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Figure S1. EDS spectrum of the 1H5E-CC intermediate products. 

1H5E-CC was prepared by electrodeposition and hydrothermal reaction, finally we 

collected the precipitate. The deposition bath containing 0.05 M Na2SO4, 0.5 M H3BO3, and 

0.1 M Na2SO4, and depositing was performed at room temperature in constant current 

way at −100 mA for 5 min. Then 0.01 M ammonium tetrathiomolybdate and 0.5 M thiou-

rea were dissolved in 50 mL DI water, and the mixed solution was stirred at room tem-

perature for 30 min. Then sample and mixed solution were transferred into a 100 mL Tef-

lon-lined stainless steel autoclave and maintained at 180 ℃ for 1 h. In the end, collecting 

the precipitate by suction filtration and drying.  

 

Figure S2. XRD patterns of 5E-CC and CC. 
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Figure S3. Polarization curve of 9H5E-CC for OER. (a) Polarization curve, (b) Photographic image 

of 9H10E-CC at OER process. 

 

Figure S4. CV curves showing the capacitive of Cdl of (a) 9H5E-CC, (b) 9H-CC, and (c) 9H15E-CC. 
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Figure S5. Photographic images of the as-prepared samples on CF. 

 

 

Figure S6. SEM images of (a, e) 5E-CF and (c, d) 9H5E-CF before polarization. 
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Figure S7. SEM images of 9H5E-CF (c, g) before and (c, d) after running chronopotentiometry. 

 

Figure S8. XRD of 9H5E-CF before 2 h-chronopotentiometry procedure. 
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Figure S9. XPS spectra of (a) Co element (b) Mo element (c) Ni element (d) O element (e) S element 

for 9H5E-CF. 



Catalysts 2023, 13, 1426 7 of 10 
 

 

 

Figure S10. CV curves showing the capacitive of Cdl of (a) 9H5E-CF, (b) 9H-CF, and (c) 9H15E-CF. 
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Table S1. Listing of the experimental parameters for fabricating the samples. 

Samples Substrate 

Experimental parameters 

Electrodeposition time 

(at −100 mA) 

Hydrothermal reaction solution 

(180 °C for 9 h) 

CC CC   

5E-CC CC 5 min  

9H5E-CC CC 5 min 0.5 M CH4N2S, 0.01 M (NH4)2MoS4, 50 mL H2O 

9H1-CC CC  0.5 M CH4N2S, 50 mL H2O 

9H15E-CC CC 5 min 0.5 M CH4N2S, 50 mL H2O 

9H-CC CC  0.5 M CH4N2S, 0.01 M (NH4)2MoS4, 50 mL H2O 

9H25E-CC CC 5 min 0.01 M (NH4)2MoS4, 50 mL H2O 

9H2-CC CC  0.01 M (NH4)2MoS4, 50 mL H2O 

CF CF   

5E-CF CF 5 min  

9H5E-CF CF 5 min 0.5 M CH4N2S, 0.01 M (NH4)2MoS4, 50 mL H2O 

9H1-CF CF  0.5 M CH4N2S, 50 mL H2O 

9H15E-CF CF 5 min 0.5 M CH4N2S, 50 mL H2O 

9H-CF CF  0.5 M CH4N2S, 0.01 M (NH4)2MoS4, 50 mL H2O 

9H25E-CF CF 5 min 0.01 M (NH4)2MoS4, 50 mL H2O 

9H2-CF CF  0.01 M (NH4)2MoS4, 50 mL H2O 

 

Table S2. Rs and Rct value of 9H5E-CC, 9H-CC and 9H15-CC. 

Electrode Rs Rct (Ω) 

9H5E-CC 2.145 1.325 

9H-CC 2.061 1.799 

9H15E-CC 2.146 1.377 

 

Table S3. Rs and Rct value of 9H5E-CF, 9H-CF and 9H15-CF. 

Electrode Rs Rct (Ω) 

9H5E-CF 1.614 1.527 

9H-CF 1.909 2.301 

9H15-CF 1.757 1.653 
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Table S4. Comparison of the water splitting performance of the catalyst in this work with other 

reported bifunctional catalysts in 1 M KOH (References [39-51] are cited in the supplementary ma-

terials). 

Catalysts Overpotential of HER 
Overpotential of 

OER 

Voltage of overall water 

splitting at current 

density j 

Ref. 

MoO3-NiSx η
10 

= 142 mV η
50 

= 294 mV η
50 

= 1.88 V This work 

MoS2@Ni9S8/Co3S4 η
10 

= 81.24 mV η
50 

= 159.67 mV η
10 

= 1.45 V 1 

CoS2/MoS2 η
10 

= 53 mV η
10 

= 255 mV η
10 

= 1.55 V 2 

Li-α-MoO3/CFP  η
10 

= 458 mV  3 

Co3(PO4)2-MoO3-

x/CoMoO4/NF 
η

100 
= 76 mV   4 

Fe-NiCoP-MoO3 η
10 

= 65 mV η
50 

= 293 mV η
10 

= 1.586 V 5 

p-MoS2/NiS2 η
10 

= 155 mV η
100 

= 337 mV η
10 

= 1.51 V 6 

NiS/FeS2 η
10 

= 148 mV η
10 

= 183 mV η
10 

= 1.56 V 7 

ZneNiS-3 η
10 

= 208 mV η
50 

= 302 mV η
50 

= 1.71 V 8 

CoS/NiS@CuS η
10 

= 110 mV   9 

NiO/Co2P NSs η
10 

= 108 mV η
10 

= 207 mV η
10 

= 1.57 V 10 

FeS/NiS and Ni/NiO η
10 

= 84 mV η
10 

= 168 mV η
10 

= 1.47 V 11 

NiS/NiCo2S4 η
10 

= 198 mV η
10 

= 259 mV  12 

NiS/N–C η
10 

= 88 mV η
10 

= 170 mV η
10 

= 1.51 V 13 
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