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Figure S1. The 1H nuclear magnetic resonance (NMR) spectra of Ph-azo-PhAmi in 

DMSO-d6.

Figure S2. The SEM surface images of the perovskite film with (a) 0, (b) 0.05, (c) 0.1 

and (d) 0.2 mg/mL Ph-azo-PhAmi.



Figure S3. The morphological changes of perovskite films during annealing.

Figure S4. (a) The intensity and peak width at half height for the (110) peak of the 

perovskite. (b) The intensity ratio of (110)/(310) peak of the perovskite with different 

concentration of Ph-azo-PhAmi (0, 0.05, 0.1, 0.2 mg/mL).

Figure S5. The J-V curves of the PSCs with different concentration of Ph-azo-PhAmi 

(0, 0.05, 0.1, 0.2 mg/mL).



Figure S6. The IPCE spectra of the PSCs without and with 0.1 mg/mL Ph-azo-PhAmi.

Figure S7. (a) The SCLC curves of electron-only PSCs (without and with Ph-azo-

PhAmi) with the structure of FTO/PEDOT:PSS/MAPbI3/spiro-OMeTAD/Ag.

Figure S8. The morphology photographs for the perovskite films without and with 

Ph-azo-PhAmi under dark and humid air condition (in room temperature and RH: 65-

75%) for 300 h without stress.



Figure S9. The light stability of devices without and with Ph-azo-PhAmi under 

continuous light soaking 100 mW/cm2 for 500 h at room temperature (RH: 30±5%).

Table S1. Summary of PSCs fabricated in open air with different dye additives in 

literature.
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Table S2. The fitting results of the TRPL and EIS measurements of perovskite films 

with and without Ph-azo-Ph.

Samples A1 (cnts) τ1 (ns) A2 (cnts) τ2 (ns) τave Rs Rct

without Ph-azo-PhAmi 437.83 4.63 292.44 67.716 61.85 2.04 4130

with Ph-azo-PhAmi 337.77 141.28 237.03 6.32 137.22 0.36 6460
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