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Figure S1. EDX elemental map showing proportional distribution of Sb and Se. a) Sb:Se = 
1:1.5, b) Sb:Se = 1:3, c) Sb:Se = 1:4.5, d) Sb:Se = 1:7.5, e) Sb:Se = 1:9.

Table S1. Sb and Se atomic ratios detected by EDX system.



Sb:Se Se Sb
1:1.5 29.63 4.64
1:3 34.64 7.20

1:4.5 37.49 8.72
1:7.5 50.48 7.16
1:9 71.50 10.52

Figure S2. Absorbance spectra of Sb2Se3 photocathodes with different molar ratios of Sb:Se; 
1:1.5 (black), 1:3 (red), 1:4.5 (blue), 1:7.5 (green) and 1:9 (purple).

Table S2. Estimated band gap of Sb2Se3 photocathodes with different molar ratios of Sb:Se 
from Tauc-plot.

Sb:Se 1:1.5 1:3 1:4.5 1:7.5 1:9
Band gap

(eV) 1.73 1.71 1.25 1.15 1.14



Figure S3. Cross-view FE-SEM images of the solution processed Sb2Se3 films with different 
molar ratios of Sb and Se. (a) Sb:Se = 1:1.5, (b) Sb:Se = 1:3, (c) Sb:Se = 1:4.5, (d) Sb:Se = 
1:7.5, and (e) Sb:Se = 1:9.

Figure S4. XPS spectra in Se 3d of Sb2Se3 photocathode according to Sb:Se molar ratios. (a) 
Sb:Se = 1:1.5, (b) Sb:Se = 1:3, (c) Sb:Se = 1:4.5, (d) Sb:Se = 1:7.5, and (e) Sb:Se = 1:9.



Table S3. Photoelectrochemical performances of Sb2Se3 photocathode in other literatures and 
our work. (SnS2 : Tin sulfide, Fh : Ferrihydrite, MoSx : Molybdenum sulfide, RuOx : Ruthenium 
oxide, OL : Organic layer, CdS : Cadmium sulfide, Cu:NiOx : Cu-doped nickel oxide, C60 : 
Fullerene)

Fabrication 
method

Composition
(Substrate: FTO)

Onset
Potential

(V vs RHE)

Photocurrent density
(mA/cm2 at 0 V vs RHE) Electrolyte Ref.

Sb2Se3 0.3 -0.02
Vapor transport deposition

Sb2e3/SnS2/Fh 0.3 -1.0
0.5 M Na2SO4

(pH 7) 10

Sb2Se3 0.2 -0.1
Electrodeposition

Sb2e3/Pt 0.2 -1.4
Na2SO4

(pH 6.5) 8

Au/Sb2Se3 ∙ ∙
Au/Sb2Se3/MoSx 0.12 -6Electrodeposition of Sb

/Selenization
Au/Sb2Se3/MoSx (Sulfurization) 0.25 -14

1 M H2SO4

(pH 0) 21

Sputtering of Sb
/Selenization Mo/Sb2Se3/CdS/TiO2/Pt 0.54 -35.7 0.5 M H2SO4 16

Sputtering of Sb
/Selenization Mo/Sb2Se3/TiO2/Pt 0.3 -20 1 M H2SO4 18

Au/Sb2Se3/TiO2/RuOx 0.4 -30
Close space sublimation

Au/Sb2Se3/CdS/TiO2/Pt 0.5 -18.5
H2SO4

(pH 1) 20

Close space sublimation Au/Sb2Se3/OL/TiO2/Pt 0.5 -35 H2SO4

(pH 1) 7

Solution process Au/Sb2Se3/TiO2/Pt 0.3 -30 0.1 M H2SO4

(pH 1) 23

Solution process Au/Sb2Se3/CdS/TiO2/Pt 0.5 -14 H2SO4

(pH 1) 24

Au/Sb2Se3 0.5 -0.32
Solution process

Au/Sb2Se3/TiO2/Pt > 0.4 -2.5
0.5 M H2SO4 26

Sb2Se3/TiO2/Pt 0.3 -10
Solution process

Cu:NiOx/Sb2Se3/TiO2/Pt 0.34 -17.5
H2SO4

(pH 1) 11

Solution process Au/Sb2Se3/TiO2/Pt 0.35 -12.5 0.1 M H2SO4

(pH 1) 17

Solution process Au/Sb2Se3/TiO2/C60/Pt 0.4 -17 H2SO4

(pH 1) 6

Au/Sb2Se3 0.3 -0.18
Solution process

Au/Sb2Se3/TiO2/Pt 0.3 -11.3
0.5 M H2SO4 9

Solution process Sb2Se3 0.45 -0.24 0.1 M H2SO4

(pH 1)
Our
work


