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Figure S1. The digital photographs of NF, Ga-Ni3S2 and FeOOH/Ga-Ni3S2 (from left 

to right)

Figure S2. XRD patterns of the FeOOH/Ga-Ni3S2



Figure S3. The SEM images of (a) Ga-Ni3S2, and samples with different 

electrodeposition durations of (b) 60 s, (c) 300 s and (d) 600 s

Figure S4. (a) Ni 2p and (b) S 2p XPS spectra of FeOOH/Ni3S2 and Ni3S2



Figure S5. LSV curves of FeOOH/Ga-Ni3S2 and RuO2.

Figure S6. LSV curves of as-synthesized FeOOH/Ga-Ni3S2 catalysts with different 

electrodeposition durations: 60 s, 300 s and 600 s.



Figure S7. CV curves of (a) FeOOH/Ga-Ni3S2, (b) Ga-Ni3S2, (c) FeOOH/Ni3S2, (d) 

Ni3S2 and (e) NF obtained in a potential window of 0.93 to 1.05V (versus RHE) at 

different scan rates.

Figure S8. The wetting contact angle with a drop of water on the surface of (a) NF 

and (b) FeOOH/Ga-Ni3S2.



Figure S9. Chronopotentiometry curves of the FeOOH/Ga-Ni3S2 in 1 M KOH at a 

current density of 100 mA cm-2

Figure S10. the SEM of FeOOH/Ga-Ni3S2 after the chronopotentiometry test.



Computational details

The Vienna Ab Initio Simulation Package (VASP)1-2 was used to perform all 

first-principles calculations using density functional theory (DFT). In the 

parameterization of the Perdew Burke and Ernzerhof (PBE)4 pseudopotential, the 

projector augmented wave (PAW)3 potentials were employed in conjunction with the 

GGA functional to cope with the electronic exchange-correlation interaction. The 

wave function was represented as a plane wave with a cutoff energy of 450 eV. 

Geometry optimizations were carried out utilizing conjugate gradient reduction until 

all the forces acting on the ions were less than 0.02 eV/Å per atom. The slabs were 

separated using a 15 Å vacuum in the z direction. A k-point mesh with a spacing of ca. 

0.03 A˚-1 was used in the calculations.

All calculations take long-range interactions (DFT-D3) into account as a 

correction5-6. For Fe 3d states, the Ueff (U - J) value of 3 eV was used. After the 

heterojunction is optimized and stabilized, we cut away half of the FeOOH so that we 

get the place where the catalysis takes place. The following equation was used to 

calculate free energy:

∆𝐺= ∆𝐸+ ∆𝑍𝑃𝐸 ‒ 𝑇∆𝑆

ΔG, ΔE, ΔZPE and TΔS are the free energy, total energy from DFT calculations, zero 

point energy and entropic contributions (T was set to be 298.15K), correspondingly. 

The solvent effect is considered using VASPsol7.
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