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Figure S1. Scanning electron micrographs and corresponding energy-dispersive X-ray maps of group 4 TMDs. Scale bars 

represent 10 μm.



Figure S2. Elemental compositions of group 4 TMD materials based on energy-dispersive X-ray spectroscopy. 

Figure S3. Tabulated chalcogen-to-metal ratios of group 4 TMD materials before and electrochemical treatments based on 

high resolution X-ray photoelectron spectroscopy. 



Figure S4. The effect of electrochemical treatment on HER performance of TiS2. (a) Linear sweep voltammograms for HER 

in acidic electrolyte on TiS2 (black line), TiS2 after -1.5 V treatment (red line) and TiS2 after +0.7 V treatment (blue line) 

deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 current 

density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and TiS2 before and 

after electrochemical treatment.           

Figure S5. The effect of electrochemical treatment on HER performance of ZrS2. (a) Linear sweep voltammograms for HER 

in acidic electrolyte on ZrS2 (black line) and ZrS2 after -1.1 V treatment (red line) deposited on a GC electrode. Presented in 

the bar charts are the averages of the (b) overpotential at -10 mA cm-2 current density, (c) Tafel slopes and (d) HER onset 

potential, with their corresponding error bars for bare GC and ZrS2 before and after electrochemical treatment.     



Figure S6. The effect of electrochemical treatment on HER performance of TiSe2. (a) Linear sweep voltammograms for HER 

in acidic electrolyte on TiSe2 (black line), TiSe2 after -1.6 V treatment (red line) and TiSe2 after +1.5 V treatment (blue line) 

deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 current 

density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and TiSe2 before and 

after electrochemical treatment.      

Figure S7. The effect of electrochemical treatment on HER performance of ZrSe2. (a) Linear sweep voltammograms for HER 

in acidic electrolyte on ZrSe2 (black line), ZrSe2 after -1.25 V treatment (red line) and ZrSe2 after +1.5 V treatment (blue line) 

deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 current 

density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and ZrSe2 before and 

after electrochemical treatment.       



Figure S8. The effect of electrochemical treatment on HER performance of HfSe2. (a) Linear sweep voltammograms for HER 

in acidic electrolyte on HfSe2 (black line), HfSe2 after -1.25 V treatment (red line) and HfSe2 after +1.5 V treatment (blue line) 

deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 current 

density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and HfSe2 before and 

after electrochemical treatment.           

Figure S9. The effect of electrochemical treatment on HER performance of TiTe2. (a) Linear sweep voltammograms for HER 

in acidic electrolyte on TiTe2 (black line), TiTe2 after -1.6 V treatment (red line) and TiTe2 after +1.1 V treatment (blue line) 

deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 current 

density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and TiTe2 before and 

after electrochemical treatment.           



Figure S10. The effect of electrochemical treatment on HER performance of ZrTe2. (a) Linear sweep voltammograms for 

HER in acidic electrolyte on ZrTe2 (black line), ZrTe2 after -1.6 V treatment (red line) and ZrTe2 after +1.1 V treatment (blue 

line) deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 

current density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and ZrTe2 

before and after electrochemical treatment.    

Figure S11. The effect of electrochemical treatment on HER performance of HfTe2. (a) Linear sweep voltammograms for 

HER in acidic electrolyte on HfTe2 (black line), HfTe2 after -1.6 V treatment (red line) and HfTe2 after +1.1 V treatment (blue 

line) deposited on a GC electrode. Presented in the bar charts are the averages of the (b) overpotential at -10 mA cm-2 

current density, (c) Tafel slopes and (d) HER onset potential, with their corresponding error bars for bare GC and HfTe2 

before and after electrochemical treatment.


