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S1. Experimental details.

Computational methods

All first-principles calculations were performed using the Vienna Ab initio

Simulation Package (VASP 5.4.4)[1], based on density functional theory (DFT) with

plane-wave basis sets and the projector augmented wave (PAW) method[2,3]. The

exchange-correlation interactions were treated using the Perdew-Burke-Ernzerhof

(PBE) functional[4] within the generalized gradient approximation (GGA). The

electronic wave functions were described using plane waves with a kinetic energy

cutoff of 450 eV. To account for van der Waals interactions, we incorporated the

DFT-D3 dispersion correction scheme with Becke–Johnson damping[5].

To model the NiSe(101) surface, we employed a four-atomic-layer slab with a 15

Å vacuum layer along the surface normal to minimize periodic image interactions.

The lanthanum-doped NiSe (La-NiSe) catalyst was constructed by replacing a Ni

atom in the topmost layer with La atom. For Brillouin zone integration, a

Monkhorst-Pack mesh of 2 × 2× 1 k-points was employed[6]. During geometry

optimization, all atoms were allowed to relax except that the lowest two layers of the

slab kept the atomic positions as in the bulk metal. Atomic positions were optimized

using the conjugate gradient algorithm with a convergence criterion of 0.03 eV/Å for

forces on atoms. In all the cases of structural optimization, the energy convergence

was set to 1×10-5 eV.
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The adsorption energy (ΔEads) of an adsorbate on the NiSe and La-NiSe surfaces

is defined as follows:

ΔEads= Eadsorbate/surface –Esurface – Eadsorbate

where Eadsorbate/surface, Esurface, and Eadsorbate are the total energy of adsorbate and

substrate system in the equilibrium state, the energy of bare metal slab, and the energy

of free adsorbate, respectively. A more negative adsorption energy is indicative of a

higher thermodynamic stability of the adsorption structure.
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S2. Structure characterization of catalysts.

Figure S1. Enlarged XRD patterns of various La-NiSe and NiSe electrocatalysts.
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Figure S2. The full-spectrum XPS of the La-NiSe-2 and NiSe electrocatalysts.
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Figure S3. Deconvoluted XPS spectra of Ni 2p of the NiSe.
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Figure S4. Deconvoluted XPS spectra of Se 3d of NiSe.
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Figure S5. The FESEM of the (a) NiSe and (b) La-NiSe-2 electrocatalysts.

Figure S6. (a) HAADF-STEM image and its EDX point scan analysis images (b,c) of

the La-NiSe-2 electrocatalysts.
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S3. Electrochemical characterization.

Figure S7. The LSV curves of the various La-NiSe and NiSe electrocatalysts in 1 M

KOH electrolyte.
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Figure S8. The CV curves of the (a) NiSe, (b) La-NiSe-1, (c) La-NiSe-2, (d)

La-NiSe-3 electrocatalysts and corresponding (e) Cdl values in 1 M KOH with 0.33 M

urea solution.
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Figure S9. Bode plots of operando EIS of NiSe catalyst in 1 M KOH (a) without and

(b) with 0.33 M urea solution.
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Figure S10. The EIS curves of the NiSe, La-NiSe-1, La-NiSe-2, La-NiSe-3

electrocatalysts in 1 M KOH with 0.33 M urea solution.



14

Figure S11. The EIS curves of the NiSe, La-NiSe-1, La-NiSe-2, La-NiSe-3

electrocatalysts in 1 M KOH.
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Figure S12. Comparison of LSV curves of La-NiSe-2 electrocatalysts collected in 1

M KOH with and without 0.33 M urea.
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Figure S13. The CV curves of the (a) NiSe, (b) La-NiSe-1, (c) La-NiSe-2, (d)

La-NiSe-3 electrocatalysts and corresponding (e) Cdl values in 1 M KOH solution.
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Figure S14. The LSV curves of the Pt/C electrocatalysts before and after 2000 cycles

in 1 M KOH solution.
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S4. Mechanism analysis.

Figure S15. Projected Density of States (PDOS) of the NiSe system, with the Fermi

level set to zero energy.
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Figure S16. The key urea oxidation pathways and the corresponding energy profiles

for NiSe and La-NiSe catalysts.
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Figure S17. Comparison of LSV curves of the two-electrode setup of

La-NiSe-2║La-NiSe-2 in 1 M KOH with and without 0.33 M urea electrolyte. (b)

Chronoamperometric stability test of urea-assisted water electrolysis employed

La-NiSe-2║La-NiSe-2 in 1 M KOH and 0.33 M urea.
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Table S1. Comparison of UOR performances of La-NiSe-2 with other types methods

of recently reported nickel selenide catalysts

Catalysts Electrolyte
η10 (V)
for
UOR

Current density
at 1.6 V vs.

RHE (mA cm-2)

Tafel slope

(mV dec-1)

Stability
(h)

Ref

La-NiSe-2
1 M KOH +
0.33 M Urea

1.38 213 44.3 50
This
work

Ni0.85Se@CNTs-S
S

1 M KOH +
0.33 M Urea

1.39 40 85 22 S7

NiSe@SM
1 M KOH +
0.33 M Urea

1.38 120 47 9 S8

NiMoSe/NF
1 M NaOH +
0.33 M Urea

1.4 175 43.3 10 S9

FeSe2@Fe2O3

/NiSe
1 M NaOH +
0.33 M Urea

1.38 210 57 12 S10

NiSe@MoS2/NF
1 M KOH +
0.5 M Urea

1.42 / 30 30 S11

Ni0.85Se/NiSe2
1 M KOH +
0.33 M Urea

1.36 184 80.4 7 S12

Fe-NiSe2–2
1 M KOH +
0.33 M Urea

1.38 120 22.9 2 S13

NiSe2@MoSe2
1 M KOH +
0.33 M Urea

1.36 120 41 2 S14

4NiAlSe-450
1 M KOH +
0.5 M Urea

1.36 110 / 3 S15

r-Se/NiSe2/NF
1 M KOH +
0.33 M Urea

1.38 190 54 20 S16

NiFeCoSe2
1 M KOH +
0.33 M Urea

1.37 150 149 30 S17
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Table S2. EIS fitting parameters from equivalent circuits for different catalysts for

UOR from Figure S10

Sample Rs (Ω) Rct (Ω) CPE1-T/S S-n CPE1-P/S S-n

NiSe 4.65 22.52 5.81E-4 9.19E-1

La-NiSe-1 4.71 15.63 1.88E-3 8.15E-1

La-NiSe-2 5.04 10.38 1.79E-3 8.41E-1

La-NiSe-3 5.37 13.25 1.57E-3 8.46E-1

Table S3. EIS fitting parameters from equivalent circuits for different catalysts for

OER from Figure S11

Sample Rs (Ω) Rct (Ω) CPE1-T/S S-n CPE1-P/S S-n

NiSe 5.23 30.16 1.87E-3 9.21E-1

La-NiSe-1 5.27 27.25 1.93E-3 9.03E-1

La-NiSe-2 5.95 18.62 1.15E-3 7.35E-1

La-NiSe-3 4.83 22.71 1.71E-3 8.90E-1
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Table S4. EIS fitting parameters from equivalent circuits for different catalysts for

HER from Figure 4d

Sample Rs (Ω) Rct (Ω) CPE1-T/S S-n CPE1-P/S S-n

NiSe 1.79 13.05 9.60E-6 9.44E-1

La-NiSe-1 1.90 8.06 1.27E-5 9.72E-1

La-NiSe-2 1.83 4.84 1.27E-5 9.68E-1

La-NiSe-3 1.72 5.61 2.20E-5 9.67E-1
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