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Figure S1. Cross-sectional view SEM images of perovskite films with various PEAI concentrations. 

After the addition of PEAI, perovskite grains grew into squares under the effect of 

surface restrained. With the concentration of PEAI increases, the aspect ratio of grains 

gradually decreases. And the grains will be stacked due to the excessive nucleation 

amount when the concentration of PEAI is too much. 

 

Figure S2. Average grain size (a) and coverage (b) of perovskite with different PEAI concentra-

tions. 

 

Figure S3. Correlation of grain aspect ratio and PEAI concentration. 



 

Figure S4. (a) The wavelength and intensity of the MAPbBr3 emission peak at different PEAI con-

centrations. (b) Perovskite bandgap energy at different PEAI concentrations. 

 

Figure S5. Schematic diagram of perovskite growth in precursor solution containing PEAI at different stages. 

During the process of nucleation and early growth of perovskite, since the concen-

tration of Br is much higher than I in the solution and Pb-Br bond is stronger than Pb-I 

bond [1−3], [PbBr6]4− will be formed in solution rather than [PbBr6−xIx]4−. Therefore, MAP-

bBr3 perovskite first nucleates and grows in solution. In the late stage of perovskite 

growth, [PbBr6−xIx]4− begins to form in solution due to the decrease of Br concentration. 

Thus, MAPbBr3−xIx epitaxy grows on MAPbBr3. 



 

Figure S6. (a–f) Microscopic image of perovskite films with different standing times (The samples 

are only spin-coated for 5 s). (g) Microscopic image of the perovskite film prepared by spin-coated 

for 60 s. The scale bar is 50 μm. 

Table S1. Grain size of the perovskite at various PEAI concentrations. 

 
Min 

(μm)  

Main 

(μm) 

Max 

(μm) 

Average 

(μm) 

Range 

(μm) 

0 mol/L 7.54 10.45 29.65 12.96 22.15 

0.05 mol/L 1.50 3.25 5.18 3.41 3.68 

0.10 mol/L 1.13 2.05 3.06 1.93 1.93 

0.15 mol/L 0.87 1.65 2.63 1.56 1.76 

0.20 mol/L 0.77 1.35 2.41 1.44 1.64 

0.30 mol/L 0.41 0.89 1.77 0.98 1.36 
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