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Computational details

In this study, we employed the Vienna Ab initio Simulation Package (VASP) to conduct all
simulations based on Density Functional Theory (DFT). Exchange-correlation energies were
calculated using the Generalized Gradient Approximation (GGA), as developed by Perdew, Burke,
and Ernzerhof (PBE)3! 2. Core ions were modeled using the Projected Augmented Wave (PAW)
method, and valence electrons were expanded using a plane wave basis set with an energy cutoff of
520 eV. To accurately describe van der Waals interactions, crucial for the adsorption process, we
applied the rev-vdW-DF?2 correctionS3 4. We optimized the Brillouin zone sampling with a k-mesh
grid of 5 x 5 x 1 to balance computational efficiency with the required precision for slab model.
The convergence criterion for electronic states was defined by a total energy change less than 107°
eV between iterations. Gaussian smearing, with a width of 0.05 eV, was used to manage partial
occupancies in the Kohn-Sham orbitals. The geometry optimization convergence threshold was set
when atomic forces were reduced to below 0.02 eV/A. To compute the adsorption energies of Li
atoms on Ni (111) and Ni;S, (-110) surfaces, we used the following formula:
Euds = ELifurace — (Esurface T Eri) (S1)

where E,; denotes the adsorption energy of a Li atom on a specific surface. Epjguface 1S the
total energy of the system with the Li atom adsorbed, Ey,,.. is the energy of the clean surface (either
Ni (111) or Ni3S; (-110)), and E; represents the energy of a Li atom in its bulk state. This formula
is crucial for analyzing the energetic aspects of the adsorption process, providing insights into the

stability and migration patterns of Li atoms on these surfaces.



Fig. S1. SEM images of (a) NiNWs and (b) NINWs@Ni3S, at low magnification.
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Fig. S2. SEM images at different magnifications for (a, b) NINWs@Ni;S,-1 and (c, d) NINWs@Ni;S,-3.



Fig. S3. Elemental mapping of NINWs@Ni;S,.
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Fig. S4. XRD pattern of NINWs@Ni;S, electrode after cycling for 5 times at | mA cm2, 1 mAh cm2.
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Fig. S5. The first discharge profiles of NiNWs and NiNWs@NisS; electrodes at 5 mA cm2.
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Fig. S6. Comparison of the nucleation overpotentials of our work with others at 1 mA cm25515,
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Fig. S7. CE of NiNWs and NiNWs@Ni3S; at a current density of 3 mA cm?, 1 mAh cm™2.
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Fig. S8. EIS plots of NiNWs and NiNWs@NisS; electrodes after 200 cycles at 1 mA cm2, 1 mAh cm™ (inset is

partially enlarged views at high frequency region).

The Li* diffusion coefficients were calculated using equations S2516.
D" =R?’T? 2A’n*F*C?,0% (S2)
where R, 4, T, F, C, n, w, and ¢ are corresponding to the gas constant, surface area of the
electrode, temperature, Faraday constant, concentration of Li, number of electrons, frequency, and

Warburg factor, respectively. The Warburg factor is displayed from Z' vs. w™"? diagram.
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Fig. S9. Galvanostatic cycling voltage profile of bare Li and NINWs@Ni;S, symmetrical cells at current densities
of 3 mA cm?, 3 mAh cm; insets are the magnified galvanostatic cycling voltage profiles during 300 ~ 310 h and

1000 ~ 1010 h.
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Fig. S10. Galvanostatic cycling voltage profile of NINWs@Ni;S,-500 and NiNWs@Ni;S,-800 electrodes at a

current density of I mA cm?2, | mAh cm?.
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Fig. S11. (a) Surface and (b) cross-sectional SEM images of the Li foil electrode before cycling. (c) Surface and (d)
cross-sectional SEM images of NINWs@Ni;S, electrode before cycling.
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