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Time-resolved charge recombination analysis upon optical excitation of 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 
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Figure S1. Results of three compartments sequential global fit to data for 600 nm thick film of 
(FAPbI3)0.97(MAPbBr3)0.03. The irradiance and SVD time constants; 4.5e10 W/cm2, 3.0 ps, 21.3 
ps, and 419.6 ps (a); 2.8e10 W/cm2, 2.5 ps, 19.4 ps, and 1304.5 ps (b); 1.8e10 W/cm2, 2.6 
ps, 21.0 ps, and 1351.9 ps (c); 1.1e10 W/cm2, 2.5 ps, 13.7 ps, and 543.2 ps (d); 7.1e9 W/cm2, 
2.5 ps, 13.0 ps, and 465.4 ps (e); 2.8e9 W/cm2, 3.4 ps, 29.8 ps, and 800.0 ps (f); 2.3e9 W/cm2, 
2.7 ps, 25.4 ps, and 927.9 ps (g); 1.9e9 W/cm2, 3.3 ps, 31.4 ps, and 1010.8 ps (h); 1.5e9 
W/cm2, 4.4 ps, 39.4 ps, and 1070.2 ps (i); 1.2e9 W/cm2, 3.2 ps, 34.9 ps, and 1085.2 ps (j); 
9.1e8 W/cm2, 7.2 ps, 61.8 ps, and 1228.2 ps (k); 2.9e8 W/cm2, 8.8 ps, 72.3 ps, and 1041.9 ps 
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(l); 1.1e8 W/cm2, 14.4 ps, 102.8 ps, and 1000.9 ps (m); 9.1e7 W/cm2, 32.1 ps, 174.3 ps, and 
12,600.0 ps (n). 

 
Figure S1.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 4.5e10 W/cm2 (flu-
ence of 11,204.5 uJ/cm2).  
 
 
 

 
 
Figure S1.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S1.1. 
 
 



 

 

 

 
 
 
Figure S1.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1a. 
 
 
 

 
 
Figure S2.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.8e10 W/cm2  
(fluence of 7073.6 uJ/cm2).  



 

 

 
Figure S2.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S2.1. 
 
 
 
 
 

 
Figure S2.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1b. 



 

 

 
Figure S3.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.8e10 W/cm2  
(fluence of 4470.5 uJ/cm2).  
 
 
 

 
 
Figure S3.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S3.1. 
 



 

 

 
Figure S3.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1c. 
 
 
 
 
 
 

 
Figure S4.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.1e10 W/cm2  
(fluence of 2829.4uJ/cm2).  



 

 

 
Figure S4.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S4.1. 
 
 
 
 
 

 
Figure S4.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1d. 



 

 

 
Figure S5.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 7.1e9 W/cm2  
(fluence of 1768.4 uJ/cm2).  
 
 
 
 

 
Figure S5.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S5.1. 



 

 

 
 
 
 
 
 
 
 
 
 

Figure S5.3. Concentration profiles for each time constant fitted to the data pre-
sented in Figure S1e. 
 
 
 
 

 
Figure S6.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.8e9 W/cm2  
(fluence of 707.4 uJ/cm2).  
 
 



 

 

 
Figure S6.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S6.1. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Figure S6.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1f. 
 
 



 

 

 
Figure S7.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.3e9 W/cm2  
(fluence of 580.0 uJ/cm2).  
 
 
 
 

 
 
Figure S7.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S7.1.).  



 

 

 
 
 
 
 
 
 
 
 
 

 
Figure S7.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1g. 



 

 

Figure S8.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.9e9 W/cm2  
(fluence of 464.0 uJ/cm2).  

 
Figure S8.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S8.1. 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S8.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1h. 

 
Figure S9.1. Difference transient absorption spectra at selected delays (ps) for a 600 
nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.5e9 W/cm2  
(fluence of 367.8 uJ/cm2).  



 

 

 
Figure S9.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S9.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S9.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1i. 
 
 



 

 

 
 
Figure S10.1. Difference transient absorption spectra at selected delays (ps) for  
a 600 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.2e9 W/cm2 
(fluence of 294.2 uJ/cm2).  
 
 
 

 
Figure S10.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S10.1. 
 



 

 

 
Figure S10.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1j. 
 
 
 

 
Figure S11.1. Difference transient absorption spectra at selected delays (ps) for  
a 600 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 9.1e8 W/cm2 
(fluence of 226.4 uJ/cm2).  
 
 



 

 

 
Figure S11.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S11.1. 
 
 
 
 

 
Figure S11.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1k. 



 

 

 
Figure S12.1. Difference transient absorption spectra at selected delays (ps) for  
a 600 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.9e8 W/cm2 
(fluence of 73.6 uJ/cm2).  
 
 
 
 
 

 
Figure S12.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S12.1. 



 

 

 
Figure S12.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1l. 
 
 
 
 
 

 
Figure S13.1. Difference transient absorption spectra at selected delays (ps) for  
a 600 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.1e8 W/cm2 
(fluence of 28.3 uJ/cm2).  



 

 

 
Figure S13.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S13.1. 
 
 
 
 
 
 

 
Figure S13.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1m. 



 

 

 
 
Figure S14.1. Difference transient absorption spectra at selected delays (ps) for  
a 600 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 9.1e7 W/cm2 
(fluence of 22.6 uJ/cm2).  
 
 
 
 

 
Figure S14.2. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S14.1. 



 

 

 
Figure S14.3. Concentration profiles for each time constant fitted to the data  
presented in Figure S1n. 
 
 
 
 
Time-resolved charge recombination analysis upon optical excitation of 300 
nm thick film of MAPbI3 
 

 
Figure S15.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 7.11e10 W/cm2 (fluence of 
17,768.8 uJ/cm2) at 539 nm.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure S15.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure S15.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S15.1. The time constants (and contribution to data) 
were: 3.8 ps (55.7%), 1.2 ps (35.2%), and 31.5 ps (9.1%). 



 

 

Figure S15.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S15.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S15.5. Concentration profiles for each time constant fitted to the data in  
Figure S15.3. 



 

 

 
Figure S16.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 4.48e10 W/cm2 (fluence of 
11,204.5 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S16.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S16.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S16.1. The time constants (and contribution to data) 
were: 3.7 ps (54.6%), 1.1 ps (37.3%), and 33.1 ps (8%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S16.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S16.1.  



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S16.5. Concentration profiles for each time constant fitted to the data in  
Figure S16.3.  
 
 
 
 
 

 
Figure S17.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 2.83e10 W/cm2 (fluence of 
7,073.6 uJ/cm2) at 539 nm.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S17.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 

 
Figure S17.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S17.1. The time constants (and contribution to data) 
were: 1.6 ps (54.3%), 1.7 ps (38.1%), and 13.8 ps (7.6%). 
 



 

 

 
Figure S17.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S17.1.  
 
 
 
 

 
 
 
 
 
 
 
 

Figure S17.5. Concentration profiles for each time constant fitted to the data in  
Figure S17.3.  



 

 

 
Figure S18.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 1.78.9e10 W/cm2 (fluence of 
4,470.5 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S18.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 



 

 

 
Figure S18.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S18.1. The time constants were: 2.8 ps, 8.4 ps, and 
321.3 ps. 16.3705      6.59951        77.03 
 
 

 
 
Figure S18.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S18.1.  
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure S18.5. Concentration profiles for each time constant fitted to the data in  
Figure S18.3.  
 
 
 
 

 
Figure S19.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 1.13e10 W/cm2 (fluence of 
2,829.4uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S19.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 
 

 
Figure S19.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S19.1. The time constants (and contribution to data) 
were: 3.8 ps (64.3%), 1.2 ps (32.0%), and 31.5 ps (3.7%).  



 

 

 
Figure S19.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S19.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S19.5. Concentration profiles for each time constant fitted to the data in  
Figure S19.3.  



 

 

 
Figure S20.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 7.10e9 W/cm2 (fluence of 
1,774.0 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S20.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S20.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S20.1. The time constants (and contribution to data) 
were: 3.8 ps (61.4%), 1.2 ps (33.8%), and 31.5 ps (4.8%).  
 
 
 
 

 
Figure S20.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S20.1.  



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S20.5. Concentration profiles for each time constant fitted to the data in  
Figure S20.2.  
 
 
 
 
 

 
Figure S21.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 2.83e9 W/cm2 (fluence of 
707.4 uJ/cm2) at 539 nm.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S21.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S21.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S21.1. The time constants (and contribution to data) 
were: 3.8 ps (67.0%), 1.2 ps (26.1%), and 31.5 ps (6.9%).  



 

 

 
Figure S21.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S21.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S21.5. Concentration profiles for each time constant fitted to the data in  
Figure S21.2.  



 

 

 
Figure S22.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 2.32 e9 W/cm2 (fluence of 
580.0 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S22.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S22.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S22.1. The time constants (and contribution to data)  
were: 3.8 ps (53.6%), 1.2 ps (39.6%), and 31.5 ps (6.8%). 
 
 

 
 
Figure S22.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S22.1.  
 
 
 



 

 

 
 
 
 
 
 
 
 
 

 
Figure S22.5. Concentration profiles for each time constant fitted to the data in  
Figure S22.3.  
 
 
 
 
 

 
Figure S23.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 1.86e9 W/cm2 (fluence of 
464.0 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S23.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 

 
 
Figure S23.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S23.1. . The time constants (and contribution to data) 
were: 0.4 ps (61.2%), 5.2 ps (33.1%), and 247.5 ps (5.7%).  
 



 

 

 
Figure S23.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S23.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S23.5. Concentration profiles for each time constant fitted to the data in  
Figure S23.3.  



 

 

 
Figure S24.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 1.47e9 W/cm2 (fluence of 
367.8 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S24.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S24.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S24.1. The time constants (and contribution to data) 
were: 0.5 ps (56.9%), 5.8 ps (35.3%), and 323.0 ps (7.8%).  
 
 
 
 
 

 
 
Figure S24.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S24.1.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure S24.5. Concentration profiles for each time constant fitted to the data in  
Figure S24.3.  
 
 
 
 

 
Figure S25.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 1.18e9 W/cm2 (fluence of 
294.2 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S25.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 

 
 
Figure S25.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S25.1. . The time constants (and contribution to data) 
were: 4.5 ps (70.1%), 51.1 ps (22.7%), and 1015.6 ps (7.2%).  
 



 

 

 
 
Figure S25.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S25.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S25.5. Concentration profiles for each time constant fitted to the data in  
Figure S25.3.  



 

 

 
Figure S26.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 9.05e8 W/cm2 (fluence of 
226.4 uJ/cm2) at 539 nm. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S26.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S26.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S26.1. The time constants (and contribution to data)  
were: 0.4 ps (61.9%), 8.4 ps (27.0%), and 373.7 ps (11.1%). 
 
 
 
 

 
 
Figure S26.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S26.1.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S26.5. Concentration profiles for each time constant fitted to the data in  
Figure S26.3.  
 
 
 
 

 
Figure S27.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 2.94e8 W/cm2 (fluence of 73.6 
uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S27.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S27.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S27.1. The time constants (and contribution to data) 
were: 5.1 ps (57.0%), 72.3 ps (30.8%), and 1101.4 ps (12.2%).  



 

 

 
Figure S27.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S27.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S27.5. Concentration profiles for each time constant fitted to the data in  
Figure S27.3 
 
 
 
 
 
 



 

 

 
 

Figure S28.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbI3 with pump irradiance of 1.47e8 W/cm2 (fluence of 36.8 
uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S28.2. Kinetic trace taken at 1470 cm-1 (blue dots depict experimental data for 
selected delays, red curve represents a biexponential fit).  
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S28.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S28.1. The time constants (and contribution to data) 
were: 19.4 ps (48.1%), 286.7 ps (32.8%), and 1372.0 ps (19.1%).  
 
 
 

 
Figure S28.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S28.1.  



 

 

 
 
 
 
 
 
 
 
 
 
Figure S28.5. Concentration profiles for each time constant fitted to the data in  
Figure S28.3. 
 
 
 
 
 
 
 
 
Time-resolved charge recombination analysis upon optical excitation of 500 
nm thick film of MAPbBr3 
 

 
Figure S29.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 7.11e10 W/cm2  
(fluence of 17,768.8 uJ/cm2) at 539 nm.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S29.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data for 
selected delays, red curve represents a biexponential fit).  
 
 
 
 
 

 
 
Figure S29.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S29.1. The time constants (and contribution to data) 
were: 2.1 ps (57.9%), 4.8 ps (30.3%), 45.5 ps (9.3%), and 854.6 ps (2.5%).  
 
 



 

 

 

 
Figure S29.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S29.1.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure S29.5. Concentration profiles for each time constant fitted to the data  
in Figure S29.3. 



 

 

 
Figure S30.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 4.48e10 W/cm2  
(fluence of 11,204.5 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S30.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data for 
selected delays, red curve represents a biexponential fit).  
 
 



 

 

 

 
Figure S30.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S30.1. The time constants (and contribution to data) 
were: 1.8 ps (73.1%), 4.0 ps (13.6%), 31.1 ps (9.5%) and 575.4 ps (3.8%).  
 
 
 
 

 
 
Figure S30.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S30.1.  



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S30.5. Concentration profiles for each time constant fitted to the data in  
Figure S30.3. 
 
 
 
 
 
 
 

 
 
Figure S31.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 2.83e10 W/cm2  
(fluence of 7,073.6 uJ/cm2) at 539 nm.  
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S31.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 

 
 
Figure S31.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S31.1. The time constants (and contribution to data) 
were: 2.5 ps (50.7%), 2.9 ps (32.3%), 42.8 ps (11.9%),  and 638.9 ps (5.1%).  
 



 

 

 
 
Figure S31.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S31.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S31.5. Concentration profiles for each time constant fitted to the data in  
Figure S31.3. 



 

 

 
Figure S32.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 1.78.9e10 W/cm2 (fluence of 
4,470.5 uJ/cm2) at 539 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S32.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 



 

 

 
Figure S32.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S32.1. The time constants (and contribution to data) 
were: 1.1 ps (46.2%), 3.6 ps (43.8%), 82.8 ps (7.7%), and 1208.6 ps (2.3%).  
 
 
 
 
 

 
Figure S32.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S32.1.  
 



 

 

 
 
 
 
 
 
 
 
 
 

 
Figure S32.5. Concentration profiles for each time constant fitted to the data in  
Figure S32.3. 
 
 
 
 
 

 
Figure S33.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 1.13e10 W/cm2 (fluence of 
2,829.4uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S33.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 

 
 
Figure S33.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S33.1. The time constants (and contribution to data) 
were: 1.2 ps (45.2%), 3.1 ps (42.9%), 85.7 ps (8.9%), and 1122.8 ps (3.0%).  
 
 
 
 



 

 

 
 
Figure S33.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S33.1.  
 
 
 
 
 

 
 
Figure S33.5. Concentration profiles for each time constant fitted to the data in Fig-
ure S33.3. 
 
 



 

 

 
 
Figure S34.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 2.83e9 W/cm2 (fluence of 
707.4 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S34.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 



 

 

 
Figure S34.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S34.1. The time constants (and contribution to data) 
were: 1.1 ps (31.7%), 2.2 ps (30.2%), 106.4 ps (27.0%), and 1206.8 ps (11.1%).  
 
 

 
Figure S34.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S34.1 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure S34.5. Concentration profiles for each time constant fitted to the data in  
Figure S34.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S35.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 2.32 e9 W/cm2 (fluence of 
580.0 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S35.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit).  
 
 
 
 
 

 
Figure S35.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S35.1. The time constants (and contribution to data) 
were: 1.8 ps (30.0%), 2.9 ps (29.8%), 93.0 ps (27.1%), and 891.3 ps (13.1%).  



 

 

 
Figure S35.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S35.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S35.5. Concentration profiles for each time constant fitted to the data in  
Figure S35.3. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S36.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 1.86e9 W/cm2 (fluence of 
464.0 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S36.2. Kinetic trace taken at 1480 cm-1. (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit) 
 
 



 

 

 
 
Figure S36.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S36.1. The time constants (and contribution to data)  
were: 6.2 ps (34.0%), 10.3 ps (36.4%), 546.1 ps (28.1%), and 565.6 ps (1.5%).  
 
 
 
 
 

 
Figure S36.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S36.1.  
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S36.5. Concentration profiles for each time constant fitted to the data in  
Figure S36.3. 
 
 
 
 
 
 
 
 

 
 
Figure S37.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 1.47e9 W/cm2  
(fluence of 367.8 uJ/cm2) at 539 nm.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S37.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 

 
Figure S37.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S37.1. The time constants (and contribution to data) 
were: 5.9 ps (32.0%), 37.8 ps (32.3%), 329.5 ps (26.2%), and 1230.3 ps (9.5%).  



 

 

 

 
Figure S37.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S37.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S37.5. Concentration profiles for each time constant fitted to the data in  
Figure S37.3 



 

 

 

 
Figure S38.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 1.18e9 W/cm2 (fluence of 
294.2 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S38.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data for 
selected delays, red curve represents a biexponential fit). 



 

 

 
Figure S38.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S38.1. The time constants (and contribution to data) 
were: 0.3 ps (27.6%), 4.0 ps (30.0%), 144.1 ps (28.4%), and 1050.0 ps (14.0%).  
 
 
 
 

 
 
Figure S38.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S38.1.  



 

 

 
 
 
 
 
 
 
 
 
 
Figure S38.5. Concentration profiles for each time constant fitted to the data in  
Figure S38.3. 
 
 
 
 
 
 
 

 
 
Figure S39.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 9.05e8 W/cm2 (fluence of 
226.4 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S39.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 

 
 
Figure S39.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S39.1. The time constants (and contribution to data) 
were: 5.0 ps (29.8%), 5.2 ps (28.6%), 309.2 ps (28.7%), and 1422.0 ps (12.9%).  
 



 

 

 
 
Figure S39.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S39.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S39.5. Concentration profiles for each time constant fitted to the data in  
Figure S39.3. 



 

 

Figure S40.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3with pump irradiance of 2.94e8 W/cm2  
(fluence of 73.6 uJ/cm2)  at 539 nm. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S40.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 



 

 

 
 
Figure S40.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S40.1. The time constants (and contribution to data) 
were: 2.2 ps (32.5%), 110.0 ps (32.0%), 1144.2 ps (26.8%), and 1254.3 ps (8.7%).  
 
 
 

 
 
Figure S40.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S40.1.  



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S40.5. Concentration profiles for each time constant fitted to the data in  
Figure S40.3. 
 
 
 
 
 
 
 
 
 

 
 
Figure S41.1. Difference transient absorption spectra at selected delays (ps) for  
a 500 nm thick film of MAPbBr3 with pump irradiance of 1.47e8 W/cm2  
(fluence of 36.8 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S41.2. Kinetic trace taken at 1480 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 
 

 
Figure S41.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S41.1. The time constants (and contribution to data) 
were: 2.5 ps (26.0%), 6.4 ps (27.7%), 393.9 ps (25.2%), and 744.5 ps (21.1%).   



 

 

 
 
Figure S41.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S41.1.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
Figure S41.5. Concentration profiles for each time constant fitted to the data in  
Figure S41.3. 
 
 
 
 
 
 
 



 

 

Time-resolved charge recombination analysis upon optical excitation  
of 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 

 
 
Figure S42.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 4.48e10 
W/cm2 (fluence of 11,204.5 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S42.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 



 

 

 
Figure S42.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S42.1. The time constants (and contribution to data)  
were: 1.7 ps (76.5%), 15.3 ps (20.0%), and 575.4 ps (3.5%).   
 
 
 

 
Figure S42.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S42.1.  
 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S42.5. Concentration profiles for each time constant fitted to the data in  
Figure S42.3. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S43.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.83e10  
W/cm2 (fluence of 7,073.6 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S43.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 

 
Figure S43.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S43.1. The time constants (and contribution to data) 
were: 2.8 ps (68.5%), 49.4 ps (16.0%), and 593.2 ps (15.5%).   
 
 



 

 

 
Figure S43.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S43.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S43.5. Concentration profiles for each time constant fitted to the data in  
Figure S43.3 



 

 

 

 
 
Figure S44.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.78.9e10 
W/cm2 (fluence of 4,470.5 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S44.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 



 

 

 
 
Figure S44.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S44.1. The time constants (and contribution to data)  
were: 2.0 ps (79.1%), 19.0 ps (18.5%), and 1243.2 ps (2.4%).    
 
 
 

 
 
Figure S44.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S44.1. 



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S44.5. Concentration profiles for each time constant fitted to the data in  
Figure S44.3. 
 
 
 
 
 
 
 

 
 
Figure S45.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.13e10  
W/cm2 (fluence of 2,829.4uJ/cm2) at 539 nm.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S45.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 

 
 
Figure S45.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S45.1. The time constants (and contribution to data) 
were: 1.4 ps (65.7%), 6.8 ps (27.3%), and 53.2 (7.0%).   
 



 

 

 
Figure S45.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S45.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S45.5. Concentration profiles for each time constant fitted to the data in  
Figure S45.3. 



 

 

 
Figure S46.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 7.10e9 
W/cm2 (fluence of 1,774.0 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S46.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 



 

 

 
Figure S46.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S46.1. The time constants (and contribution to data) 
were: 1.8 ps (68.0%), 10.5 ps (25.0%), and 77.3 ps (7.0%).   
 
 
 

 
 
Figure S46.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S46.1. 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S46.5. Concentration profiles for each time constant fitted to the data in  
Figure S46.3. 
 
 
 
 
 
 

 
Figure S47.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.83e9 
W/cm2 (fluence of 707.4 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S47.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 
 

 
 
Figure S47.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S47.1. The time constants (and contribution to data) 
were: 2.3 ps (64.7%), 14.5 ps (23.4%), and 126.1 ps (11.9%).   
 



 

 

 
 
Figure S47.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S47.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S47.5. Concentration profiles for each time constant fitted to the data in  
Figure S47.3. 



 

 

 
Figure S48.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.32 e9  
W/cm2 (fluence of 580.0 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S48.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 



 

 

Figure S48.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S48.1. The time constants (and contribution to data) 
were: 3.1 ps (62.0%), 19.9 ps (29.7%), and 167.9 ps (8.3%).   
 
 
 
 

 
 
Figure S48.4. Left (LSV) and right (RSV) singular vectors with dominant singular val-
ues for the SVD analysis of spectra presented in Figure S48.1. 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S48.5. Concentration profiles for each time constant fitted to the data in  
Figure S48.3. 
 
 
 
 
 
 
 
 
 
 

 
Figure S49.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.86e9 
W/cm2 (fluence of 464.0 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S49.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 
 
 

Figure S49.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S45.1. The time constants (and contribution to data) 
were: 2.9 ps (60.4%), 17.8 ps (31.0%), and 182.1 ps (8.6%).  
 



 

 

 
 
Figure S49.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S49.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S49.5. Concentration profiles for each time constant fitted to the data in  
Figure S45.3. 



 

 

 
Figure S50.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.47e9 
W/cm2 (fluence of 367.8 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S50.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 



 

 

 
 
Figure S50.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S50.1. The time constants (and contribution to data) 
were: 2.4 ps (54.1%), 286.7 ps (33.5%), and 1372.0 ps (12.4%).   
 
 

 
 
Figure S50.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S50.1. 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S50.5. Concentration profiles for each time constant fitted to the data in  
Figure S50.3. 
 
 
 
 
 

 
 
Figure S51.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.18e9 
W/cm2 (fluence of 294.2 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S51.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 

 
 
Figure S51.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S51.1. The time constants (and contribution to data) 
were: 4.0 ps (61.5%), 26.7 ps (30.4%), and 318.0 ps (8.1%).   
 
 



 

 

 
Figure S51.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S51.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S51.5. Concentration profiles for each time constant fitted to the data in  
Figure S51.3. 



 

 

 
Figure S52.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 9.05e8  
W/cm2 (fluence of 226.4 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S52.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit) 
 



 

 

 
Figure S52.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S52.1. The time constants (and contribution to data) 
were: 9.5 ps (62.5%), 62.9 ps (29.8%), and 451.0 ps (7.7%).   
 
 
 

 
 
Figure S52.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S52.1. 



 

 

 
 
 
 
 
 
 
 
 
 

 
Figure S52.5. Concentration profiles for each time constant fitted to the data in  
Figure S52.3. 
 
 
 
 
 
 
 
 

 
 
Figure S53.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 2.94e8  
W/cm2 (fluence of 73.6 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S53.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 

 
Figure S53.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S53.1. The time constants (and contribution to data) 
were: 9.6 ps (61.1%), 67.5 ps (31.1%), and 600.7 ps (7.8%).   
 
 



 

 

 
 
Figure S53.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S53.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S53.5. Concentration profiles for each time constant fitted to the data in  
Figure S53.3. 



 

 

Figure S54.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 1.47e8  
W/cm2 (fluence of 36.8 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S54.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 



 

 

 
 
Figure S54.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S54.1. The time constants (and contribution to data) 
were: 19.4 ps (54.6%), 286.7 ps (33.1%), and 530.0 ps (12.3%).  
 

  
 
Figure S54.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S54.1. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure S54.5. Concentration profiles for each time constant fitted to the data in  
Figure S54.3. 
 
 
 
 
 
 
 
 
 

 
 
Figure S55.1. Difference transient absorption spectra at selected delays (ps) for  
a 400 nm thick film of (FAPbI3)0.97(MAPbBr3)0.03 with pump irradiance of 8.9e7 W/cm2 
(fluence of 22.4 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S55.2. Kinetic trace taken at 1670 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 

 
 
Figure S55.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S55.1. The time constants (and contribution to data) 
were: 28.5 ps (65.0%), 341.5 ps (28.8%), and 27,336,595.5 ps (6.2%).   
 



 

 

 
 
Figure S55.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S55.1. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
Figure S55.5. Concentration profiles for each time constant fitted to the data in  
Figure S55.2. 
 
 
 
 
 
 
 
 



 

 

Time-resolved charge recombination analysis upon optical excitation of 200 
nm thick film of MAPbBr3 
 

 
 
Figure S56.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 7.11e10 W/cm2  
(fluence of 17,768.8 uJ/cm2) at 539 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S56.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 



 

 

 
 
Figure S56.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S56.1. The time constants (and contribution to data) 
were: 3.0 ps (74.8%), 13.3 ps (19.7%), and 422.2 ps (5.5%).   
 

 
 
Figure S56.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S56.1. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S56.5. Concentration profiles for each time constant fitted to the data in  
Figure S56.3. 
 
 
 
 
 

 
 
Figure S57.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 4.48e10 W/cm2  
(fluence of 11,204.5 uJ/cm2) at 539 nm. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S57.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 

 
 
Figure S57.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S57.1. The time constants (and contribution to data) 
were: 2.7 ps (74.8%), 12.5 ps (20.4%), and 436.0 ps (4.8%).   
 



 

 

 
 
Figure S57.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S57.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S57.5. Concentration profiles for each time constant fitted to the data in  
Figure S57.3. 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Figure S58.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3with pump irradiance of 2.83e10 W/cm2  
(fluence of 7,073.6 uJ/cm2) at 539 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S58.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 



 

 

 
 
Figure S58.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S58.1. The time constants (and contribution to data) 
were: 1.3 ps (56.2%), 4.7 ps (38.9%), and 434.7 ps (4.9%).   
 
 

 
 
Figure S58.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S58.1. 
 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S58.5. Concentration profiles for each time constant fitted to the data in  
Figure S58.3. 
 
 
 
 
 
 

 
Figure S59.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 1.78.9e10 W/cm2  
(fluence of 4,470.5 uJ/cm2) at 539 nm. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S59.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 
 

 
Figure S59.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S59.1. The time constants (and contribution to data) 
were: 0.3 ps (70.5%), 4.6 ps (26.8%), and 518.0 ps (2.7%).   
 



 

 

 
 
Figure S59.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S59.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S59.5. Concentration profiles for each time constant fitted to the data in  
Figure S59.3. 



 

 

Figure S60.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 1.13e10 W/cm2  
(fluence of 2,829.4uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S60.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 



 

 

 
 
Figure S60.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S60.1. The time constants (and contribution to data) 
were: 1.4 ps (52.1%), 4.2 ps (40.1%), and 535.1 ps (7.8%).   
 

 
 
Figure S60.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S60.1. 
 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S60.5. Concentration profiles for each time constant fitted to the data in  
Figure S60.3. 
 
 
 
 
 
 
 
 

 
Figure S61.1. Difference transient absorption spectra at selected delays (ps) for  
a 300 nm thick film of MAPbBr3 with pump irradiance of 7.10e9 W/cm2  
(fluence of 1,774.0 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S61.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 

Figure S61.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S61.1. The time constants (and contribution to data) 
were: 4.2 ps (72.4%), 143.3 ps (19.6%), and 1604.3 ps (8.0%).   
 



 

 

 
 
Figure S61.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S61.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S61.5. Concentration profiles for each time constant fitted to the data in  
Figure S61.3. 



 

 

Figure S62.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 2.83e9 W/cm2  
(fluence of 707.4 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S62.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 



 

 

 
Figure S62.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S62.1. The time constants (and contribution to data) 
were: 5.0 ps (46.8%), 143.9 ps (37.0%), and 1937.9 ps (16.2%).   
 
 
 

 
 
Figure S62.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S62.1. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S62.5. Concentration profiles for each time constant fitted to the data in  
Figure S62.3. 
 
 
 
 
 
 
 
 

 
 
Figure S63.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 2.32 e9 W/cm2  
(fluence of 580.0 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S63.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 
 
 

 
 
Figure S63.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S63.1. The time constants (and contribution to data) 
were: 2.3 ps (46.0%), 104.2 ps (38.6%), and 1673.2 ps (15.4%). 
 



 

 

 
 
Figure S63.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S63.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S63.5. Concentration profiles for each time constant fitted to the data in  
Figure S63.3. 



 

 

 
Figure S64.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 1.86e9 W/cm2  
(fluence of 464.0 uJ/cm2) at 539 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S64.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 
 
 
 



 

 

 

 
 
Figure S64.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S64.1. The time constants (and contribution to data) 
were: 0.1 ps (99.0%), 2.8 ps (0.6%), and 573.4 ps (0.4%).   

 
 
Figure S64.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S64.1. 



 

 

 
 
 
 
 
 
 
 
 
 
Figure S64.5. Concentration profiles for each time constant fitted to the data in  
Figure S64.3. 
 
 
 
 

 
 
Figure S65.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 1.47e9 W/cm2  
(fluence of 367.8 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S65.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 

 
 
Figure S65.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S66.1. The time constants (and contribution to data) 
were: 3.1 ps (40.6%), 128.8 ps (38.2%), and 1168.4 ps (21.2%).   



 

 

 
Figure S65.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S66.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S65.5. Concentration profiles for each time constant fitted to the data in  
Figure S66.3. 
 



 

 

 
Figure S66.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 1.18e9 W/cm2 (fluence of 
294.2 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S66.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 



 

 

 
 
Figure S66.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S66.1. The time constants (and contribution to data) 
were: 5.7 ps (38.1%), 101.6 ps (39.2%), and 1615.8 ps (22.7%).   
 
 

 
 
Figure S66.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S66.1. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S66.5. Concentration profiles for each time constant fitted to the data in  
Figure S66.3. 
 
 
 
 
 

 
Figure S67.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 9.05e8 W/cm2  
(fluence of 226.4 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S67.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 

 
 
Figure S67.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S67.1. The time constants (and contribution to data) 
were: 2.4 ps (39.8%), 276.7 ps (38.2%), and 1517.7 ps (22.0%).   
 



 

 

 
 
Figure S67.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S67.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S67.5. Concentration profiles for each time constant fitted to the data in  
Figure S67.3. 



 

 

 

Figure S68.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 2.94e8 W/cm2  
(fluence of 73.6 uJ/cm2) at 539 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S68.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 



 

 

 
Figure S68.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S68.1. The time constants (and contribution to data) 
were: 17.7 ps (50.4%), 1033.5 ps (46.3%), and 1085.6 ps (3.3%).   
 
 
 

 
 
Figure S68.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S68.1. 



 

 

 
 
 
 
 
 
 
 
 
 
 
Figure S68.5. Concentration profiles for each time constant fitted to the data in  
Figure S68.3. 
 
 
 
 
 
 
 

 
Figure S69.1. Difference transient absorption spectra at selected delays (ps) for  
a 200 nm thick film of MAPbBr3 with pump irradiance of 1.47e8 W/cm2  
(fluence of 36.8 uJ/cm2) at 539 nm.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S69.2. Kinetic trace taken at 1444 cm-1 (blue dots depict experimental data 
for selected delays, red curve represents a biexponential fit). 
 
 
 

 
 
Figure S69.3. Time independent spectra of sequential three compartments global fit 
to spectra shown in Figure S69.1. The time constants (and contribution to data) 
were: 100.0 ps (33.4%), 110.2 ps (39.5%), and 1700.7 ps (27.1%).   
 



 

 

 

 
 
Figure S69.4. Left (LSV) and right (RSV) singular vectors with dominant singular  
values for the SVD analysis of spectra presented in Figure S69.4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S69.5. Concentration profiles for each time constant fitted to the data in  
Figure S69.3. 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
Figure S70. FTIR ground state absorption spectra of 600 nm film of 
(FAPbI3)0.97(MAPbBr3)0.03. 
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Figure S71. FTIR ground state absorption spectra of 500 nm film of MAPbBr3. 

Figure S72. FTIR ground state absorption spectra of 200 nm film of MAPbBr3. 
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Figure S73. Visible ground state absorption spectra of 200 nm film of MAPbBr3. 
 
 
 

 

 

 

 

 

 

 

 

Figure S74. Visible ground state absorption spectra of 500 nm film of MAPbBr3. 
 

 

 

 

 

 

 

 

 

Figure S75. Visible ground state absorption spectra of 300 nm film of MAPbI3. 

0.

0.75

1.5

2.25

3.

3.75

250271292313334355376397418439460481502523544565586607628649670691

Ab
so

rb
an

ce
 [O

D
]

Wavelength [nm]

Absorbance (MAPbBr3)

0.

1.

2.

3.

4.

5.

250269288307326345364383402421440459478497516535554573592611630649668687

Ab
so

rb
an

ce
 [O

D]

Wavenumber [nm]

Absorbance (MAPbBr3)

0.

1.

2.

3.

4.

5.

190 238 286 334 382 430 478 526 574 622 670 718 766 814 862 910 958 10061054

Ab
so

rb
an

ce
 [O

D]

Wavelength [nm]

Absorbance (MAPbI3)



 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S76. Visible ground state absorption spectra of 400 nm and 600 nm film of 
(FAPbI3)0.97(MAPbBr3)0.03. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S77. ΔOD amplitudes and decay rates of bi-exponential fitting to difference 
absorption spectra with a resonant 539 nm pump for (FAPbI3)0.97(MAPbBr3)0.03 with 
1713 cm-1 probe – 600 nm thick film, insets are kinetic traces taken at 1713 cm-1 for 
selected irradiances. 
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