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Figure S1. Picture of the Perfect Light Labsolar-IIIAG water splitting system. 

  



 

 

 
Figure S2. (a) XPS survey, (b) C 1s, and (c) N 1s spectra of S-BiOCl. C 1s spectrum of pure BiOCl is 
also displayed in (b). 

 

 
Figure S3. (a) IR and (b) Raman spectra of commercial BiOCl and S-BiOCl. IR spectrum of thiourea 
is also displayed. 

In IR analysis, S-BiOCl retained most characteristic peaks of commercial BiOCl, in-
cluding the strongest peak at 524 cm-1 and others at 612, 670, and 840 cm-1 assigned to the 
symmetrical stretching of Bi-O in the Bi-O3 pyramid of [Bi2O2]2+ layers. The feature at 1390 
cm-1 was associated with the bonding of Bi atoms on the outer edge of the [Bi2O2]2+ layers 
with Cl atoms in the bi-halide layer [1, 2]. The new band at 1120 cm-1 was much closer to 



 

the characteristic at 1106 cm-1 caused by Bi-S vibration in Bi2S3 [3], which indicated the 
probable presence of similar Bi-S bonding in S-BiOCl. We also investigated the IR proper-
ties of thiourea, which displayed an apparent peak at 1080 cm-1. However, this band had 
a comparatively larger deviation from the 1106 cm-1 band in S-BiOCl, and it is hard to say 
whether the latter could be ascribed to NH2 rocking modes in residual thiourea. Further-
more, the distinct characteristics of thiourea at 730 and 1460 cm-1 and the series ranging 
from 2600 to 3500 cm-1 were not detected [4], indicating that thiourea was completely 
cleared away by washing. It was also confirmed that the feature at 1390 cm-1 indeed de-
rived from the Bi-Cl bond. Additionally, the hydrothermal treatment produced plenty of 
hydroxyl on the surface of S-BiOCl, which gave intensive adsorption at 1550 and 1620 cm-

1 and in the range of 3000–3500 cm-1 [2, 3]. 
In Raman spectra, the characteristic peaks at 60, 145, and 199 cm-1, representing the 

A1g external, A1g internal, and Eg internal stretching mode of BiOCl, were observed in both 
commercial and S-doped BiOCl [3, 5]. The new and apparent peak at 100 cm-1 and broad 
and continuous band (200–300 cm-1) appeared with the maximums near 240 and 267 cm-1 
of S-BiOCl, which coincided well with the strongest Ag and B1g Bi-S stretching bands of 
Bi2S3 [3, 6]. Both IR and Raman analysis showed that some similar Bi-S bonding produced 
by the S doping existed in S-BiOCl. 

 
Figure S4. (a) Low- and (b) high-magnification SEM, and (c) low- and (b) high-magnification TEM 
images of Pt-loaded S-BiOCl. HRTEM image is presented in the inset of (d). 

  



 

 
Figure S5. (a, d, g, j) Crystal structure models, (b, e, h, k) calculated band structures, and (c, f, i, l) 
calculated total and partial density of states of BiOCl (a-c) and three kinds of BiOCl2/3S1/3 (d-l). 

 
Figure S6. The schematic diagrams of calculated band structures of pure and S-doped BiOCl. 

 



 

Table S1. Summary of the catalytic oxygen evolution activity of bismuthum-based catalysts. 

Photocatalyst Light source Reaction conditions O2 evolution rate (µmol g-1 h-
1) Ref. 

S-doped BiOCl 200 W Xe lamp, 780 nm > 
λ > 420 nm 

100 mL H2O, AgNO3 (0.01 
M) 

Pt cocatalyst 
141.7 This work 

2D–2D Bi3O4Cl/BiOCl 300 W Xe lamp, λ > 400 
nm AgNO3 and FeCl3 (0.05 M) 58.6 [7] 

Bi2WO6 nanosheets 300 W Xe lamp, λ > 420 
nm 

100 mL H2O, 
AgNO3 (0.05 M) 

 
100.13 [8] 

BP/BiOBr 300 W Xe lamp, 780 nm > 
λ > 420 nm 

100 mL H2O, 
AgNO3 (1 g) 89.5 [9] 

BP/BiVO4 
300 W Xe lamp, 

(＞420 nm) AgNO3 solution 102 [10] 

Ag3PO4/h-BN-2 400 W Xe lamp, (＞420 
nm) 

AgNO3 solution 48 [11] 

BiVO4/rGO 300 W Xe lamp, (＞420 
nm) 

AgNO3 solution 107  [12] 
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