

ΔGU= - n e U, where n, e, and U stand for the quantity of transferred electrons, 

elementary charge, and applied electrode potential, respectively. Following is how the 

limiting potential was determined:

Uonset=max{ΔG1, ΔG2,ΔG3,ΔG4}/e

Where ΔG1, ΔG2, ΔG3 and ΔG4 were the free energy of each elementary steps. Equation 

was used to compute the overpotential:

𝜂= 𝑈𝑜𝑛𝑠𝑒𝑡 ‒ 1.23(𝑉)

The energy band center of metal was expressed by equation:



𝜀=

+∞

∫
‒ ∞

𝐸 × 𝜌𝑑𝐸

‒∞

∫
+∞

𝜌𝑑𝐸

Where the density of the metal atom's projected d state is denoted by the symbol ρ.



 Fig. S1 Surface wettability of the (a) Ga-NiFe2O4, (b) NF.

Fig S2 CV curves at a scan rate of 1 mV s-1 (without iR compensation)

Fig. S3 CV curves of as-synthesized Ga-NiFe2O4 catalysts with different 

Ga(NO3)3·xH2O concentrations: 0.5 mmol Ga(NO3)3·xH2O, 1 mmol Ga(NO3)3·xH2O, 

and 1.5 mmol Ga(NO3)3·xH2O.



Fig. S4 (a) Nyquist plots with some frequencies, (b) The complete Nyquist plots



Fig. S5 CV curves of (a) Ga-NiFe2O4, (b) NiFe2O4, and (c) NF obtained in a potential 

window of 0.93 to 1.03V versus RHE at different scan rates.



Fig. S6 ECSA-normalized OER activity (scan rate: 1 mV s-1)

Fig. S7 (a) Chronopotentiometry curves of the Ga-NiFe2O4 in 1 M KOH at a current 

density of 400 mA cm-2, (b) CV curves before and after 2,000 cycles CV sweeps of Ga-

NiFe2O4 (scan rate: 1 mV s-1), (c) XRD image and (d) SEM of Ga-NiFe2O4 after OER 

stability testing.



Fig. S8 (a) Ni 2p, (b) Fe 2p, (c) O 1s and (d) Ga 2p XPS spectra of Ga-NiFe2O4 before 

and after OER stability testing in 1 M KOH.



Fig. S9 The calculated Ga doping energy at each site on the Fe tetrahedron is specified 

at the end of the arrow.



Fig. S10 Schematic diagram of the work function



Table S1 The values of Rs and Rct for catalyst

Ga-NiFe2O4 NiFe2O4 NF

Rs (Ω) 1.27 1.26 1.37

Rct (Ω) 2.18 5.03 26.05

Table S2 Comparison of the OER performance of various catalysts

Catalyst
J

(mA cm-2)

η

(mV)
Ref.

Ga-NiFe2O4 10 218 This work

NiFe LDH@SnO2/NF 10 234 6

F-Ni3S2 10 239 7

FNMCO-6/NF 10 240 8

Fe,Ni-CoS2 10 242 9

Ce/N-NiO 10 250 10

NiFe2O4@FNF 10 262 11

Co(OH)F/Ni(OH)2@Fe(OH)3 10 270 12

NiCo2S4@NiFe LDH 10 287 13

Table S3 Comparison of the overall water splitting performance of various catalysts

Catalyst
J

(mA cm-2)

η

(mV)
Ref.

Ga-NiFe2O4 10 1.59 This work

NiFe-LDH/Ni(OH)2 10 1.6 14

Ni3S2@Ni2P/MoS2 10 1.61 15

Ni–Fe2B 10 1.64 16

NiFe LDH@CoP/NiP3 10 1.64 17

Fe3O4/NiFe LDH/Fe3O4 10 1.648 18

NiFe-LDH@Ni3S2 10 1.65 19

CoCO3@NiFe LDH 10 1.67 20

NiFe-

LDH/FeCoS2/CFC
10 1.74 21



Table S4 Calculated d-band center of each active site for NiFe2O4 and Ga-NiFe2O4

FeTd FeOh Ni Ga

NiFe2O4 -2.47 eV -2.94 eV -2.73 eV

Ga-NiFe2O4 -2.07 eV -2.59 eV -2.57 eV -12.77 eV
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