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Supplementary Figure S1. (a) SEM images of the (a) WS2 nanosheets and (b) bulk WS2. (c) The 

corresponding elemental mapping images of the WS2 nanosheets.
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Supplementary Figure S2. The atomic force microscopy (AFM) image of the WS2 sample and the 

corresponding height profile.
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Supplementary Figure S3. (a) The XRD pattern of the WS2 nanosheets. The full width at half 

maximum (FWHM) of (002) peak for (b) the WS2 nanosheets and (c) bulk WS2. Except for the slightly 

different FWHM and intensity of (002) peak, there are almost no big differences between our WS2 

nanosheets (with the thicknesses of 20-30 layers) and the bulk WS2. This applies to many previous 

reported WS2 nanosheets (with the thickness of >10 layers) as well.1−4
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Supplementary Figure S4.  (a, b) TEM images and (c) the corresponding lattice spacing of the WS2 

nanosheets. 
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Supplementary Figure S5. The XPS spectrum of (a) W 4f and (b) S 2p for the WS2 nanosheets.
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Supplementary Figure S6. The CV curves of the electrode based on WS2 nanosheets at a sweep rate of 

3 mV s−1.
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Supplementary Figure S7. The initial charge/discharge curves of the electrode based on WS2  

nanosheets at a current density of 0.1 A g−1.
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Supplementary Figure S8. The rate capability of the electrode based on WS2 nanosheets.
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Supplementary Figure S9. The The CV curves of the electrode based on the WS2 nanosheets at 

various sweep rates. (b) The determination of the b-value at cathodic peak regimes. The value of b can 

be determined from the slope of log (peak current) versus log (sweep rate) as following the equation of i 

= avb, in which a and b are constants. The b value of 0.5 indicates diffusion-controlled charge storage 

and the value of 1 suggests a capacitive (or pseudocapacitive) charge-storage mechanism. Here the b 

value calculated at the anodic peak regimes was estimated to be 0.7, suggesting the combination of a 

capacitance-controlled current and a diffusion-controlled current. In this case, the current can be 

separated into capacitive (k1v) contribution and diffusion-controlled contribution (k2v1/2) as follows: i = 

k1v + k2v1/2. Then, the k1 and k2 contents at various potentials can be determined by plotting i/v1/2 versus 

v1/2. 5−8
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Supplementary Figure S10. Contribution ratios of capacitances from the surface-controlled charge 

storage and diffusion-limited charge storage for the electrode based on WS2 nanosheets at various 

sweep rates.
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Supplementary Figure S11. The N2 adsorption-desorption isotherm of the for the WS2 nanosheets with 

a specific surface area of 28 m2 g−1.
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Supplementary Figure S12. The electrical-double-layer typed capacitive test in a standard ionic liquid 

electrolyte (EMI-BF4) 9 for a symmetrical supercapacitor based on the WS2 nanosheets as electrodes. 

The specific capacitance was calculated to be about 1.95 F g−1. This EDLC contribution is low since the 

specific capacitance is proportional to the specific surface area to a certain extent.10
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Supplementary Figure S13. The used equivalent circuit for fitting impedance spectra of the electrode 

based on the WS2 nanosheets in the potential range of 1−3V vs. Na/Na+.
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Supplementary Figure S14. Nyquist plots of the electrode based on the WS2 nanosheets was 

discharged to the (a) 0.5 V and (b) 0.1 V vs. Na/Na+. (c) The used equivalent circuit for fitting 

impedance spectra.
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Supplementary Figure S15. (a) Schematic illustration of the different site for surface Na ion storage. 

Hirshfeld charges distribution (b) before and (c) after Na adsorption. The yellow, blue and purple 

spheres are the S, W and Na atom, respectively.
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Supplementary Figure S16. Schematic illustration of the fabricated Na-ion capacitor based on the WS2 

nanosheets as the anode.
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Supplementary Figure S17. The electrochemical behaviours of the used cathode for the WS2 based Na 

ion capacitor. (a) The CV curves at various sweep rates. (b) Galvanostatic charge/discharge profiles and 

(c) specific capacitances at various current densities. The mass ratio of the used cathode and WS2 anode 

was obtained according to the following equation: Q+ =  Q − = m+ × U+ ×C+ = m − × U−  × C − , 

where Q is the capacity, U is the potential range, m is the mass of active electrode, and subscripts stand 

for the cathode and anode, respectively.11,12
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Supplementary Figure S18. The CV curves of the fabricated Na-ion capacitor based on WS2 

nanosheets as the anode at various sweep rates
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Supplementary Figure S19. The SEM image of (a) the WS2 anode for the Na-ion capacitor after 6000 

cycles, (b) the acetylene back and (c) the binder
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Supplementary Figure S20. The coulombic efficiencies of the fabricated Na-ion capacitor during the 

cycling process.
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Supplementary Table S1. Hirshfeld charges distribution before and after Na adsorption.

WS2 T_W
Na1 0.23
S1 -0.06 -0.06
S2 -0.06 -0.11
S3 -0.06 -0.06
S4 -0.06 -0.1
S5 -0.06 -0.06
S6 -0.06 -0.11
S7 -0.06 -0.06
S8 -0.06 -0.11
W1 0.1 0.11
W2 0.1 0.11
W3 0.1 0.11
W4 0.1 0.11
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