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Supplementary Figures and Tables 

 

Fig. S1 Chemical formula of different imidazole-based ionic liquid 

 

Fig. S2 3D reconstructed images of PbI3
-, I-, Br-, BF4

-, TiO2
-, SnO2

- and N- in 

CsPbI2Br/BMMIMBF4 perovskite film as obtained from the TOF-SIMS analysis 
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Fig. S3 PL spectra of CsPbI2Br film, CsPbI2Br/BMMIMBF4 film, CsPbI2Br-Spiro 

film and CsPbI2Br/BMMIMBF4/Spiro film 

 

 

Fig. S4 UPS spectra of (a, b) CsPbI2Br film. c) Energy level diagrams for the 

CsPbI2Br film. d) Cyclic voltammograms spectra for the BMMIMBF4. (e) Schematic 

energy level alignment of CsPbI2Br film and BMMIMBF4 
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Fig. S5 J-V curves of the FTO/TiO2/Perovskite/Au and 

FTO/TiO2/Perovskite(BMMIMBF4)/Au devices 

 

 

Fig. S6 1H NMR and 11B NMR of BMMIMBF4 solution with or without PbI2 additive 
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Fig. S7 1H NMR and 11B NMR of BMMIMBF4 solution with or without CsI additive 

 

Fig. S8 (a) J-V curves of the CsPbI2Br PSCs with different concentrations of IILs 

treatment. (b) XRD patterns, (c) UV-vis absorption spectra, (d) PL and (e) TRPL 

spectra of CsPbI2Br perovskite films with different concentrations of BMMIMBF4 

treatment 
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Fig. S9 Box charts of (a) Voc, (b) FF, (c) Jsc of the PSCs (50 samples) with 

BMMIMBF4 treatment 

 

Fig. S10 UV-vis absorption spectra of CsPbI2Br film with different anion-based IILs 

treatment 

Table S1 Fitting parameters of the TRPL spectra for the CsPbI2Br films with different 

cation-based IILs treatment 

Samples A1 (%) τ1 (ns) A2 (%) τ2 (ns) τave (ns) 

Control 35.76 16.54 64.24 7.87 12.54 

BMIMBF4 63.58 1.81 36.42 4.75 3.58 

BMMIMBF4 28.52 5.05 71.48 2.16 3.56 

PMIMBF4 49.57 7.06 50.43 2.64 5.84 

HMIMBF4 56.78 3.60 43.22 7.69 6.13 

HMMIMBF4 48.54 3.79 51.46 10.37 8.68 
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Table S2 FTIR wavenumber positions of different chemical bonds of BMMIMBF4 

with or without PbI2 or CsI additive 

Samples C=C (cm-1) C-N (cm-1) C=N (cm-1) B-F (cm-1) C-H (cm-1) 

BMMIMBF4 1539 1252 1466 1056 757 

PbI2+BMMIMBF4 1536 1240 1457 1025 747 

CsI+BMMIMBF4 1538 1251 1467 1039 757 

Table S3 NMR Relative chemical shift of BMMIMBF4 with or without PbI2 additive 

Samples 

Hb 

(pp

m) 

Hc 

(pp

m) 

He 

(pp

m) 

Hd 

(pp

m) 

Ha 

(pp

m) 

Hf 

(pp

m) 

Hg 

(pp

m) 

Hh 

(pp

m) 

F 

(pp

m) 

B 

(pp

m) 

BMMIMBF4 
7.0

7 

7.0

4 

4.2

5 

3.9

6 

3.0

3 

2.3

1 

1.9

9 

1.6

9 

-138

.6 

-2.2

5 

PbI2+BMMI

MBF4 

7.0

6 

7.0

3 

4.2

4 

3.9

5 

3.0

2 

2.2

9 

1.9

7 

1.6

6 

-138

.5 

-1.8

3 

Relative 

chemical 

shift 

0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.1 0.42 

Table S4 NMR Relative chemical shift of BMMIMBF4 with or without CsI additive 

Samples 

Hb 

(pp

m) 

Hc 

(pp

m) 

He 

(pp

m) 

Hd 

(pp

m) 

Ha 

(pp

m) 

Hf 

(pp

m) 

Hg 

(pp

m) 

Hh 

(pp

m) 

F 

(ppm) 

B 

(pp

m) 

BMMIMBF4 
7.6

2 

7.5

6 

4.0

6 

3.7

0 

2.5

3 

1.6

3 

1.2

3 

0.8

4 

-148.

25 

-1.7

9 

CsI+BMMI

MBF4 

7.5

9 

7.5

8 

4.0

7 

3.7

1 

2.5

5 

1.6

4 

1.2

4 

0.8

5 

-147.

73 

-2.2

9 

Relative 

chemical 

shift 

0.03 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.42 0.50 
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Table S5 Summary of the photovoltaic parameters of the CsPbI2Br PSCs with 

different concentrations of BMMIMBF4 treatment 

BMMIMBF4 
Voc 

(V) 

Jsc 

(mA/cm2) 

FF 

(%) 
PCE (%) 

Control 1.27 15.62 76.74 15.25 

0.01 wt% 1.27 15.75 78.72 15.77 

0.02 wt% 1.29 15.74 78.78 16.01 

0.03 wt% 1.29 15.91 80.48 16.47 

0.04 wt% 1.27 15.77 78.53 15.73 

Table S6 Fitting parameters of the TRPL spectra for the CsPbI2Br films with different 

concentrations of BMMIMBF4 treatment 

Samples A1 (%) τ1 (ns) A2 (%) τ2 (ns) τave (ns) 

Control 61.41 22.76 38.59 7.14 20.19 

0.01 wt% 87.70 4.46 12.30 11.7 6.42 

0.02 wt% 30.39 8.92 69.61 3.52 6.36 

0.03 wt% 11.57 9.35 88.43 3.57 5.04 

0.04 wt% 88.85 2.52 11.15 7.22 3.76 

Table S7 EIS fitting parameters for the CsPbI2Br and CsPbI2Br/BMMIMBF4 PSCs 

Samples Rs (Ω) Rtr (Ω) Ctr (F) Rrec (kΩ) Crec (F) 

Control 2.87 754.7 1.10×10-7 2.35 1.10×10-7 

BMMIMBF4 2.43 493.9 1.46×10-7 6.89 7.44×10-7 
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Table S8 EIS fitting parameters for the CsPbI2Br PSCs with different anion-based 

IILs treatment 

Samples Rs (Ω) Rtr (Ω) Ctr (F) Rrec (kΩ) Crec (F) 

Control 2.87 754.7 1.10×10-7 2.35 1.10×10-7 

BMMIMBF4 2.43 493.9 1.46×10-7 6.89 7.44×10-7 

BMMIMCl 3.03 715.4 1.28×10-7 3.68 2.79×10-7 

BMMIMPF6 2.12 852.2 1.06×10-7 3.06 2.11×10-7 

BMIMBr 5.29 903.4 1.04×10-7 2.62 1.76×10-7 

BMIMI 3.89 887.6 1.05×10-7 2.89 2.76×10-7 

Table S9 Fitting parameters of the TRPL spectra for the CsPbI2Br films with different 

anion-based IILs treatment 

Samples A1 (%) τ1 (ns) A2 (%) τ2 (ns) τave (ns) 

Control 35.76 16.54 64.24 7.87 12.54 

BMMIMBF4 47.00 6.58 53.00 2.38 5.36 

BMMIMCl 48.24 7.41 51.76 3.14 6.07 

BMMIMPF6 51.36 8.30 48.64 2.68 6.98 

BMIMBr 44.62 7.00 55.38 3.19 5.6 

BMIMI 49.06 7.20 50.94 2.64 5.9 
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