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Figure S1 Surface SEM image (a), cross-section SEM image (b) and XRD pattern (c) 

of perovskite sample fabricated by dropping 5 mg/mL BAI solution in CB/1 vol% 

DMSO on top of CsPbI2Br film before spinning at 4000 r for 30 s.



Figure S2 (a)XRD pattern of BAI powder. (b)XRD pattern of BA2CsPb2I6Br film. 

Inset shows the optical photograph. (The film was deposited by spin-coating a 0.4 M 

4:1 volume ratio DMF/DMSO solution containing BAI/CsI/PbI2/PbBr2 with the ratio 

of 2:1:1.5:0.5)



Figure S3 Cross section SEM images of CsPbI2Br sample modified with different 

concentration of BAI: (a) pure CsPbI2Br, (b) 1 mg, (c) 3 mg and (d) 5 mg.



Figure S4 Normalized XPS spectra of Cs 3d (a), I 3d (b), Br 3d (c) and C 1s (d) core 

levels.



Figure S5 UV-Vis absorption spectrum of BA2CsPb2I6Br film (a) and bandgap of 

BA2CsPb2I6Br (b) and CsPbI2Br (c) calculated from UV-Vis reflection spectrum. 



Figure S6 TRPL decay curves of pure CsPbI2Br and 1, 3, 5, 7 mg BAI treated 

CsPbI2Br films based on FTO/perovskite/HTM structure.



Figure S7 XRD pattern of (a)3 mg BAI treated CsPbI2Br film and (b) BA2CsPb2I6Br 

film as-prepared and heated at 85 °C for 10 hours in a N2-filled glovebox.



Table S1 TRPL characterization of different perovskite films based on 

FTO/perovskite/HTM structure 

w/o 1 mg 3 mg 5 mg 7 mg

 (ns)𝜏1 0.54 0.42 0.30 1.28 1.76

 (ns)𝜏2 3.42 2.90 2.68 11.18 14.17

Average τ (ns) 1.72 1.66 1.31 9.66 12.62



Table S2 Summary of device configurations and PCEs of CsPbI2Br perovskite solar 

cells previously reported

Device configuration PCE (%) Reference

FTO/c-TiO2-PCBM/CsPbI2Br(2D 

modified)/spiro/Au

14.5 This work

FTO/c-TiO2/CsPbI2Br/P3HT/Au 7.7 [1]

FTO/c-TiO2/mp-TiO2/CsPb0.98Sr0.02I2Br/P3HT/Au 11.2 [2]

FTO/c-TiO2/CsPbI2Br/spiro/Ag 9.8 [3]

ITO/Ca/C60/CsPbI2Br/TAPC/TAPC:MoO3/Ag 11.8 [4]

FTO/c-TiO2/Cs0.925K0.075PbI2Br/spiro/Ag 10.0 [5]

ITO/c-TiO2/CsPbI2Br/spiro/Ag 10.3 [6]

ITO/c-TiO2/CsPbI2Br/P3HT/Au 12.02 [7]

FTO/c-TiO2/CsPbI2Br(3D-2D-0D)/PTAA/Au 12.39 [8]

FTO/NiOx/CsPbI2Br/ZnO-C60/Ag 13.3 [9]

FTO/NiMgLiO/CsPbI2Br/PCBM/BCP/Ag 9.14 [10]

FTO/c-TiO2/CsPbI2Br/CsPbI3 QDs/PTAA/Au 14.4 [11]

ITO/NiOx/CsPbI2Br/C60/BCP/Ag 10.4 [12]

FTO/c-TiO2/mp-TiO2/CsPbI2Br/spiro/Au 12 [13]

ITO/SnO2/ZnO/CsPbI2Br/MoO3/Ag 14.6 [14]

FTO/c-TiO2/CsPbI2Br/carbon 10 [15]

FTO/c-TiO2/CsPbI2Br/FA+ QDs/PTAA/Au 14.81 [16]

FTO/c-TiO2/CsPbI2Br/spiro/Ag 12.6 [17]

FTO/SnO2/CsPbI2Br/spiro/Ag 12.34 [18]

ITO/c-TiO2/CsPbI2Br/spiro/Au 16.07 [19]

FTO/c-TiO2/mp-TiO2/CsPb0.95Eu0.05I2Br/spiro/Au 13.71 [20]

ITO/SnO2-PN4N/CsPbI2Br/PDCBT/MoO3/Ag 16.2 [21]

FTO/c-TiO2/mp-TiO2/BaI:CsPbI2Br/P3HT/Au 14.85 [22]
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