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Figure S1. Normalized PL spectra of a) A2PbBr4 and b) A2PbI4 2D RP perovskites for different 
cations A.  
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Figure S2. Absorption spectra of A2PbBr4 perovskites before and after 120 min 1 Sun illumination in 
ambient (~60% RH) for different cations A. 

 

Figure S3. XRD patterns of A2PbBr4 perovskites before and after 120 min 1 Sun illumination in 
ambient (~60% RH) for different cations A. 
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Figure S4. FTIR spectra of A2PbBr4 perovskites before and after 120 min 1 Sun illumination in 
ambient (~60% RH) for different cations A. 

 

Figure S5. Absorption spectra of A2PbI4 perovskites before and after 120 min 1 Sun illumination in 
ambient (~60% RH) for different cations A. 



 

4 

 

Figure S6. XRD patterns of A2PbI4 perovskites before and after 120 min 1 Sun illumination in 
ambient (~60% RH) for different cations A. 

 

Figure S7. FTIR spectra of A2PbI4 perovskites before and after 120 min 1 Sun illumination in 
ambient (~60% RH) for different cations A. 

 

Figure S8. SEM images of cross section of A2PbBr4 perovskite films on ITO glass substrates. 
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Figure S9. SEM images of cross section of A2PbI4 perovskite films on ITO glass substrates. 

 

 

Figure S10. Absorption spectra of a) annealed BZA2PbI4 b) annealed PEA2PbI4 c) vacuum BZA2PbI4 

d) vacuum PEA2PbI4 for different illumination times in ambient air. 
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Figure S11. PL spectra of perovskite film with different thickness (thin denotes films prepared from 
0.2M solution, and thick denotes films prepared from 0.4M solution) and treatment for a) BZA2PbI4 

b) PEA2PbI4; Normalized PL spectra of perovskite film with different thickness and treatment for a) 
BZA2PbI4 b) PEA2PbI4. 

 

 

 



 

7 

 

 

Figure S12. TRPL traces measured for different excitation wavelengths for a) BZA2PbI4 b) 
PEA2PbI4. 

 
Figure S13. Estimated lower bounds on the deprotonation and organic spacer vacancy formation 
energies for BZA2PbI4 and PEA2PbI4. 
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Table S1. Thickness of different A2PbBr4 and A2PbI4 films prepared from 0.2M solutions estimated 
from cross section SEM images shown in Figures S8 and S9. The average values and standard 
deviations were calculated from measurements at six points. 
 

Perovskites 
(A2PbBr4) Thickness (nm) Perovskites 

(A2PbI4) 
Thickness 

(nm) 

BA 46.4±7.5 BA 104.8±13.7 

BZA 49.7±8.7 BZA 110.4±8.7 

TMA 52.3±9.0 TMA 114.4±22.4 

HA 56.7±4.0 HA 102.0±12.0 

PEA 50.8±4.0 PEA 103.2±11.0 

TEA 50.7±6.5 TEA 100.9±10.4 

CHMA 52.8±7.6 CHMA 99.0±12.3 

FPEA 50.2±6.7 FPEA 98.7±8.0 
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Table S2. Quantitative characteristics of light-emitting properties PEA2PbI4 and BZA2PbI4 samples 
under exposure to laser radiation with different wavelengths and fluences  

Sample PLmax (nm) PLFWHM (nm) <τ> (ns) ΔI[a] kq (s-1)[b] 

PEA2PbI4 before exposure 517.1±0.05 14.8±0.05 0.362±0.005 - - 

Exposure at 360 nm 

PEA2PbI4 after exposure @1 μW 516.2±0.05 15.32±0.05 0.35±0.007 0.65±0.01 3.4×10-4 

PEA2PbI4 after exposure @10 μW 515.1±0.05 14.94±0.05 0.419±0.005 0.17±0.02 1.4×10-3 

PEA2PbI4 after exposure @75 μW 514.5±0.05 14±0.05 0.401±0.01 0.94±0.03 1.0×10-4 

Exposure at 390 nm 

PEA2PbI4 after exposure @1 μW 515.75±0.05 14.5±0.05 0.313±0.004 0.94±0.03 2.1×10-5 

PEA2PbI4 after exposure @10 μW 514.9±0.05 14.5±0.05 0.33±0.009 0.42±0.01 6.3×10-4 

PEA2PbI4 after exposure @75 μW 514.9±0.05 14.5±0.05 0.403±0.009 0.87±0.05 1.7×10-4 

Exposure at 430 nm 

PEA2PbI4 after exposure @1 μW 516.6±0.05 14±0.05 0.33±0.006 0.92±0.03 1.8×10-5 

PEA2PbI4 after exposure @10 μW 515.3±0.05 14.8±0.05 0.339±0.008 0.7±0.08 2.0×10-4 

PEA2PbI4 after exposure @75 μW 513.6±0.05 14.8±0.05 0.463±0.011 0.43±0.09 8.0×10-4 

 

BZA2PbI4 before exposure 520.8±0.05 17.45±0.05 0.39±0.005 - - 

Exposure at 360 nm 

BZA2PbI4 after exposure @ 1 μW 520.5±0.1 16.14±0.15 0.34±0.002 0.19±0.002 9.1×10-4 

BZA2PbI4 after exposure @ 10 μW 520.8±0.5 16.3±0.5 0.34±0.003 0.05±0.005 2.2×10-3 

BZA2PbI4 after exposure @ 75 μW 520.4±0.3 16.8±0.7 0.34±0.005 0.032±0.005 3.9×10-3 

Exposure at 390 nm 

BZA2PbI4 after exposure @ 1 μW 521.1±0.05 20.4±0.05 0.30±0.004 0.51±0.01 3.7×10-4 

BZA2PbI4 after exposure @ 10 μW 522.2±0.1 20.9±0.25 0.31±0.003 0.16±0.005 9.7×10-4 

BZA2PbI4 after exposure @ 75 μW 521.8±0.3 18.3±0.5 0.32±0.003 0.042±0.001 1.7×10-3 

Exposure at 430 nm 

BZA2PbI4 after exposure @ 1 μW 521.5±0.05 18.3±0.05 0.30±0.007 0.66±0.02 2.4×10-4 

BZA2PbI4 after exposure @ 10 μW 521.2±0.05 18.6±0.07 0.29±0.005 0.35±0.01 5.7×10-4 

BZA2PbI4 after exposure @ 75 μW 521±0.2 19±0.45 0.30±0.005 0.072±0.005 1.3×10-3 

 [a]the ratio of PL intensities after and before exposure 
[b]amplitude-averaged quenching rate estimated from multiexponential fit of kinetic curves provided in 
Figure 5 and Figure 6. 


