
Supporting information  

 

Direct Z-Scheme Heterojunction of Semicoherent FAPbBr3/Bi2WO6 

Interface for Photoredox Reaction with Large Driving Force 

 

Haowei Huang,† Jiwu Zhao,‡ Yijie Du,♯ Chen Zhou,⁋ Menglong Zhang,§ Zhuan Wang,♯ Yuxiang Weng,♯ 

Jinlin Long,‡* Johan Hofkens,‖ Julian A. Steele,†* and Maarten B. J. Roeffaers†* 

 

† cMACS, Department of Microbial and Molecular Systems, KU Leuven, Celestijnenlaan 200F, 3001 

Leuven, Belgium 

‡ State Key Laboratory of Photocatalysis on Energy and Environment, Fuzhou University, Fuzhou 

350002, China 

♯ Laboratory of Soft Matter and Biophysics, Institute of Physics, Chinese Academy of Sciences, Beijing 

100190, China 

⁋ College of Chemical Engineering, Fuzhou University, Fuzhou 350002, China 

§ Institute of Semiconductors, South China Normal University, Guangzhou, 510631 China 

‖ Department of Chemistry, KU Leuven, Celestijnenlaan 200F, 3001 Heverlee, Belgium; Max Planck 

Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany 

Email: jllong@fzu.edu.cn, julian.steele@kuleuven.be, maarten.roeffaers@kuleuven.be 

 

 

 

 

 

 

 

 

 

 

 



 

Supporting Figures  

 

 

 

 

Figure S1. XRD patterns of FAPbBr3, Bi2WO6 and 12.5% FAPbBr3/Bi2WO6(FA/Bi). 

 

 

 

 

Figure S2. SEM patterns of (A) Bi2WO6, (B) FAPbBr3, (C) and (D)12.5% FAPbBr3/Bi2WO6 



 

 

 

 

Figure S3. N2 adsorption-desorption isotherms of of Bi2WO6, FAPbBr3, and 12.5% 

FAPbBr3/Bi2WO6(FA/Bi). 

 

 

 

 

 

 

 

 



 

Figure S4. AFM micrograph of Bi2WO6, and the corresponding height profiles. 

 

 



 

Figure S5. Elemental mapping pattern of the 12.5% FAPbBr3/Bi2WO6 photocatalyst. Based on the EDX 

element mapping pattern, we further confirm the distribution relationship and intimate contact of these 

two components. 

 

 

 



 

Figure S6. TEM and HRTEM pattern of Bi2WO6. 

 

 

 

 

Figure S7. TEM and HRTEM pattern of FAPbBr3. 

 

 



 

Figure S8. XPS spectra of N 1s, Br 3d and Pb 4f and in FAPbBr3 and 12.5% FAPbBr3/Bi2WO6 and O1s, 

W4f and Bi4f in Bi2WO6 and 12.5% FAPbBr3/Bi2WO6. 

 

 

 

 



 

 

 

Figure S9. FTIR spectra of Bi2WO6, FAPbBr3  and 12.5% FAPbBr3/Bi2WO6. 

 

 

 

 

Figure S10. Results of GC-MS analysis of the CO generated from 13CO2 isotope experiment. 

 

 

 

 

 



 

 

 

Figure S11. Mass spectra of benzyl alcohol and benzaldehyde.  

 

 

 

 

Figure S12. DMPO-trapped superoxide radical of 12.5% FAPbBr3/Bi2WO6 in CO2 flashed 

trifluorotoluene. 

 



 

Figure S13. Recycle test for 12.5% FAPbBr3/Bi2WO6. Reaction conditions: benzyl alcohol (0.1 mmol), 

photocatalysts (0.01 g), solvent of trifluorotoluene (2.5 mL) saturated with CO2, AM1.5G simulated light 

irradiation, 100mW/cm2, irradiation time (4 h). The stability of this Z-scheme photocatalyst was validated 

during a recycling test where the 12.5 wt% FAPbBr3/Bi2WO6 during five consecutive reaction cycles (20h 

in total) showed less than 20 % activity loss. This loss in activity is linked to the decomposition of the 

FAPbBr3 exposed to the generated BD, water and light irradiation.1,2 The XRD is employed for the used 

FAPbBr3/Bi2WO6 samples. (Figure S13). We remain optimistic that the design of future photocatalyst cells 

will ultimately resolve this problem via all-inorganic perovskite Z scheme photocatalyst such as 

CsPbBr3/Bi2WO6, the use of microflow reactor and/or perovskite surface passivating molecules. 

 

 

Figure S14. XRD pattern of 12.5% FAPbBr3/Bi2WO6 after 5 cycle reaction (20h). no any new peak will 

appearance in the XRD pattern, but the intensity of the peaks belonging to FAPbBr3 is weaker. 

 

 

 



 

Figure S15. The DFT calculated potential energy diagram of benzyl alcohol oxidation on Bi2WO6. 

 

Figure S16. Steps are crucial to determining the reaction pathway(A) and selectivity(B) to CO for 

FAPbBr3/Bi2WO6. 

 

 

 

 

 

 

 

 

 

 

 



Tables  

Table S1 BET surface area of Bi2WO6, FAPbBr3 and 12.5% FAPbBr3/Bi2WO6. 

Sample  BET surface area (m2/g) 

Bi2WO6 25.4 

FAPbBr3 2.7 

12.5% FAPbBr3/Bi2WO6 22.3 

 

Table S2. The fit results of fs-ps IR kinetic traces of Bi2WO6, FAPbBr3  and 12.5% FAPbBr3/Bi2WO6 at 

2090 cm-1 excited by 470 nm pump light. 

Sample  A1/τ1(ps) A2/τ2(ps) 

Bi2WO6 - - 

FAPbBr3 0.55/4.4 0.45/48.2 

FAPbBr3/Bi2WO6 0.81/16.6 0.3/144.6 

 

Table S3. The fit results of the raising phase in fs-ps IR kinetic traces of Bi2WO6, FAPbBr3  and 12.5% 

FAPbBr3/Bi2WO6 at 2090 cm-1 excited by 360 and 470 nm pump light. Here ‘*’ indicates the injection 

process if too fast to be resolved reliably.  

Sample  τrise (360nm) τrise (470nm) 

Bi2WO6 * NA 

FAPbBr3 0.17 0.07 ps 

FAPbBr3/Bi2WO6 0.12 0.8 ps 

 

Table S4. The fit results of fs-ps IR kinetic traces of Bi2WO6, FAPbBr3  and 12.5% FAPbBr3/Bi2WO6 at 

2090 cm-1 excited by 360 nm pump light. 

Sample  A1/τ1(ps) A2/τ2(ps) A3/τ3(ns) 

Bi2WO6 0.000474/3.45 0.000227/95.2 -/>3  

FAPbBr3 0.008175/3.39 0.004996/34.3 -/>3  

FAPbBr3/Bi2WO6 0.000731/3.44 0.000281/66.6 -/>3  

 

Table S5. The fit results of ns-μs IR kinetic traces of Bi2WO6, FAPbBr3  and 12.5% FAPbBr3/Bi2WO6 at 

2090 cm-1 excited by 360 nm pump light. 

Sample  A1/τ1(μs) A2/τ2(μs) A3/τ3(ms) 

Bi2WO6 - 0.579/34.0 0.424/1.07 

FAPbBr3 - - 0.799/1.53 

FAPbBr3/Bi2WO6 0.106/5.9 0.249/47.0 0.663/1.99 

 

 

 



Table S6. The amount of CO and benzaldehyde generation in different conditions. 

Sample  CO evolution rate 

(μmol/g/h) 

Benzaldehyde 

(μmol/g/h) 

Reaction condition 

FAPbBr3 12 18 AM1.5 filter, 

100mW/cm2, CO2, 

benzyl alcohol  

FAPbBr3 10 16 AM1.5 filter, 

100mW/cm2, Ar, benzyl 

alcohol 

FAPbBr3 <5 <5 CO2, benzyl alcohol, 

without light, 

FAPbBr3 11 <5 AM1.5 filter, 

100mW/cm2, Ar, no 

benzyl alcohol  

Bi2WO6 <5 63 AM1.5 filter, 

100mW/cm2, CO2, 

benzyl alcohol 

FAPbBr3/Bi2WO6 170 250 AM1.5 filter, 

100mW/cm2, CO2, 

benzyl alcohol 

FAPbBr3/Bi2WO6 <5 <5 CO2, benzyl alcohol, 

without light 

FAPbBr3/Bi2WO6 13 <5 AM1.5 filter, 

100mW/cm2, Ar, no 

benzyl alcohol 

FAPbBr3/Bi2WO6 15 <5 AM1.5 filter, 

100mW/cm2, CO2, no 

benzyl alcohol 

FAPbBr3/Bi2WO6 12 130 AM1.5 filter, 

100mW/cm2, Ar, benzyl 

alcohol 

FAPbBr3/Bi2WO6 - 580 AM1.5 filter, 

100mW/cm2, O2, benzyl 

alcohol 

 

 

 

 

 

 

 

 

 



Table S7. Photocatalytic reduction CO2 to fuels over various photocatalysts under different experimental 

conditions. 

Sample Production(production rate 

(μmol/g/h)) 

Reaction condition Reference  

FAPbBr3/Bi2WO6 CO(170) AM1.5G fliter, 

100mW/cm2 

This work 

CsPbBr3 QD CO(4.2) CH4(1.9) 100-W Xe lamp, AM 

1.5G filter 

3 

CsPbBr3 QD/GO CO(5) CH4(2.5) 100-W Xe lamp, AM 

1.5G filter 

3 

Cs2AgBiBr6 CO(2.35) CH4(1.6) AM 1.5G filter, 150 

mW/cm2 

4 

CsPb(Brx/Cl1-x)3 CO(87) CH4(12) 300 W Xe lamp.AM 

1.5G filter 

5 

CsPbBr3 QDs/UiO-

66(NH2) 

CO(8) 300 W Xe lamp, 420nm 

cut-off 

6 

CsPbBr3 NC/a-TiO2 CO(7) CH4(4) AM 1.5G filter, 150 

mW/cm2 

7 

CsPbBr3@ZIF-67 CO(1) CH4(3) AM 1.5G, 150 mW/cm2 8 

CsPbBr3 QDs/g-

C3N4 

CO(148.9) 300 W Xe lamp, 420 nm 

cut-off 

9 

CsPbBr3/ZnO/GO CO(1) CH4(6) AM 1.5G, 150 mW/cm2 10 

MAPbI3@PCN-

221(Fe0.2) 

CO(4.16) CH4(13) 300 W Xe lamp, 100 

mW/cm2 

11 

Cs2SnI6/SnS2 CH4(6.09) 150 mW/cm2, 400 nm 

filter 

12 
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