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Figure S1. (a)-(b) Typical SEM images of the freeze-dried precursor gel consisting of 

NH2CSNH2-(NH4)6W12O39-NaCl, revealing that 3D NaCl self-assembly was covered 

with the discontinuous thin films of NH2CSNH2-(NH4)6W12O39 complex during the 

freeze-drying process. (c)-(d) SEM images of these NaCl cubes coated with WS2 

nanosheets before washing away the templates, indicating that the 3D assembly was 

well preserved after the calcination process and WS2 nanosheets were formed between 

the surfaces of adjacent NaCl particles. 
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Figure S2. (a) Low-magnified SEM image of the as-synthesized WS2 nanosheets. (b)-

(d) TEM images of the as-synthesized WS2 nanosheets. (e) HRTEM image of the WS2 

nanosheets obtained from an experiment of higher ratio of NaCl to WS2 precursor. (f) 

HRTEM image of the WS2 nanosheets obtained from an experiment of lower ratio of 

NaCl to WS2 precursor. (g) EDX spectrum of a specific area in which some typical WS2 

nanosheets were displayed.

  

Figure S3. (a) STEM image of an individual WS2 nanosheet. (b) EDX element mapping 

of W and (c) EDX element mapping of S corresponding to the area in STEM image of 

(a).
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Figure S4. XPS spectra of the as-synthesized WS2 nanosheets: (a) W4f and W5p peaks, 

and (b) S2p peaks.
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Figure S5. (a) XRD pattern and (b) Low-magnified SEM image of these disordered 

WS2 blocks synthesized by CVD technique. (c) FE-SEM image of the surface of a 

typical WS2 block.
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Figure S6. XRD patterns and typical SEM images of the TMD nanosheets produced 

through the facile NaCl template-assisted CVD strategy: (a)(b) MoS2, (c)(d) MoSe2 and 

(e)(f) WSe2, respectively.
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Figure S7. (a) The photo illustrating a light-emitting diode application of the sodium-

ion battery cell even after 60 cycles at 0.1 A g-1, where the as-synthesized WS2 

nanosheets coated Cu foil act as the working anode. Photos of the nineteen randomly 

twinkling light-emitting diodes at different times of (b) T=10s, (c) T=60s, (d) T=120s 

and (e) T=180s, respectively.

Figure S8. Cycling performance of WS2 nanosheets electrodes at a current density of 

(a) 0.5 A g-1 and (b) 1 A g-1 for sodium-ion batteries, respectively.

(a) (b) (c)

(d) (e)

10 20 30 40 50 60 70 80 90
0

100

200

300

400

500

600

700

800

0.5 A g-1

 

 

Ca
pa

ci
ty

 (m
Ah

 g
-1
)

Cycle Number (N)

 Discharge
 Charge

10 20 30 40 50 60 70 80 90
0

100

200

300

400

500

600

700

800
 

 

Ca
pa

ci
ty

 (m
Ah

 g
-1
)

Cycle Number (N)

 Discharge
 Charge

1 A g-1

(a) (b)



Table S2. Kinetic parameters of the electrodes of WS2 nanosheets and WS2 blocks after 

the rate capability test obtained by fitting the EIS curves based on the corresponding 

equivalent circuit.

Samples Re (Ω) Rct (Ω)

WS2 nanosheets 5.74 80.6

WS2 blocks 4.90 203.7

Figure S9. Comparison of rate capability performance for the WS2 nanosheets electrode 

with that of WS2-based sodium-ion battery anodes reported previously (to the best of 

our knowledge).



Table S1. Comparison of specific capacity and capacity retention at different current 

densities for the WS2 nanosheets electrode with those of WS2-based and other 

representative TMDs-based sodium-ion battery anodes reported previously.

Materials
Synthesis
method

Current 
density 
(A g-1)

Cycle 
number 

(N)

Specific 
capacity 

(mAh g-1)

Capacity 
retention 

(%)
WS2 nanosheets

[this work]
In-situ chemical vapor 

deposition
0.1 60 460.8 100

3D WS2-rGO 
microspheres S1

Spray pyrolysis 0.2 200 334 93

WS2 nanowires S2
Solvothermal & 

calcination
0.1 50 483.2 79.8

WS2@graphene 
nanocomposites S3

Hydrothermal approach 0.02 500 329 71.5

WSx/WO3 thorn- 
bush nanofiber S4

Electrospinning & post-
thermal treatment

0.1 100 585 74

3D porous WS2/C 
nanocomposite S5

Electrostatic spray 
deposition

0.5 300 210 84

MoS2/C flowerlike 
nanospheres S6

Hydrothermal approach 0.67 300 400 76.2

MoS2/Graphene 
composite paper S7

Vacuum filtration 0.025 20 218 82.3

Vine-like MoS2 
fiber S8

Electrospinning 0.1 30 470 63.5

Micro-MoS2 S9 Solid state calcination 0.05 20 400 91

MoS2 
nanoflowersS10

Hydrothermal approach 0.2 300 295 100

MoS2/Graphene 
composite S11

Hydrothermal approach 0.02 100 380 54.3

MoS2-graphene 
microspheres S12

Spray pyrolysis 0.2 50 480 88

Ultrathin MoS2 
nanosheets S13

Ultrasonic exfoliation 
technique

0.32 100 251 78.4

MoSe2 
nanoplatesS14

Pyrolysis 0.042 50 369 71.9

FeSe2 microspheres 
S15

Hydrothermal approach 1 2000 372 84.2

FeS2 nanocrystalsS16
Solution-phase chemical

synthesis
1 600 410 50



Core-shell NiSe/C 
nanospheres S17

Hydrothermal approach 
& calcination

0.1 100 280 70

CoSex-rGO 
composite S18

Spray pyrolysis 0.3 50 420 80

WSe2/C composites 
S19

High energy ball milling 
& calcination

0.2 50 270 91.8
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Figure S10. (a)(b) SEM and TEM images of the active materials after the electrode was 

discharged to 0.4 V at the initial cycle. Typical SEM images with different 

magnification times of the WS2 electrodes which were soaked in DMC for 12 h after 

the electrode was discharged to (c)(d) 0.2 V, (e)(f) 0.005 V and then charged to (g)(h) 

Na ions
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3.0 V during the first cycle.

 
0.4 μm 100 nm

 
0.2 μm 0.2 μm

Figure S11. (a)(b) SEM images at the different magnification times of the electrode of 

WS2 nanosheets with being soaked in DMC for 12 h to expose active material after the 

rate test. (c)(d) Typical TEM images of the active materials scratched from the electrode 

of WS2 nanosheets after the rate test.
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Figure S12. (a) The discharge/charge profiles of the WS2 nanosheets electrode at 0.1 A 

g -1 from 0.01 to 3.0 V at the first cycle. The letters “a” to “e” denote the different 

sodiated/desodiated statuses. (b) Ex-situ X-ray patterns of WS2 nanosheets electrodes 

collected at different discharge/charge statues marked with letters from “a” to “e”.
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