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reaction; silicon photocathode. 

 

Fig. S1 (a) Photograph of synthesized VMS thin films on flexible and bare flexible glass 

substrate. (b) Raman spectra of synthesized VMS thin films on flexible glass substrate at 

each site. 

  



 

Fig. S2. AFM images of (a) PMS and (b) VMS. (c) corresponding line profiles of height 

along the green line in (a). (d) Corresponding line profiles of height along the red line in 

(b).  

 



 

Fig. S3. X-ray diffraction patterns of synthesized thin films.  

 

 

  



 

Fig. S4. The rarely found Ni2FeS4 phase in high-resolution TEM images of F1N9S/VMS 

thin film. 

 

  



 

Fig. S5. High resolution TEM images of (a) F1N9S/VMS and (b) F5N5S/VMS thin films. 

(c) HAADF-STEM image and EDS mapping of F5N5S/VMS thin film.  

 

  



 

Fig. S6. Calculated work function and EF - EV values of PMS/p-Si, VMS/p-Si, and FNS 

NPs/p-Si photocathodes. 

  



 

Fig. S7. (a) Absorbance spectra and (b) Tauc plots of PMS, VMS, NS/VMS, F1N9S/VMS, 

F5N5S/VMS, and FS/VMS thin film catalysts. 

 

  



 

Fig. S8. (a) Flat band diagram of NS/VMS/p-Si. (b) Flat band diagram of F1N9S/VMS/p-

Si. (c) Flat band diagram of FS/VMS thin film photocathodes. 

 

 

 

 



 

Fig. S9. (a) The polarization curves of the synthesized thin films on Au electrode. (b) Tafel 

slopes of the synthesized thin films plotted as log (j) against potential vs. RHE 

 

 

  



 

Fig. S10. SEM images of PMS/p-Si photocathode (a) before and (b) after morphological 

changes. 

 

  



 

Fig. S11. SEM images of F1N9S/VMS/p-Si photocathode (a) before and (b) after the 

stability test. (c-d) TEM images of the F1N9S/VMS/p-Si photocathode after the stability 

test. Red arrow: deposited Ga layer during TEM sample preparation using focused ion beam 

(FIB) instrument. (e) Cross-sectional HAADF-STEM image and EDS mapping of 

F1N9S/VMS/p-Si photocathode after the stability test. 

  



 

Fig. S12. (a) Raman spectra and (b) XRD patterns of the F1N9S/VMS/p-Si photocathode 

after the stability test. XPS analysis of the F1N9S/VMS/p-Si photocathode after the stability 

test for (c) Mo 3d, (d) Ni 2p, and (e) Fe 2p. 

 

 



 

Fig. S13. (a) Schematic of the SPECM measurement setup, combining scanning 

photocurrent microscopy with a standard three-electrode electrochemical measurement. A 

copper electrode contacting the device, Pt, and the saturated calomel electrode are used as 

the working, counter and reference electrodes, respectively. The home-designed reaction 

bath is illuminated by a 532-nm laser from above. (b) Photograph of the measurement with 

a 532-nm laser and mapping stage. (c) Photograph of the fabricated device on slide glass 

with O-ring. The device is electrically connected to a copper electrode through an InGa 

eutectic alloy and silver paste. 

 

 

  



 

Fig. S14. (a) Optical image of the fabricated device. (b) Photocurrent mapping image of the 

device at -0.1 V vs. RHE. Scale bars in (a) and (b) are 200 μm. (c) Corresponding line profiles 

of photocurrent along the solid lines in (a). Red (1st) and green (2nd) line profiles are obtained 

along the red (1st) and green (2nd) solid lines in (a), respectively. Red, green, orange and yellow 

shaded regions indicate F1N9S/VMS, PMS, NS/VMS and VMS, respectively. 

 

 

 

  



Table S1. Calculated work function and EV – EF values of PMS/p-Si, VMS/p-Si, and FNS 

NPs/p-Si photocathodes. 

Photocathode 
Work function 

(eV) 

EF – VBM 

(eV) 

Au 5.10 0 

p-Si 4.70 0.40 

PMS 4.34 1.36 

VMS 4.36 1.12 

NS (Ni3S2) 4.31 0.033 

F1N9S 4.32 0.030 

F5N5S 4.29 0.17 

FS (FeS2) 4.32 0.38 

 

  



Table S2. Comparison of experimental results with previously reported transition metal sulfide 

catalysts. 

Electrocatalyst Type 

Overpotential 

(mV)  

@ 10 mA cm-2 

Tafel slope 

(mV dec-1) 
Ref Electrolyte 

F1N9S/VMS 

Thin film 

106 68.5 
This 

study 

0.5 M 

H2SO4 

Defective-rich MoS2 208 160 [1] 
0.5 M 

H2SO4 

Au nanorods 

on MoS2 nanosheet 
220 71 [2] 

0.5 M 

H2SO4 

Vertically aligned 

MoS2 nanosheets 

with graphene 

421 84 [3] 
0.5 M 

H2SO4 

Core-shell MoO3-

MoS2 nanowires 

Nanostructure 

~175 ~55 [4] 
0.5 M 

H2SO4 

Ni-Co-MoS2 

nanoboxes 
155 51 [5] 

0.5 M 

H2SO4 

P, Se-co-doped MoS2 

nanosheets on CNTs 
110 49 [6] 

0.5 M 

H2SO4 

MoS2 nanosheets 

on TiN nanorods 
146-195 

44.8-

65.6 
[7] 

0.5 M 

H2SO4 

CoS2-MoS2/CNTs 70 67 [8] 
0.5 M 

H2SO4 

Co-doped MoS2 

nanosheets on 

Carbon 

90 50 [9] 
0.5 M 

H2SO4 

Cu nanoparticle 

deposited MoS2 

nanoflowers on GO 

sheet 

126 90 [10] 
0.5 M 

H2SO4 

N-doped Cu2S/MoS2 

nanorod arrays 
91 41 [11] 1 M KOH 

NixSy-MoS2 hybrid 

microspheres 
Microstructure ~290 55.6 [12] 

0.5 M 

H2SO4 
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