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Figure S1. (A) Schematic presentation of the formation of the bleach (blocked transition) at the low-energy edge

of absorption in perovskite after charge cooling (left), and the reduction of bleach after either electron transfer to

ETM or hole transfer to HTM due to the delocalization of the charges (right). (B) Pseudo-color 2D spectra of

original transient absorption data corresponding to higher pump fluence excited from ETM side in Figure 2C. The

negative bleach signal is indicated by yellow, green, and blue.
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Figure S2. Simulation of the distribution of the electrons and holes along perovskite thickness at different times

after excitation from the ETM side for low and high pump fluence. If not otherwise indicated in the graph insets,

the values of the parameters for the simulations are the following: L=500 nm, »=0.7, D=2x102 cm?¥/s, ki=1x10° s,

k2=2x10"10 cm?/s, kier=kint=1x10"" 571, =190 000 cm™ (475 nm excitation from ETM side). The left column shows the

results for pump fluence of 2.3 pJ/cm? and k=0, the middle column for 30 pJ/ecm? and ks=0, and the right column

for 30 pJ/cm? and k3=2x10-28 cmé/s.
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Figure S3. Simulations of charge population decay observed in transient absorption of PSCs (calculated from eq.
(10)) for different parameters variation (y, ki, k2, k3). If not otherwise indicated in the graph insets, the values of the
parameters for the simulations are the following: L=500 nm, y=0.7, D=2x102 cm?/s, ki=1x10° s, k2=2x101° cm?/s,
kier=km=1x10" s, =190 000 cm™ (475 nm excitation from ETM side). The left column shows the results for pump

fluence of 2.3 pJ/cm? and k3=0, the middle column for 30 pJ/cm? and ks=0, and the right column for 30 pJ/cm? and

k3=2x10-28 cmb/s.
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Figure S4. Simulations of charge population decay observed in transient absorption of PSCs (calculated from eq.
(10)) for different parameters variation (D, kiet, kimit, L). If not otherwise indicated in the graph insets, the values of
the parameters for the simulations are the following: L=500 nm, y=0.7, D=2x10 cm?/s, k1i=1x10° 51, k>=2x10-10 cm?/s,
kier=km=1x10" s, =190 000 cm (475 nm excitation from ETM side). The left column shows the results for pump

fluence of 2.3 pJ/cm? and k3=0, the middle column for 30 pJ/cm? and ks=0, and the right column for 30 pJ/cm? and

k3=2x10-28 cmb/s.



o
o2}
S

0,55

0,50 ~

o

~

(6]
1

o

N

o
1

-1400-1200-1000 -800 -600 -400 -200 O
Forward potential, mV

Residual B/ signal normalized to Bl maximum
|

o
w
o

Figure S5. Averaged residual Bl signal for a different applied voltage of PSC excited from ETM side with 475 nm
pump pulse of 2.3 pJ/ecm? The change reflects the variation in electron injection rate constant (kier) for different
potential values as all other parameters in our model are the same. Due to several measurements in the same spot,
some photoinduced changes probably occurred that slightly change the kinetics, so we minimize this effect by
averaging two measurements for the same voltage: one for voltage increasing and one for voltage decreasing scan.
Then the data were averaged for two such series. That’s why the residual values are slightly smaller than that in

Figure 3B measured over a much shorter time.
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Figure S6. The comparison between two approaches of interface charge transfer implementation —using delta
functions in the vicinity of the boundary (solid lines) and using boundary conditions for the gradient of the charge
population (dashed lines) for three values of kier and Sier. The values of the parameters for the simulations are the
following: L=500 nm, y=0.7, D=2x102 cm?/s, ki=1x105 s, k2=2x1010 cm?/s, ks=0, kinr=1x10" s, & =190 000 cm™ (475
nm excitation from ETM side). The left plot (A) shows the results for pump fluence of 2.3 pJ/cm? and the right plot
(B) for 30 pJ/cm2.



