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Study on the recrystallization preparation and photo-

catalytic performance of Cs;Bi,Br, I,_ . nanocrystals
LIU Zhaolei, YAN Peijian, KONG Xiangjin

(School of Chemistry and Chemical Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract Photocatalytic CO, reduction has attracted considerable attention due to its dual benefits of miti-
gating the greenhouse effect and producing clean fuels. The key to promoting the application of this tech-
nology lies in developing efficient and low-cost photocatalysts. Cs;Bi; I, is a low-toxicity and stable lead-
free perovskite, but its valence band holes have a relatively weak driving force for water oxidation, resul-
ting in low photocatalytic activity. In this study, a series of Cs;Bi;Br,I,_, (x =0, 3, 4.5, 9) nanocrystals
catalysts were prepared by ligand-assisted recrystallization. The introduction of Br shifted the valence band
of the catalysts downward, enhancing the thermodynamics driving force for water oxidation and promoting
the separation of photogenerated carriers. The catalytic results indicated that the optimal CO production
rate of Cs;Bi;Br;I; nanocrystals was 70 pmol/g, which was more than 3. 3 times higher than that of

Cs;Biy I, (21 pmol/g). Isotope-labeling experiments confirmed that the produced CO and O, originates
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from CO, reduction the oxidation of H,O, respectively. In-situ diffuse reflectance infrared Fourier trans-
form spectra analysis revealed that CO, was first adsorbed at the unsaturated Bi sites of Cs;Bi,Br;I;. The
adsorbed CO; then underwent proton-coupled electron transfer to form *COOH, which was further con-
verted via proton-coupled electron transfer and dehydration reaction into adsorbed *CO. finally *CO was de-
sorbed as gaseous CO.

Keywords photocatalysis; CO, reduction; lead-free metal halide perovskite; recrystallization method
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Fig. 1 Scheme of preparation of Bi based lead-free perovskite catalysts
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Tab. 1 Multiexponential fitting results parameters for the decay of photoluminescence lifetime (excitation wavelength: 440 nm)
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Fig. 7 Activity testing, control experiment and stability test of photocatalytic CO, reduction over samples
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Tab. 2 Comparision of the halide perovskite based photocatalysts for CO, reduction performances under similar light irradiation
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Fig. 8 DRIFTS spectra and schematic illustration of the reaction pathway for CO, reduction catalyzed by Cs; Bi, Br; I,
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