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Figure S1. FTIR spectra of pure 4NPN and with PbBr2 mixture.

Figure S2. XRD patterns of perovskite films with and without 4NPN.
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Figure S3. Cross-section SEM images of PSCs.

Figure S4. PCE of the PSCs with different concentration 4NPN.



Figure S5. Count 20 perovskite solar cells without and with 4NPN of (a) VOC, (b) JSC, (c) FF, and (d) 

PCE.

Figure S6. UV−vis absorption spectra.

Figure S7. XPS results of I 3d core levels spectra of the pristine and adding with 4NPN perovskite 

surface.

Figure S8. The equivalent circuit model of PSCs for EIS.



Table S1. Parameters of the time-resolved photoluminescence (TRPL) spectroscopy for perovskite 

films.

Sample A1 (%) 1 (ns) A2 (%) 2 (ns) avg (ns)

Pristine 59 8.1 19.4 70.8 54.50

4NPN 16.78 48.22 96.8 232.97 226.51


