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Experimental Section 

 

1. Apparent quantum efficiency computation 

According to the literature reports [1-3] for measuring the apparent quantum efficiency (AQE). 

The experiment was measured under the photocatalytic reaction conditions of monochromatic light 

of 420 nm (λ), average radiation intensity (I) of 2.87 mW/cm-2, and irradiation area (A) of 40.12 cm2. 

The total H2 evolution with 50 mg of Ag/S-Bi2O3 catalyst was 378.6 μmol, which can be used to 

determine the reacted photons (Nreac). The number of photons (Nin) illuminated to the reactor is 

computed according to the following equations: 

Nin = 
𝐸 × λ 

ℎ × c
 = 

𝐴 × 𝐼 × 𝑡 × λ 

ℎ × 𝑐
 = 

40.12 × 2.87 × 10−3 × 3600 × 6 ×420 × 10−9

6.626 × 10−34 × 3 × 108
 = 5.255 ×  1021 

 

AQE = 
𝑁𝑟𝑒𝑎𝑐

𝑁𝑖𝑛
 × 100% = 

2 × 6.02 × 1023 × 378.6 × 10−6

5.255 × 1021  × 100 % = 8.67 % 
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Additional figures and tables 
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Fig. S1 O1s spectrums for (a) Ag/S-Bi2O3-1, (b) Ag/S-Bi2O3-2, (c) Ag/S-Bi2O3-4, and (d) Bi2O3. 
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Fig. S2 Schematic band structure diagrams for Bi2S3, Bi2O3, Ag2O, Ag2S and Ag/S-Bi2O3. 
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Fig. S3 Tafel slope of Ag/S-Bi2O3 and Bi2O3 catalysts 
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Fig. S4 Photocatalytic hydrogen evolution with the variation of time 
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Fig. S5 (a) XRD patterns of Ag/S-Bi2O3-3 after reusability reaction 6 times. XPS analyses for (b) Bi 

4f and S 2p, (c) Ag 3d, and (d) O 1s.  
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Table S1 XPS composition, VO (%), crystal, and SBET analyses of Ag/S-Bi2O3 and Bi2O3 catalysts 

Catalyst 
Atomic percentage/% 

VO (%) 
Crystal 

size (nm) 

SBET 

(m2/g) 

Pore volume 

(cm3/g) Bi Ag S O 

Ag/S-Bi2O3-1 21.33 18.47 13.51 46.69 6.61 17.4 38.9 0.291 

Ag/S-Bi2O3-2 21.02 18.69 14.92 45.37 11.65 15.6 39.8 0.306 

Ag/S-Bi2O3-3 21.49 18.28 15.64 44.59 15.70 11.3 40.5 0.312 

Ag/S-Bi2O3-4 21.52 18.14 16.73 43.61 9.74 10.7 39.7 0.298 

Bi2O3 38.31 N/A N/A 61.69 N/A 32.9 27.1 0.171 

After reaction 

Ag/S-Bi2O3-3 
20.83 19.17 15.03 44.97 15.49 11.7 39.7 0.307 

 

Table S2 Elements contents from SEM-EDS analysis for BiAgSO and Bi2O3 catalysts 

Catalyst Bi Ag S O 

Ag/S-Bi2O3-1 22.36 17.63 16.09 43.92 

Ag/S-Bi2O3-2 22.17 17.54 15.94 44.35 

Ag/S-Bi2O3-3 22.56 17.19 14.91 45.34 

Ag/S-Bi2O3-4 22.49 17.58 13.42 46.51 

Bi2O3 38.18 N/A N/A 61.82 

 

Table S3 XRF chemical elements composition of Ag/S-Bi2O3 and Bi2O3 catalysts 

Catalyst Bi Ag S O 

Ag/S-Bi2O3-1 21.11 18.07 17.09 43.73 

Ag/S-Bi2O3-2 21.20 18.15 16.24 44.41 

Ag/S-Bi2O3-3 20.88 18.46 15.31 45.35 

Ag/S-Bi2O3-4 20.48 18.50 14.42 46.60 

Bi2O3 38.26 N/A N/A 61.74 
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Table S4 Reports on PHER performance over Bi-based and oxysulfide catalysts under visible light 

Catalyst Sacrificial agent Light source AQE(%) 
PHER rate 

(mmol/g/h) 
Refs. 

g-C3N4/Au/BiVO4 10 vol% triethanol amine 300 W Xe N/A 2.986 [4] 

BiOBr/Bi2S3 Na2S/Na2SO3 300 W Xe N/A 1.03 [5] 

ZnO/Ag/Bi2S3 Na2S/Na2SO3 250 W Hg 1.1 (420 nm) 0.218 [6] 

Bi2S3/MoS2/TiO2 Na2S/Na2SO3 250 W Xe N/A 2.23 [7] 

Bi2S3/WO3 5 vol% glycerol Visible light 2.99 (450±5 nm) 9.91 [8] 

FeS2/Bi2S3 Na2S/Na2SO3 300 W Xe 12.1 (420 nm) 16.8 [9] 

Bi/Bi2MoO6-MoS2 5 vol% triethanol amine 150 W Xe 15.8 (＞420 nm) 2.185 [10] 

BSxBWO 10 vol% triethanol amine 250 W Xe N/A 0.92 [11] 

Bi2S3/TiO2 50 vol% methanol 300 W Xe N/A 2.46 [12] 

CdS/Bi2S3 Na2S/Na2SO3 300 W Xe N/A 0.54 [13] 

Bi/ZCS Na2S/Na2SO3 300 W Xe 31.5 (420 nm) 109 [14] 

Bi2O3/BiVO4 Na2S/Na2SO3 Visible light N/A 0.171 [15] 

Bi/Bi5O7I/Sn3O4 20 vol% methanol 300 W Xe N/A 0.326 [16] 

Bi5O7Br/Ti3C2 40 vol% methanol 300 W Xe N/A 0.079 [17] 

Ag/S-Bi2O3 Na2S/Na2SO3 300 W Xe 8.67 (420 nm) 7.52 
This 

work 
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