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1. Methods

1.1 Materials Synthesis: In a typical procedure, 10 g Ni(NO3)2·6H2O, 12 g 

citric acid and 2 g water-soluble starch were dissolved in deionized water to obtain a 

uniform and transparent solution and then transformed into a spray dryer. Then the 

precursor was carbonized at 500 ℃ for 1h under 10% H2/Ar atmosphere to obtain the 

Ni@C precursor. Subsequently, the selenium vapor was introduced into the quartz-tube 

reactor at 700 ℃ for 2 h under 10% H2/Ar atmosphere to prepare the NiSe/Ni@C. 

1.2 Material Characterizations: The phase crystal of materials was characterized 

by X-ray diffraction (XRD) on Rigaku D/max-3C X-ray diffractometer with Cu Kα. 

Raman spectra was tested on a Renishaw in Via micro-Raman spectroscopy system 

with a laser wavelength of 780 nm. The micromorphology was characterized by a 

HELIOS NanoLab 600i field emission scanning electron microscope (FE-SEM). 

Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) of the 

samples were performed on JOEL JEM-2100F, Japan. X-ray photoelectron 

spectroscopy (XPS) was accomplished using a Thermo Scientific ESCALAB 250Xi X-

ray photoelectron spectrometer. N2 physical adsorption/desorption isotherms were 

achieved at -196 °C on an ASAP-2460-4HD apparatus. The carbon content was 

determined by Thermogravimetric Analysis (TG), TGA/DSC3+, Mattler Toledo. 

1.3 Electrochemical Measurements: The electrochemical evaluation was 

performed using 2032-type coin cells. The electrode was prepared by mixing active 

material, Super P and CMC in a weight ratio of 8:1:1. The slurry of the mixture was 

stirred for 12 h and then pasted on copper foil, and dried at 90°C for 12 h. Coin cells 



were assembled using Na metal as reference electrode, NaPF6 (EC: DEC=1:1) as 

electrolyte. The mass loading of active materials was about 1 mg cm-2. 

Charge/discharge performance at various current was tested by Land battery circulator. 

Cyclic voltammetry (CV) measurement was performed on CHI 660E electrochemical 

workstation between 0.1 and 3.0 V. Electrochemical impedance spectroscopy (EIS) 

was conducted on CHI660E at the range of 0.01−105 Hz.



Figure S1. Schematic illustration of synthesis process of NiSe/Ni@C.

Figure S2. TEM images of NiSe/Ni@C a) at lower magnification, b) higher 

magnification (the red circle in (a))



Figure S3. The ball and stick model of hexagonal-NiSe

Figure S4. The inverse fast Fourier transformations of Ni



Figure S5. a) XRD pattern, b) Raman spectra, c) XPS survey, d-f) NiSe/Ni@C high-

resolution XPS spectra (C 1s, Ni 2p, Se 3d).

Figure S6. TG profile of Ni@C sample.



Figure S7. Ni 2p high-resolution XPS spectra of NiSe and NiSe/Ni@C.

Figure S8. The CV curves of NiSe electrode (0.01 ~ 3.0 V at 0.1 mV s-1)



Figure S9. Charge/discharge profiles of NiSe at a current density of 0.2 A g-1.

Figure S10. NiSe/Ni@C electrode cycling performance at 2.0 A g-1.



Figure S11. The cycled SEM of NiSe/Ni@C electrode at 1.0 A g-1.

Figure S12. a) capacitive contribution at 0.5 mV s-1. b) capacitive ratio at various scan 

rates. c) GITT profile of the NiSe/Ni@C, d) NiSe electrode.



Figure S13. Schematic of GITT test

A series of DNa
+ were calculated at discharge process according to the following 

Eq. 1:

 DNa
+ =                   Eq. 1
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Where mB (g) is the mass of the electrode, A (cm2) is the surface area of the 

electrode, VM (cm3 mol−1) is the molar volume of the electrode, MB (g mol-1) is the 

molecular weight, ΔEs (V) is the steady-state potential by the current pluse, L (cm) is 

the thickness of the electrode, ∆Et (V) is the change in potential during a constant 

current pulse after eliminating the iR drop.



Figure S14. Nyquist plots of NiSe/Ni@C and NiSe electrodes after the cycling.
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Figure S15. N2 adsorption-desorption isotherms of NiSe/Ni@C and NiSe.



Figure S16. Structural models of NiSe, NiSe@C, and NiSe/Ni.



Figure S17. DFT calculation of the electrode. (a) the density of states (DOS), (b) bader 

charges of Na ion, (c-e) the adsorption energy diagrams of NiSe, NiSe@C, and 

NiSe/Ni, (f-h) the difference in charge density with Na adsorption at the interface.
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