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Figure S1. SEM images of the WO3-x-750. 

 

 

Figure S2. SEM images of the WO3-x-800. 

 

 

Figure S3. SEM images of the WO3-x-850. 

 



 

Figure S4. BET measurements of WO3 (a) and WO3-x-850-P (b) 
 
 

 

Figure S5. SEM images of the WO3-x-750-P. 
 

 

Figure S6. SEM images of the WO3-x-800-P. 
 



 

Figure S7. SEM images of the WO3-x-850-P. 
 

 

Figure S8. SEM (a) and the relevant EDS mapping of W (b) and O 

(c) elements on WO3 sample. 

 

 

Figure S9. SEM (a) and the relevant EDS mapping of W (b) and O 

(c) elements on WO3-x-850 

 



 
Figure S10. SEM (a) and the relevant EDS mapping of C (b), W (c) 

and O (d) elements on WO3-x-850-P. 

 

 

Figure S11. Raman spectra of WO3 and WO3 nanomaterials 

annealed at different temperatures or carburized at the same 

temperature and treated with plasma. 

 



 

Figure S12. Raman spectra of WO3 and WO3 nanomaterials 

annealed at different temperatures and treated with plasma. 
 

 

Figure S13. XRD patterns for the WO3-x-750 and the WO3-x-850. 
 



 

Figure S14. XRD patterns for the WO3-x-750-P. 

 

 

Figure S15. XRD patterns for the WO3-x-800-P. 
 



 

Figure S16. Comparative analysis of the XRD pattern for WO3, 

heat treated with and without plasma under different temperature 

(750°C, 800°C, and 850°C).  

 

 
Figure S17. The LSV profiles of the WO3-x-750-P, WO3-x-800-P, and 

WO3-x-850-P in 0.5 M H2SO4.  

  



Table S1. HER activity comparison 

electrolyte Catalysts 
Overpotential (mV) 

@10 mA cm-2 
Ref. 

0.5 M H2SO4 This work 170 This work 

0.5 M H2SO4 Mo2C/C hollow microspheres 175 [1] 

0.5 M H2SO4 Mo2CTx 189 [2] 

0.5 M H2SO4 Ta0.3W0.7C/CB ~245 [3] 

0.5 M H2SO4 Re@Ti3C2Tx 298 [4] 

0.5 M H2SO4 WCx/C 264 [5] 

0.5 M H2SO4 N-doped WC 290 [6] 

0.5 M H2SO4 W2C-thinfilm 263 [7] 

0.5 M H2SO4 WC/CNT 435 [8] 

 

 

Table S2 Simulated parameters of EIS plots 

Catalysts Rs/Ohm Rct/Ohm CPE/F n 

WO3 11.74 50.3 0.002593 0.8262 

WO3-x-850 12.63 38.71 0.002543 0.88942 

WO3-x-850-P 12.62 33.32 0.002998 0.89999 
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