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Characterization of materials
The crystal structure of the synthesized samples was characterized using X-ray powder diffraction (XRD), with data collected over a scattering angle (2θ) range of 10–80o. The morphology of the NiCo2S4 and NiCo2S4/Co9S8@LC was analyzed via field emission scanning electron microscopy (FESEM) and high-resolution transmission electron microscopy (HRTEM). Raman spectroscopy was employed to confirm the presence of carbon in the synthesized materials at an excitation wavelength of 532 nm. X-ray photoelectron spectroscopy (XPS) was utilized to characterize the chemical states of elements within the obtained samples. Nitrogen adsorption-desorption isotherms at 77K were acquired using an automatic microporous physical and chemical adsorption instrument, from which information regarding the Brunauer-Emmett-Teller (BET) specific surface area and Barrett-Joyner-Halenda (BJH) pore size distribution for the samples was derived.
Electrochemical measurements
For the fabrication of the working electrode, the obtained samples were combined with acetylene black and polyvinylidene fluoride in a weight ratio of 8:1:1, followed by the addition of N-methyl-2-pyrrolidone to create a homogeneous slurry. This slurry was then coated onto copper foil using a film coater and dried overnight at 80 oC in a vacuum oven. Subsequently, the copper foil was cut into discs with a diameter of 8 mm, resulting in a mass loading of 0.12–0.20 mg cm⁻2. A CR-2025 button half-cell was assembled within an argon-filled glove box (H2O < 0.01 ppm, O2 < 0.01 ppm), utilizing the coated copper foil as the working electrode and sodium sheet as the counter electrode. The electrolyte consisted of a 1 M NaClO4 solution composed of ethylene carbonate (EC) and propylene carbonate (PC) in a volume ratio of EC:PC=1:1, along with 5 vol.% fluoroethylene carbonate, while glass fiber (Whatman GF/D) served as the separator. The battery test system was used to conduct galvanostatic charge/discharge tests to evaluate both cycle life and rate performance over an operating voltage range of 0.01-3 V vs Na/Na+. Finally, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were performed using a CHI760E electrochemical workstation from Chenhua, Shanghai. The CV test sets a reasonable voltage window (such as 0.01–3.0V) and scanning rate (0.1–5mV/s), and combines constant current charge and discharge data to comprehensively analyze the sodium storage mechanism and interface evolution law of sodium-ion batteries.

Computational details
All calculations were performed within the framework of Density Functional Theory (DFT) using the Vienna Ab initio Simulation Package (VASP 6.3.0). The generalized gradient approximation (GGA) based on the Perdew-Burke-Ernzerhof (PBE) functional was employed to describe the exchange-correlation energy. The projected augmented wave (PAW) method and corresponding pseudopotentials were employed to describe the interactions between valence electrons and ions. To ensure the efficiency of computational results and parallel computing, a 3*3*1 k-point grid based on the Monkhorst-Pack scheme was employed in the optimization process, and a truncation energy of 500 eV was set. The lattice parameters and ionic positions of all crystals were fully relaxed, with the convergence criteria for the total energy of all relaxed atoms and the final forces set at 10⁻6 eV and 0.03 eV/Å，respectively. To correct the localization effect of D-orbital electrons in transition metal atoms, the Hubbard+U method was employed, with the effective U values for Co and Ni set at 2.5 eV.
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Fig. S1 Adsorption-desorption isotherm of (a) NCS/CS@LC25 ;(b) NCS/CS@LC75.
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[bookmark: OLE_LINK46][bookmark: OLE_LINK34]Fig. S2 SEM images of synthesized samples: (a) NCS/CS@LC25; (b) NCS/CS@LC75
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Fig. S3 CV plot of the first five cycles for (a) NCS, (b) NCS/CS@LC25 and (c) NCS/CS@LC75.
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Fig. S4 Constant current charge-discharge profile of (a) NCS, (b) NCS/CS@LC25 and (c) NCS/CS@LC75 at a current of 0.1 A g⁻1.
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Fig. S5  SEM for NCS/CS@LC50 electrode after 50 300 cycles.
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Fig. S6  A linear correlation between log(i) and log(v) at both the reduction and oxidation peaks for NCS/CS@LC50 electrode.
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