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Supplementary Figures and Tables 

 

Fig. S1 Thermogravimetric profile for BBF 
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Fig. S2 1H NMR spectra of BBF, MAI, MAI+BBF

 

Fig. S3 1H NMR spectra of BBF, FAI, FAI+BBF 

 

Fig. S4 a Full XPS spectra and b F 1s of the perovskite film without and with BBF 

additive 
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Fig. S5 1H NMR spectra of BBF, PbI2, PbI2+BBF 

 

Fig. S6 Cross-sectional SEM images of the PSCs without and with BBF additive 

 

Fig. S7 XRD pattern and (110) diffraction peaks of the perovskite films with different 

concentrations of BBF additives 
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Fig. S8 ToF-SIMS depth profile of the BBF-perovskite film

 

Fig. S9 a UV-Vis absorption spectra and b Tauc plots of the perovskite films without 

and with 1.5 mg/ml BBF additive 

 

Fig. S10 a, b Valence band edges and cutoff regions of UPS spectra and c, d energy 

level diagrams for the perovskite films without and with BBF additive 
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Fig. S11 Reverse and forward J-V curves of the PSCs a without and b with BBF 

additive 

 

Fig. S12 Box charts of a PCE, b VOC, c FF and d JSC of the PSCs (30 samples) with 

different concentrations of BBF additives 

Table S1 Fitting parameters of the TRPL spectra for perovskite films with different 

concentrations of BBF additives 

BBF (mg/mL) τave (ns) τ1 (ns) A1 (%) τ2 (ns) A2 (%) 

0 242.63 248.25 96.98 62.42 3.02 

0.5 401.33 464.05 78.04 178.83 21.96 

1.0 521.72 569.74 89.32 120.76 10.68 

1.5 676.66 794.73 82.16 132.34 17.84 

2.0 634.75 712.16 84.91 199.71 15.09 
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Table S2 Fitting parameters of the TRPL spectra for Glass/perovskite/Spiro-OMeTAD 

devices with different concentrations of BBF additives 

BBF (mg/ml) τave (ns) τ1 (ns) A1 (%) τ2 (ns) A2 (%) 

0 184.61 325.02 52.85 27.21 47.15 

0.5 179.47 305.51 54.28 29.83 45.72 

1.0 163.84 309.61 49.61 20.19 50.39 

1.5 97.15 148.92 43.81 5.68 56.19 

2.0 142.32 248.96 50.80 32.2 49.20 

Table S3 Photovoltaic parameters of the PSCs without and with 1.5mg/mL BBF 

additive scan in different directions 

Table S4 EIS fitting parameters for the PSCs without and with BBF additive 

Device Rs (Ω) Rtr (kΩ) Rrec (kΩ) Crec (F) Ctr (F) τrec (μs) 

w/o 50.43 0.58 5.10 3.38×10-8 1.21×10-8 17.24 

w 36.45 0.36 16.16 7.53×10-8 9.75×10-9 121.62 

 

Device Direction VOC (V) JSC (mA/cm2) FF  PCE (%) 
Hysteresis 

Index (%) 

w/o 

Reverse 1.09 25.21 0.77 21.21 

12.1 

Forward 1.03 25.20 0.72 18.65 

w 

Reverse 1.12 25.32 0.81 22.97 

2.4 

Forward 1.10 25.26 0.81 22.41 
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