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Time-resolved charge recombination analysis upon optical excitation of 600
nm thick film of (FAPDbI3)o.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
(FAPDI3)0.97(MAPDbBr3)0.03. The irradiance and SVD time constants; 4.5e10 W/cm?, 3.0 ps, 21.3
ps, and 419.6 ps (a); 2.8e10 W/cm?, 2.5 ps, 19.4 ps, and 1304.5 ps (b); 1.8e10 W/cm?, 2.6
ps, 21.0 ps, and 1351.9 ps (c); 1.1e10 W/cm?, 2.5 ps, 13.7 ps, and 543.2 ps (d); 7.1e9 W/cm?,
2.5ps, 13.0 ps, and 465.4 ps (e); 2.8e9 W/cm?, 3.4 ps, 29.8 ps, and 800.0 ps (f); 2.3e9 W/cm?,
2.7 ps, 25.4 ps, and 927.9 ps (g); 1.9e9 W/cm?, 3.3 ps, 31.4 ps, and 1010.8 ps (h); 1.5e9
W/cm?, 4.4 ps, 39.4 ps, and 1070.2 ps (i); 1.2e9 W/cm?, 3.2 ps, 34.9 ps, and 1085.2 ps (j);
9.1e8 W/cm?, 7.2 ps, 61.8 ps, and 1228.2 ps (k); 2.9e8 W/cm?, 8.8 ps, 72.3 ps, and 1041.9 ps



(1); 1.1e8 W/cm?, 14.4 ps, 102.8 ps, and 1000.9 ps (m); 9.1e7 W/cm?, 32.1 ps, 174.3 ps, and
12,600.0 ps (n).
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Figure S1.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPbI3)o.07(MAPDbBTr3)0.03 with pump irradiance of 4.5e10 W/cm? (flu-
ence of 11,204.5 ud/cm?).
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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.
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Figure S1.3. Concentration profiles for each time constant fitted to the data
presented in Figure S1a.
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Figure S2.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPbI3)o.07(MAPDbBTr3)0.03 with pump irradiance of 2.8e10 W/cm?
(fluence of 7073.6 ud/cm?).
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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.
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Figure S3.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPDbI3)o.07(MAPbBr3)0.03 with pump irradiance of 1.8e10 W/cm?
(fluence of 4470.5 ud/cm?).
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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.
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Figure S3.3. Concentration profiles for each time constant fitted to the data
presented in Figure S1c.
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Figure S4.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPDbI3)o.07(MAPbBr3)0.03 with pump irradiance of 1.1€10 W/cm?
(fluence of 2829.4uJ/cm?).
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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.
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Figure S5.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPDbI3)o.97(MAPbBr3)o.03 with pump irradiance of 7.1€9 W/cm?

(fluence of 1768.4 ud/cm?).
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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.
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Figure S5.3. Concentration profiles for each time constant fitted to the data pre-
sented in Figure S1e.
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Figure S6.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPDbI3)o.907(MAPbBr3)o.03 with pump irradiance of 2.8e9 W/cm?
(fluence of 707.4 uJ/cm?).
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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.
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presented in Figure S1f.
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Figure S7.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPbI3)o.07(MAPDbBr3)o.03 with pump irradiance of 2.3e9 W/cm?
(fluence of 580.0 uJ/cm?).
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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.).
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Figure S7.3. Concentration profiles for each time constant fitted to the data
presented in Figure S1g.
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Figure S8.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPDbI3)o.97(MAPbBr3)0.03 with pump irradiance of 1.9e9 W/cm?
(fluence of 464.0 uJ/cm?).
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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.
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Figure S8.3. Concentration profiles for each time constant fitted to the data
presented in Figure S1h.
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Figure S9.1. Difference transient absorption spectra at selected delays (ps) for a 600
nm thick film of (FAPDbI3)o.07(MAPbBr3)0.03 with pump irradiance of 1.5e9 W/cm?
(fluence of 367.8 ud/cm?).
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Figure S10.1. Difference transient absorption spectra at selected delays (ps) for

a 600 nm thick film of (FAPbI3)o.07(MAPDbBTr3)0.03 with pump irradiance of 1.2e9 W/cm?
(fluence of 294.2 ud/cm?).
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Figure S11.1. Difference transient absorption spectra at selected delays (ps) for
a 600 nm thick film of (FAPbIz)o.e7(MAPbBTr3)0.03 with pump irradiance of 9.1e8 W/cm?
(fluence of 226.4 uJ/cm?).
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Figure S12.1. Difference transient absorption spectra at selected delays (ps) for
a 600 nm thick film of (FAPbIz)o.o7(MAPbBTr3)0.03 with pump irradiance of 2.9e8 W/cm?
(fluence of 73.6 ud/cm?).
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values for the SVD analysis of spectra presented in Figure S12.1.
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Figure S13.1. Difference transient absorption spectra at selected delays (ps) for
a 600 nm thick film of (FAPbI3)o.07(MAPDbBTr3)0.03 with pump irradiance of 1.1e8 W/cm?

(fluence of 28.3 uJ/cm?).
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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.
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Figure S14.1. Difference transient absorption spectra at selected delays (ps) for
a 600 nm thick film of (FAPbI3)o.07(MAPDbBTr3)0.03 with pump irradiance of 9.1e7 W/cm?
(fluence of 22.6 uJ/cm?).
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values for the SVD analysis of spectra presented in Figure S14.1.
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Figure S15.1. Difference transient absorption spectra at selected delays (ps) for
a 300 nm thick film of MAPDbI3 with pump irradiance of 7.11e10 W/cm? (fluence of
17,768.8 uJ/cm?) at 539 nm.
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Figure S15.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data
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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 (65.7%), 1.2 ps (35.2%), and 31.5 ps (9.1%).
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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/cm? (fluence of
11,204.5 ud/cm?) at 539 nm.
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Figure S16.2. Kinetic trace taken at 1470 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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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/cm? (fluence of
7,073.6 ud/cm?) at 539 nm.
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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%).



Trace (LSV)*Singular value (S)

o SV=1 SV=2 SV=3 «x10° SV=4 Singular values (SV)
3
0.01 | 0.02 | 251
\ | 2(/) ‘
0.5 il 0.01 P 1 f\ / 2
> o | - //\ /}‘ \ N
\ = | -
o 0.005 | | 0 / o 0 | \ )‘ 5
\ -1 \ |
001 -0.01 / 2\ 1
15 0015+ | / \ | 05
-0.02 002 |/ 3 \ L
10° 102 10° 10° 102 10° 10° 102 10° 10° 102 10° 2 4 6 81012
svV=1 : sv=2 ©103 SV=3 «10° sv=4’
i y 0.01f 1T ’ 2f | '
025 | “J r * F I | | f I
\ ‘ w ‘ 57, ‘k’ o 1 \‘ |/
I I ( \ W | 4
03] N H‘ M\ ‘\‘\ 0 \‘ w“ \ F\ ‘\ A UH “\r“ | «\
z I ol vl | W I MAM | o J\H [
2] A 1| \ \ RRIATRITTAA A
-0.35 | I /\ f IR |V,
L o] | Wt VI o P
T AR I | B
04+ |/ \ R 1 - =
A'\/‘”\/ ‘ o0 1 10 J ‘l 2 w
1400 1450 1500 1400 1450 1500 1400 1450 1500 1400 1450 1500

Singular value (S)*Spectra (RSV)
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values for the SVD analysis of spectra presented in Figure S17.1.
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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/cm? (fluence of
4,470.5 ud/cm?) at 539 nm.
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Figure S18.2. Kinetic trace taken at 1470 cm- (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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Figure S18.3. Time independent spectra of sequential three compartments global fit
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values for the SVD analysis of spectra presented in Figure S18.1.
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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/cm? (fluence of
2,829.4ud/cm?) at 539 nm.
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Figure S19.2. Kinetic trace taken at 1470 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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Figure S19.5. Concentration profiles for each time constant fitted to the data in
Figure S19.3.
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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/cm? (fluence of
1,774.0 ud/cm?) at 539 nm.
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Figure S20.2. Kinetic trace taken at 1470 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S20.5. Concentration profiles for each time constant fitted to the data in
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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/cm? (fluence of
707.4 uJ/cm?) at 539 nm.
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Figure S21.2. Kinetic trace taken at 1470 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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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 €9 W/cm? (fluence of
580.0 uJ/cm?) at 539 nm.
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Figure S22.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).



0.09

0.08

0.07 -

0.06

0.05

1420

1440

1
1460
Wavenumber [cm'1 ]

1480

|
1500

Lifetime [ps]
—0.9
—5:1

205.0

1520

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 (63.6%), 1.2 ps (39.6%), and 31.5 ps (6.8%).
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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.
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Figure S22.5. Concentration profiles for each time constant fitted to the data in
Figure S22.3.
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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/cm? (fluence of
464.0 ud/cm?) at 539 nm.
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Figure S23.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S23.5. Concentration profiles for each time constant fitted to the data in
Figure S23.3.
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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/cm? (fluence of
367.8 uJ/cm?) at 539 nm.
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Figure S24.2. Kinetic trace taken at 1470 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S24.5. Concentration profiles for each time constant fitted to the data in
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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/cm? (fluence of
294.2 uJ/cm?) at 539 nm.
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Figure S25.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S25.5. Concentration profiles for each time constant fitted to the data in
Figure S25.3.
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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/cm? (fluence of
226.4 uJ/cm?) at 539 nm.
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Figure S26.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S26.5. Concentration profiles for each time constant fitted to the data in
Figure S26.3.
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Figure S27.1. Difference transient absorption spectra at selected delays (ps) for
a 300 nm thick film of MAPbIs with pump irradiance of 2.94e8 W/cm? (fluence of 73.6

ud/cm?) at 539 nm.
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Figure S27.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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 (567.0%), 72.3 ps (30.8%), and 1101.4 ps (12.2%).
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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/cm? (fluence of 36.8

ud/cm?) at 539 nm.

%107

2.5

N

Amplitude [OD]
&

-

0.5¢

0 500 1000 1500
Time [ps]

Figure S28.2. Kinetic trace taken at 1470 cm™' (blue dots depict experimental data for
selected delays, red curve represents a biexponential fit).
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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%).
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Time-resolved charge recombination analysis upon optical excitation of 500
nm thick film of MAPbBr3
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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/cm?
(fluence of 17,768.8 ud/cm?) at 539 nm.
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Figure S29.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data for
selected delays, red curve represents a biexponential fit).

0.35 |Lifetime [ps]
—241
—438
45.5
0.3 854.6
0.25 o
Q 0.2
(@]
<
0.15 M
0.1
0.05
L el | L
1400 1420 1440 1460 1480 1500 1520

Wavenumber [cm'1 ]

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%).
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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/cm?
(fluence of 11,204.5 ud/cm?) at 539 nm.
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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%).
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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.
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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/cm?
(fluence of 7,073.6 ud/cm?) at 539 nm.
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Figure S31.2. Kinetic trace taken at 1480 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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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/cm? (fluence of
4,470.5 ud/cm?) at 539 nm.
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Figure S32.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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values for the SVD analysis of spectra presented in Figure S32.1.
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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/cm? (fluence of
2,829.4ud/cm?) at 539 nm.
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Figure S33.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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values for the SVD analysis of spectra presented in Figure S33.1.
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Figure S34.1. Difference transient absorption spectra at selected delays (ps) for
a 500 nm thick film of MAPbBr3s with pump irradiance of 2.83e9 W/cm? (fluence of
707.4 ud/cm?) at 539 nm.
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Figure S34.2. Kinetic trace taken at 1480 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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values for the SVD analysis of spectra presented in Figure S34.1
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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 €9 W/cm? (fluence of
580.0 uJ/cm?) at 539 nm.
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Figure S35.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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Figure S35.5. Concentration profiles for each time constant fitted to the data in
Figure S35.3.
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Figure S36.1. Difference transient absorption spectra at selected delays (ps) for
a 500 nm thick film of MAPbBr3s with pump irradiance of 1.86e9 W/cm? (fluence of
464.0 ud/cm?) at 539 nm.
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Figure S36.2. Kinetic trace taken at 1480 cm™'. (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit)
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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%).
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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.
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Figure S36.5. Concentration profiles for each time constant fitted to the data in
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Figure S37.1. Difference transient absorption spectra at selected delays (ps) for

a 500 nm thick film of MAPbBr3s with pump irradiance of 1.47e9 W/cm?
(fluence of 367.8 ud/cm?) at 539 nm.
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Figure S37.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).



Trace (LSV)*Singular value (S)

~ sv=1 x1048V=2 x10*8V=3 7><10'4ASV;4 X‘10-4’SY‘=5 Singular values (SV)
-0.02 | 10 /ﬂ\ i A 3 u ‘\\ | 03
‘ 1 2 H 1] ‘\ jo25)
wo I =]
%006 ‘ ° /\\ ‘( \ \\‘ \ I oF AN\ [loas
/\( 2 \/| \ 0 | \ ‘\ / / \} V \\ \‘
-0.08 0 /"H 4\ Moal ) / \\J ‘\ / “1V |\ t,' o1
, | | SRV
o1l - 6 | 2 \},’ \ , \/ :°°5
10° 10° 10° 10° 100 246 81012
SV=1 %1048V =2 %1048V =3 %1048V =4 x104SV=5
-0.025 | ‘ ‘ X q | 3 M 15f A A 1f ‘“
| 1 I t n Il
S ENT ECRSEATRETY
oss |/ M erv‘JHH\ 1| os | | |[ w \\ I
% -004 | Mh Of‘u“j‘/“/wj 1] J ‘W“*“W \ |
Sl J“ TV o b M efl A s “"M
o “‘ ‘\H 4 an 3 U’\/“W ’ osJ"H" 1“\ ‘l ’
0051 | | ‘ : i Pl 1T \ ‘N At \ fit
00851 | e I 1 .“ﬁ“”‘v‘ 1 LL‘ ‘V} 151 ‘l ’ | =
20 40 60 20 40 60 20 40 60 20 40 60 20 40 60

Singular value (S)*Spectra (RSV)

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.
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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/cm? (fluence of
294.2 uJ/cm?) at 539 nm.

%1073

14

— —
(o] (o] o N

Amplitude [OD]

N

0 500 1000 1500
Time [ps]

Figure S38.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data for
selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S38.5. Concentration profiles for each time constant fitted to the data in
Figure S38.3.
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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/cm? (fluence of
226.4 ud/cm?) at 539 nm.
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Figure S39.2. Kinetic trace taken at 1480 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S39.5. Concentration profiles for each time constant fitted to the data in
Figure S39.3.
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Figure S40.1. Difference transient absorption spectra at selected delays (ps) for
a 500 nm thick film of MAPbBrswith pump irradiance of 2.94e8 W/cm?
(fluence of 73.6 uJ/cm?) at 539 nm.
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Figure S40.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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values for the SVD analysis of spectra presented in Figure S40.1.
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Figure S41.1. Difference transient absorption spectra at selected delays (ps) for
a 500 nm thick film of MAPbBrs with pump irradiance of 1.47e8 W/cm?
(fluence of 36.8 uJ/cm?) at 539 nm.
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Figure S41.2. Kinetic trace taken at 1480 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).



Trace (LSV)*Singular value (S)

sV=1 x108sv =2 x10*8V=3 x10° 8V =4 %1058V =5 Singular values (SV)
-0.005 | - N | ] -
) 5 f ¥ | s\ J s \ 10.05
‘ I Il s ; \ ‘
oo . / / L |/ A/ looa|
2 0.01 / 0 \\ “J \‘ (\’/ ’ \ ! ‘ J/ sl
. 2 /, \; “ Il of / \\J \W\\ o.02
‘ g /\ f\/ - H“ 5| / \/ S| ; \ {/ |0.01
e 2 \/ ‘V“ ;\,\/,\ \“ L1 *
10° 10° 10° 10° 10° 2 46 81012
%1038V =1 %1048V =2 %x10°SV =3 x10°8V =4 %1058V =5
NI AET MM” il 1 M 6
| \ il / I /1 4 | [\l | A | \
TS O A g
a .J““ of (L] '] \ww 2 \W
€ 8/ l[ [ -1 ﬂ\‘ ‘;M‘ \V \ i
(AU A AN oﬂw I
of // = TN \ JH =
o || | all | | 'ZWN —=
RN | ) Ll b ,
1400 1450 1500

1400 1450 1500

1400 1450 1500

1400 1450 1500 1400 1450 1500

Singular value (S)*Spectra (RSV)

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.
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Time-resolved charge recombination analysis upon optical excitation
of 400 nm thick film of (FAPbI3)o.97(MAPbBTr3)o0.03
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Figure S42.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbIs)o.o7(MAPbBTrs3)o.03 with pump irradiance of 4.48e10
W/cm? (fluence of 11,204.5 uJ/cm?) at 539 nm.
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Figure S42.2. Kinetic trace taken at 1670 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S42.5. Concentration profiles for each time constant fitted to the data in
Figure S42.3.
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Figure S43.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbI3)o.97(MAPbBTr3)0.03 with pump irradiance of 2.83e10
W/cm? (fluence of 7,073.6 uJ/cm?) at 539 nm.
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Figure S43.2. Kinetic trace taken at 1670 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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Figure S44.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbIs)o.e7(MAPbBTr3)o.03 with pump irradiance of 1.78.9e10
W/cm? (fluence of 4,470.5 ud/cm?) at 539 nm.
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Figure S44.2. Kinetic trace taken at 1670 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S44.5. Concentration profiles for each time constant fitted to the data in
Figure S44.3.
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Figure S45.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbI3)o.97(MAPbBTr3)0.03 with pump irradiance of 1.13e10
W/cm? (fluence of 2,829.4uJd/cm?) at 539 nm.
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Figure S45.2. Kinetic trace taken at 1670 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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Figure S46.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbIs)o.o7(MAPbBTrs3)o.03 with pump irradiance of 7.10e9

W/cm? (fluence of 1,774.0 ud/cm?) at 539 nm.
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Figure S46.2. Kinetic trace taken at 1670 cm™' (blue dots depict experimental data

for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S46.5. Concentration profiles for each time constant fitted to the data in
Figure S46.3.
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Figure S47.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPDI3)o.97(MAPbBr3)o.03 with pump irradiance of 2.83e9
W/cm? (fluence of 707.4 uJ/cm?) at 539 nm.
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Figure S47.2. Kinetic trace taken at 1670 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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values for the SVD analysis of spectra presented in Figure S47.1.
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Figure S47.5. Concentration profiles for each time constant fitted to the data in
Figure S47.3.
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Figure S48.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbIs)o.o7(MAPbBTrs3)o.03 with pump irradiance of 2.32 e9

W/cm? (fluence of 580.0 uJ/cm?) at 539 nm.
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Figure S48.2. Kinetic trace taken at 1670 cm™! (blue dots depict experimental data

for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S48.5. Concentration profiles for each time constant fitted to the data in
Figure S48.3.
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Figure S49.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbI3)o.07(MAPbBTr3)0.03 with pump irradiance of 1.86e9
W/cm? (fluence of 464.0 uJ/cm?) at 539 nm.
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Figure S49.2. Kinetic trace taken at 1670 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S50.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbIs)o.o7(MAPbBTrs3)o.03 with pump irradiance of 1.47e9
W/cm? (fluence of 367.8 uJ/cm?) at 539 nm.

-3
15 x10
[}
°
[
o 10
o
(]
©
2
g
< 57
°
O, Py ®
0 500 1000 1500

Time [ps]

Figure S50.2. Kinetic trace taken at 1670 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S50.5. Concentration profiles for each time constant fitted to the data in
Figure S50.3.

0.03 , _
0.025
0.02 N Delay [ps]
/ —-10
/ 5
) | 05
o 0.015 s 1
(@] 2
< 5
b % ) 10
0.01 s S S [\ P 20
. N/ 30
. 40
50
0.005 100
500
1000
e ~ 7\ 1500
L - / . £ walaial S J N——r === —
0
| |
1600 1625 1650 1675 1700 1725 1750

Wavenumber [cm‘1 ]

Figure S51.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbI3)o.97(MAPbBTr3)0.03 with pump irradiance of 1.18e9
W/cm? (fluence of 294.2 uJ/cm?) at 539 nm.
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Figure S51.2. Kinetic trace taken at 1670 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S51.5. Concentration profiles for each time constant fitted to the data in
Figure S51.3.
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Figure S52.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPDI3)o.97(MAPbBr3)o.03 with pump irradiance of 9.05e8
W/cm? (fluence of 226.4 uJ/cm?) at 539 nm.
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Figure S52.2. Kinetic trace taken at 1670 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit)
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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%).

Trace (LSV)*Singular value (S)

o Sv=1 %102 SV=2 %104 SV=3 104 SV=4 Singular values (SV)
: n ‘ T T
i\ /\ \
; / ‘ \ N 0.12
-0.02 | / l\ /| N\ 01
1 \ 1 2t / % [\ \/\| I
& o0 i \ ‘\ \/ 0 | f R B
- W \// \ | |
-0.04 0 Ao\ [V \ [ 0.08
\ At A ] 04 |
-0.05 / ‘ \\ | \| || 0.0
1/ 20 WY Y 0.02 |
006/ / / ‘ \ 2 |
100 10° 100 10° 2 4 6 81012
Sv=1 «104 SV=3 «10° SV=4
r T R r l T
A /r“ eVl | ‘;’\ V I
AV 2y /1 10
0015 | o/l | \ [ A
\/V \ | 1t || [V ‘\
V \ WA
\ \ 5 i
5 -0.02 | \ 0‘ “LV ‘
o | 4 |/ U \ o
\‘ 1 ‘ U \‘ ‘\ 0 W \‘ ‘JW“A‘
-0.025 | 2‘ \‘ ‘\ . I‘Lj V' ’ fit ‘
|\ 5 ——LsV
I 3 | )
-0.03 | A L A - .
1600 1700 1600 1700 1600 1700

Singular value (S)*Spectra (RSV)

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.
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Figure S52.5. Concentration profiles for each time constant fitted to the data in
Figure S52.3.
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Figure S53.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbI3)o.907(MAPbBTr3)0.03 with pump irradiance of 2.94e8
W/cm? (fluence of 73.6 ud/cm?) at 539 nm.
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Figure S53.2. Kinetic trace taken at 1670 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S53.5. Concentration profiles for each time constant fitted to the data in
Figure S53.3.
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Figure S54.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbI3)o.07(MAPbBTr3)0.03 with pump irradiance of 1.47e8
W/cm? (fluence of 36.8 ud/cm?) at 539 nm.
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Figure S54.2. Kinetic trace taken at 1670 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S54.5. Concentration profiles for each time constant fitted to the data in
Figure S54.3.
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Figure S55.1. Difference transient absorption spectra at selected delays (ps) for
a 400 nm thick film of (FAPbIz)o.e7(MAPbBTr3)0.03 with pump irradiance of 8.9e7 W/cm?
(fluence of 22.4 ud/cm?) at 539 nm.
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Figure S55.2. Kinetic trace taken at 1670 cm™! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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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
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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/cm?
(fluence of 17,768.8 ud/cm?) at 539 nm.
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Figure S56.2. Kinetic trace taken at 1444 cm- (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S56.5. Concentration profiles for each time constant fitted to the data in
Figure S56.3.
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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/cm?
(fluence of 11,204.5 ud/cm?) at 539 nm.
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Figure S57.2. Kinetic trace taken at 1444 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S57.5. Concentration profiles for each time constant fitted to the data in
Figure S57.3.
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Figure S58.1. Difference transient absorption spectra at selected delays (ps) for
a 200 nm thick film of MAPbBrawith pump irradiance of 2.83e10 W/cm?
(fluence of 7,073.6 uJ/cm?) at 539 nm.
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Figure S58.2. Kinetic trace taken at 1444 cm-! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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 (566.2%), 4.7 ps (38.9%), and 434.7 ps (4.9%).
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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.
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Figure S58.5. Concentration profiles for each time constant fitted to the data in
Figure S58.3.
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Figure S59.1. Difference transient absorption spectra at selected delays (ps) for
a 200 nm thick film of MAPbBr3s with pump irradiance of 1.78.9e10 W/cm?
(fluence of 4,470.5 uJ/cm?) at 539 nm.
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Figure S59.2. Kinetic trace taken at 1444 cm- (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S59.5. Concentration profiles for each time constant fitted to the data in
Figure S59.3.
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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/cm?
(fluence of 2,829.4uJ/cm?) at 539 nm.
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Figure S60.2. Kinetic trace taken at 1444 cm- (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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Figure S61.1. Difference transient absorption spectra at selected delays (ps) for
a 300 nm thick film of MAPbBr3s with pump irradiance of 7.10e9 W/cm?
(fluence of 1,774.0 uJ/cm?) at 539 nm.
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Figure S61.2. Kinetic trace taken at 1444 cm- (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S61.5. Concentration profiles for each time constant fitted to the data in
Figure S61.3.
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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/cm?
(fluence of 707.4 ud/cm?) at 539 nm.
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Figure S62.2. Kinetic trace taken at 1444 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S63.1. Difference transient absorption spectra at selected delays (ps) for
a 200 nm thick film of MAPbBrs with pump irradiance of 2.32 €9 W/cm?
(fluence of 580.0 ud/cm?) at 539 nm.
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Figure S63.2. Kinetic trace taken at 1444 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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Figure S64.1. Difference transient absorption spectra at selected delays (ps) for
a 200 nm thick film of MAPbBrs with pump irradiance of 1.86e9 W/cm?
(fluence of 464.0 uJ/cm?) at 539 nm.
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Figure S64.2. Kinetic trace taken at 1444 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S64.5. Concentration profiles for each time constant fitted to the data in
Figure S64.3.
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Figure S65.1. Difference transient absorption spectra at selected delays (ps) for
a 200 nm thick film of MAPbBrs with pump irradiance of 1.47e9 W/cm?
(fluence of 367.8 ud/cm?) at 539 nm.
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Figure S65.2. Kinetic trace taken at 1444 cm- (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.

! —3.1ps
——128.8 ps
L 1168.4 ps|
006 N
S
D04
02—
O L — I | 1
10° 10" 102 103

Time [ps]

Figure S65.5. Concentration profiles for each time constant fitted to the data in
Figure S66.3.
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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/cm? (fluence of
294.2 uJ/cm?) at 539 nm.
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Figure S66.2. Kinetic trace taken at 1444 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S66.5. Concentration profiles for each time constant fitted to the data in
Figure S66.3.
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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/cm?
(fluence of 226.4 uJ/cm?) at 539 nm.
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Figure S67.2. Kinetic trace taken at 1444 cm-! (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S67.3.
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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/cm?

(fluence of 7

3.6 ud/cm?) at 539 nm.
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Figure S68.2. Kinetic trace taken at 1444 cm™' (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S68.5. Concentration profiles for each time constant fitted to the data in
Figure S68.3.
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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/cm?
(fluence of 36.8 ud/cm?) at 539 nm.
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Figure S69.2. Kinetic trace taken at 1444 cm™ (blue dots depict experimental data
for selected delays, red curve represents a biexponential fit).
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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%).
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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.
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Figure S69.5. Concentration profiles for each time constant fitted to the data in

Figure S69.3.
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Figure S70. FTIR ground state absorption spectra of 600 nm film of
(FAPDI3)o.97(MAPbBr3)0.03.
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Figure S71. FTIR ground state absorption spectra of 500 nm film of MAPbBrs.
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Figure S72. FTIR ground state absorption spectra of 200 nm film of MAPbBrs.
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Figure S73. Visible ground state absorption spectra of 200 nm film of MAPbBrs.

Absorbance (MAPbBr3)

Now > v

Absorbance [OD]

=

0

250269288307326345364383402421440459478497516535554573592611630649668687
Wavenumber [nm]

Figure S74. Visible ground state absorption spectra of 500 nm film of MAPbBrs.
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Figure S75. Visible ground state absorption spectra of 300 nm film of MAPDls.
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Figure S76. Visible ground state absorption spectra of 400 nm and 600 nm film of
(FAPDI3)o.97(MAPDbBr3)0.03.
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Figure S77. AOD amplitudes and decay rates of bi-exponential fitting to difference
absorption spectra with a resonant 539 nm pump for (FAPDbI3)o.97(MAPDbBTr3)o.03 with
1713 cm" probe — 600 nm thick film, insets are kinetic traces taken at 1713 cm' for
selected irradiances.



