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S1. Materials and Methods

Perovskite mechanosynthesis: Perovskite powders were synthesized by grinding the reactants in an
electric ball mill (Retsch Ball Mill MM-200 using a grinding jar (10 ml) and a ball (210 mm) for 30 min
at 25 Hz. The resulting powders were annealed at 150 °C for 15 min to reproduce the thin film
synthetic procedure, in accordance with previously reported procedures.'! The amounts of

reagents taken into the synthesis were determined by the reported (nominal) stoichiometry.

Thin Film Preparation: Films were fabricated through a stepwise preparation process reported
previously.®! The quartz substrates were cleaned with oxygen plasma for 15 min. The perovskite film
was deposited by spin-coating onto the substrate. The precursor solutions of the A;FA,-;Pblsn+1 and
A’>FAn_1Pbylsne perovskite films (n =1, 2, 3; FA = formamidinium) of the concentration of 0.4 M were
prepared in a nitrogen-filled glovebox by dissolving the stoichiometric quantities of Pbl,, FAI, and
either (1-adamantyl)methanammonium iodide (ADAMI, Al) or 1-adamantylammonium iodide (ADA,
A’l) in the solvent mixture comprised of N,N-dimethylformamide (DMF) and dimethyl sulfoxide
(DMSO) with the volume ratio of DMF/DMSO = 4:1. The perovskite film spin-coating procedure was
performed in a glovebox under inert nitrogen atmosphere by a consecutive two-step spin-coating
process at first 1000 rpm for 10 s with a ramp of 200 rpm s*and second 4000 rpm for 20 s with a

ramp of 2000 rpm s™%. Subsequently, the substrate was annealed at 150 °C for 20 min.

X-ray diffraction (XRD) spectra were recorded on an X’Pert MPD PRO (PANanalytical) equipped with a
ceramic tube providing Ni-filtered (Cu anode, A = 1.54060 A) radiation and a RTMS X’Celerator
(PANalytical). The measurements were done in Bragg-Brentano geometry from 20 = 5-60 °. The
samples were mounted without further modification and the automatic divergence slit (10 mm) and
beam mask (10 mm) were adjusted to the dimension of the films. The XRD patterns of these

materials have been reported previously.'* Schematic representations are generated by VESTA.[!

UV-Vis absorption spectral measurements were recorded using Varian Cary5 UV-visible

spectrophotometer. The UV-Vis spectra of these materials have been reported previously.!

X-ray scattering experiments were done at beamline ID10 of the ESRF with a photon energy of 22 keV
under nitrogen atmosphere. As a calibrant for the scattering experiments, LaBs was used. The

sample-detector distance was 295 mm, while the beam size was 20 um in vertical direction and 120
pum in horizontal direction. GIXD data was measured under an angle of incidence of 0.12° with a
Cyberstar point detector. GIWAXS data was measured with a PILATUS 300k area detector under
angles of incidence between 0.02°-0.20°. Powder diffraction data was calculated with Mercury.

Scattering data analysis was performed with self-written Python and Matlab-based software.
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S2. Supplementary Structural Data
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Figure S1. XRR patterns of A,FA,_,Pb,ls,.; layered perovskite thin films on FTO/mp-TiO, substrates based on
nominal n = 1-4 compositions. Characteristic signals for FAPbl; polymorphs (a-FAPbl; and 6-FAPbIs phases) are
indicated as well.
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Figure S2. GIWAXS data for A,FA,Pbsl,q (n =3 composition) thin films on FTO/mp-TiO, substrates with three
different orientations of A,FAPb,l, (n = 2) structure: (a) initial image with indices and (b) representation of the
orientations (0°, 90°, 49° tilt relative to the substrate normal). GIWAXS data of (c) A’,FA,Pbsl,, (n=3)
composition, angle of incidence was 0.20°. (d) Integrated intensities of 2H and 6H FAPbI; polytypes for this
sample.
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Figure S3. GIWAXS data for A,Pbl, (n = 1) composition thin films on FTO/mp-TiO, substrates with A,Pbl, (n = 1)
layered 2D structure and the corresponding 2D polymorph. (a) Initial GIWAXS image with marked reflections,
angle of incidence was 0.12°. (b) Integrated intensities of A,Pbl, (n = 1) layered 2D structure and the

corresponding polymorph for this sample as a function of incidence angle.
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Figure S4. Angular space GIWAXS data of A,FA,_,Pb,l,.; (n = 1,2 and 3) composition thin films on FTO/mp-TiO,

substrates. (a) GIWAXS data at angle of incidence 0.12°. (b) Calculated Herman’s orientation parameter of the
first order reflections (indicated with arrows) as a function of incidence angle. For the n = 1 composition,
orientation analysis was performed for the n = 1 structure, while for n = 2 and n = 3 nominal compositions, the

analysis was done for the n = 2 structure.

Table S1. Triclinic lattice parameters derived from fitting of GIWAXS data of the 2D structure of perovskites for
A,FA,_1Pb,l5..1 (n = 1-2) perovskite compositions, starting from DFT (PBEsol+D2-optimized) calculated values.

n=1 a[A] b[A] c[A] al°] BI° z[° VA%
DFT 18.426 12.094 11.624 88.17 94.00 98.95 2549.332
Optimized 18.005 12.756 12.677 89.5 95.89 97 2874.57
Deviation [%)] -2.284 5.476 9.059 1.513 2.016 -1.972 12.758
n=2 a[A] b[A] c[A] al°] BI° z[° VA%
DFT 24.396 12.094 11.881 87.17 93.64 97.47 3462.190
Optimized 24.100 12.678 12.645 89.45 95.9 97 3814.422
Deviation [%)] -0.803 4.832 6.430 2.616 2.415 -0.482 10.174
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Table S2. Reflections and their higher orders based on the XRR data for A,FA,_;Pb,l5..; (n = 1-4) compositions.
All g,-values are given in A™".,

Legend n=1 n=2 n=3 n=4
0.265 0.259 0.262
n =1 structure 0.353 0.337
0.384
0.526 0.521 0.522
n =1 polymorph in the 0.703
n =1 composition 0.770
0.788 0.785 0.783
n = 2 structure
0.991 0.991 0.991
. 1.048 1.040 1.041
3D perovskite FAPbI; 1053
1.144
1.308 1.301 1.304
1.404
Tio, 1.571 1.576 1.562
1.754
1.833 1.829 1.830
1.878 1.878 1.878 1.878

$2.1. Herman’s orientation analysis

Orientation analysis (Figure S4) was performed using Herman’s orientation function to calculate the

Herman’s orientation parameter (f). The orientation parameter is defined as:
1
f = 5 B(cos?p) ~1)

where the average cos? weighted by the intensity as a function of azimuthal angle (o) is calculated

as follows:

JZ1(@,0)sing - cos*pdg
s

JZ (g, 0)sinpdy

(cos?q) =

For perfect orientation in @ = 0 direction (face-on), f would adopt a value of 1, while f = 0 would
represent random orientation and f = -1/2 would indicate for a perfect orientation normal to ¢ =0
(side-on, parallel to the substrate). Accordingly, the direction of ¢ = 0 was chosen along the g, axis.
The highest degree of orientation was observed for the n = 2 layered structure in the n = 2
composition, featuring an orientation parameter of around f = 0.8 (Figure S4). For the n = 1 structure
in samples with n = 1 composition, Herman’s orientation parameter increased with increasing angle
of incidence, suggesting a higher degree of order towards the bulk of the film compared to the
surface, reaching a maximum value just above f = 0.6. On the other hand, in the nominal n = 3
composition samples, where the orientation parameter was calculated for the n = 2 structure, it

exhibited a maximum value of around 0.6 near the film surface, while decreasing towards the bulk.
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S3. Molecular Dynamics Simulations
$3.1. Methods

Supercells are made of 120 stoichiometric units and the initial structures were built with VMD by
placing the organic spacers between layers of Pb-l octahedra. A fixed-point charge interatomic
potential was chosen for Pb and | from the available literature.”! We have selected this force field
because it is known to represent the crystal structures of both Pbl, and perovskites. The structure
and dynamics of Pbl, is highly important in lead halide perovskites and this force field is known to
capture the dynamics of edge-sharing Pb-I octahedra. The Generalized Amber Force Field (GAFF) was
used to parameterize the spacer and formamidinium ions. We have chosen a 1.0 nm cutoff for
nonbonded interactions and three-dimensional periodic boundary conditions were applied for each
simulation. Long-range electrostatic interactions are treated with the particle-particle-particle-mesh
Ewald method. We employ the SHAKE algorithm!® to constrain the bond length of hydrogen atoms.
The time step used in all of the simulations is 2 fs. All simulations are performed with the Large-scale
Atomic/Molecular Massively Parallel Simulator (LAMMPS) code (31 Mar 2017).""! The systems were
first minimized with a conjugate gradient algorithm with a tolerance of maximum residual force of
1073 kcal/mol A. After minimization, the systems were relaxed with an equilibrium run which was
carried out in the isothermal-isobaric ensemble. We use a velocity rescaling thermostat’® with a
relaxation time of 0.1 ps. The Parrinello-Rahman barostat®® was used to keep the pressure equal to
the standard atmospheric pressure. The relaxation time of the triclinic variable cell barostat was set
to 10 ps. We use the triclinic variable cell barostat in all of our simulations. With this setup, the
temperature was slowly increased from 0K to T (temperature, K) in 10 ns. Then we perform 30 ns
simulations at the constant temperature. To calculate the autocorrelation function (ACF), we
perform molecular dynamics (MD) simulations for five different temperatures (at 200 K, 250 K, 300 K,
350 K and 400 K). These simulations were run to verify the stability and calculations of rotational

dynamics at different temperatures. In order to obtain the final structure, we quench it to 0 K.

$3.2. Initial Structure Analysis

Atomistic simulations are a widely used and established techniques to model the crystal structures of
different complex compounds such as molecular crystals, metal alloys, oxide perovskites and many
more. Since the configurational space for such a multicomponent system can be very vast, we
perform experimental information-based MD simulations in perovskite configurational space. Two-
dimensional lead halide perovskites are known to have mainly Dion-Jacobson (DJ) or Ruddlesden-
Popper (RP) structures or structural analogues of these types. We start from building a DJ structure

from corner-sharing Pb-lI octahedra for a given perovskite configuration with organic spacers
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between these layers, since a DJ structure is more straightforward to build as compared to other
structure types, such as RP. The initial structures of A;FA.,-1Pbnlsns1 perovskite systems with (1-

adamantyl)methanammonium (ADAM, A) spacers of n = 1, 2 compositions are shown in Figure S5.

F R

Figure S5. Initial structures of A;FAn_1Pbqlsnia perovskite system of n = 1 and n = 2 compositions. The supercell
for initially built (a) n=1 and (b) n = 2 compositions. Lead (Pb?*) ions are shown with golden spheres, while
iodide (I7) ions are displayed with pink spheres. Pb—I| octahedra are shown in golden. A = ADAM spacer and
formamidinium (FA) ions are illustrated with a ball-and-stick model. Images are generated with the VMD.

$3.2. Analysis of the ADAM-based Perovskite Systems

We perform classical MD simulations of the initial structure (shown in Figure S5) in accordance with
the procedure described in the Methods section. Following a slow gradual increase in temperature,
we observe that the structure changes to the RP type and remains in this phase during the remaining
30 ns of the simulation. This is shown in Figure S6 and the movies SM-A1l. The simulations show that

the RP phase has a stable minimum on the potential energy surface, in contrast to the DJ structure.
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Figure S6. Structural changes of the A,Pbl, system (n = 1 composition) with increasing temperature. Lead (Pb?*)
ions are shown with golden spheres, while iodide (I7) ions are displayed with pink spheres. Pb—I octahedra are
shown in golden. Spacer A = ADAM and FA ions are illustrated with a ball-and-stick model. Images are

generated with the VMD software.X% f) is the side view of e) at 298 K, while d) is taken at 150 K.
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Furthermore, we also found that the temperature has a significant effect on other structural
properties (Figure S7). We show the evolution of the structure with the increase in temperature
(Figure S6). We observe that there is a transition in the conformation of the spacer (e.g. from
Figure S6d to Figure S6e). We find that the spacers are well aligned parallel to each other at lower
temperatures (for instance, at 150 K shown in Figure S6d). However, at higher temperature (for
instance, 298 K in Figure S6e) the carbocyclic core and the ammonium termini start to rotate around
the backbone of the spacer (Figure S6f). These rotations can also be seen in the supplementary
movies (SM-A1l). For a quantitative assessment, we have calculated the angular autocorrelation

function (ACF) of the orientation of spacer ADAM (v"(t) - v*(0O){(v" = ("r = rs)/(Ireg = 1)) based on

the equation (1)
IRQERN
ACF(tg) = (9(©.9(0)) = 7 2> il +t). %i(6) (1)
i=1 6=1

where"rcS and"rc3 are positions of atoms C8 and C3 of the spacer A (as depicted in Figure S7).
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Figure S7. Time dependent autocorrelation function of the unit C3—C8 vectors of the spacer A. Image displays
the decay of the ACF at different temperatures: 300 K, 350 K and 400 K for n = 1 compositions.

Importantly, the rotational times of the spacer are of the order of ns, which is in qualitative
agreement with the time scale of the spacer dynamics observed in the NMR studies.®! Similar
simulations were performed for n=2, n=3 and n =4 with comparable findings, i.e. that the most
stable phase is an RP configuration, as expected (supplementary movies SM-A2, SM-A3 and SM-A4).

Supplementary movies are deposited on Zenodo (doi.org/10.5281/zenodo.3982321).
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$3.3. Analysis of ADA-based Perovskite Systems

To assess the role of the methylene linker in the ADAM-based systems, we also analyse the
properties of the 2D systems based on 1-adamantylammonium (ADA) spacers. We follow a similar
procedure as described in the previous subsection. We start from an initial DJ geometry and find that
the structure changes to RP as the stable phase (shown in supplementary movie SM-A1). Structural
differences between ADAM (A) and ADA (A’) systems are apparent - there is a significant mutual tilt
between adjacent Pb-I octahedra with A’ that is either absent or less pronounced for spacer A. This
behaviour has also been observed in other studies of rigid spacers. Furthermore, due to the higher

rigidity of spacer A’, the orientation of the spacer is more random (as shown in Figure S8).

KEEPEEEE  amama

Figure S8. Comparison of equilibrated structures for ADAM (left) and ADA (right) layered perovskites (n =1).
Lead (Pb?*) ions are shown with golden spheres, while iodide (I7) ions are displayed with pink spheres. Pb—I
octahedra are shown in gold. Spacer ADAM and formamidinium (FA) ions are illustrated with a ball-and-stick
model. Images are generated with VMD.
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S4. DFT Calculations
S4.1. Methods

Ab initio calculations based on the Generalized Gradient Approximation (GGA) of Density Functional
Theory (DFT) for A;FAn.1Pbnlsnes and A’2FAL1Pbnlsnes (0 = 1, 2 and 3) were performed using the
Quantum Espresso package.*!! The Perdew—Burke—Ernzerhof functional revised for solids (PBEsol)!*?
was selected, which has shown to well reproduce measured electronic and structural properties of
RP phases, such as the recently reported AVA;MA,1Pblsn:1 systems. 34 Dispersion interactions
were taken into account by applying the empirical D2 dispersion correction in order to obtain
structural properties (reported in Table S1).**! To calculate the band gaps, we employed a higher
level of theory by applying the PBEO functional together with incorporating spin-orbit coupling (SOC)
effects.[**”! Valence-core electron interactions were modelled via ultrasoft pseudopotentials with a
plane wave basis set of 40 Ry kinetic energy cutoff for the wavefunction and 280 Ry for the density.
The Brillouin zone was sampled by a 2x2x1 k-point grid for all cases. A finite temperature (FT)
analysis was carried out by performing 5 ps of constant volume (NVT) Born-Oppenheimer molecular
dynamics (MD) for A,Pbls and A’,Pbl,, excluding the first 1 ps of equilibration. The initial temperature
was set to 300 K and was controlled by the velocity rescaling thermostat implemented in Quantum
Espresso.l*Y) The same Brillouin zone sampling as in the static calculations was adopted for MD
simulations. Charge carrier effective masses were calculated using our in-house code.™ Formation
energies were calculated by comparing the enthalpic contributions to free energy of the products

(A2FAL1Pbplsnes and A’FAL1Pbylsnss for n = 1-3) and the reactants (Pbl,, FAI, and Al/A’I).

$4.2. Structural Properties

To characterize the structural templating role of A and A’ (Figure S9), we probed the penetration
depths of the spacers into the inorganic slabs, which we recently reported as an indicator of

octahedral tilting in RP and DJ phases of AVA;MA,.1Pbylzn:1 (Tables $3—54).113-1419]
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Figure S9. DFT (PBEsol)-optimized structures of A,Pbl, (left) and A’,Pbl, (right). Definition of some characteristic
structural parameters: di, d;, o and vy are indicated. The stacking of spacers is highlighted in the zoomed-in
inset below.

Table S3. Characteristic structural features of PBEsol-optimized A;FAq.1Pbnlsnsa for n = 1, 2 and 3. Octahedral
tilting angles were measured with respect to two in-plane and one out-of-plane directions. Distances are given
in A. Dihedral angles of octahedral tilting angles and corresponding standard deviations are given in degrees.
Values for d; for PBEsol + D2-optimized structures are given in brackets.

n | Octahedral Tilting (°) | N-Pb (A) N-1 (A) di(A) d»(A) al’)

1233+ 1.0,

+
121.9+9.1, - 2.8 4.0 19.0 (18.2) 6.1 55.5+10.1

115.4+4.5,
2 1143 4.8, 2.8 3.9 19.8 (17.7) 6.1 554+73
94.4+14.2

105.2+10.7,
3 103.4+11.2, 24 3.9 18.5(17.7) 6.4 61.7+9.7
90.7+8.3

Table S4. Characteristic structural features of A’;FAn.1Pbnlsne for n = 1,2 and 3. Octahedral tilting angles were
measured with respect to two in-plane and one out-of-plane directions. Distances are given in A. Dihedral
angles of octahedral tilting angles and corresponding standard deviations are given in degrees.

n | Octahedral Tilting (°) | N-Pb (A) N-1(A) di(A) da(A)
108.6 £ 15.4,
1 1043 +7.7, - 3.0 3.9 17.9 6.5

90.8+10.0,93.4+

2 11.4,89.1+12.5 2.8 4.0 16.9 6.4
96.0+8.7,

3 98.316.9, 28 4.0 186 o
91.8+13.1
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$4.3. Electronic Properties

Electronic properties for the n = 1- 3 compositions of the RP phases of A;FAs.1Pbqlzniiand A’>FA,.

1Pbnlsns systems were calculated at PBEO level including SOC effects (Tables S5-S6).

Table S5. Calculated band gaps (PBE0+SOC level) and hole/electron effective masses of AyFAn1Pbnlanss (1 =1-3).

n Band gap (eV) Mhyxx / Mexx Mh,yy / Me,yy Mh,zz [ Meyz2
1 2.83,2.4* 0.39/0.13 0.44/0.16 49 /28
2 2.42 0.32/0.12 0.33/3.14 31/79
3 1.98 0.19/0.10 0.19/0.73 13/6.7

The asterisk indicates the experimental value.

Table S6. Calculated band gaps (PBE0+SOC level) and hole/electron effective masses of A’;FAn.1Pbql3ns (1=1-3).

n Band gap (eV) Mhyxx / Meyxx Mh,yy / Meyyy Mh,zz [ Meyz2
1 3.25 0.46/0.19 6.22/7.34 106 /15
2 2.21 0.34/0.14 0.52/0.58 35/3.3
3 2.07 0.22/0.10 0.23/0.99 26/2.4

$4.4. Finite Temperature Properties

In order to assess the dynamics and thermo-structural stability of the organic-inorganic layered

perovskite frameworks, we performed 5 ps of first-principles (DFT-based) Born-Oppenheimer

molecular dynamics simulation of A;Pbls; and A’;Pbls (Figures S10-S11).
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Figure S10. Penetration depth distribution of the N~Pb distance for A,Pbl, (left) and A’;Pbl, (right).
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$4.5. Stability

To assess the stability of A;FAn1Pbnlzna and A’>FAn1Pbnlsnss (0 = 1-3) representatives, we have
calculated the corresponding formation enthalpies with respect to the reactants (Pbl,, FAI, and
Al/A’l). The results are represented in Figure S12.
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Figure S12. Formation energies of (a) A2FAn-1Pbnlsn+1 and (b) A’2FAL.1Pbylsne (n = 1-3).

S5. Time Resolved Microwave Conductivity Measurements

S$5.1. Methods

Time-resolved microwave conductivity (TRMC) measurements were used to probe changes in
conductivity of layered hybrid perovskites by using high frequency microwaves after the excitation by
either high energy electron pulse or a laser.”?” The generated free charge carriers absorb part of the
microwave power and the fraction of the incoming microwave power absorbed by the sample (AG) is
proportional to the change in conductivity of the material (Aog), which is defined as the product of
charge mobility (#) and quantum yield of free charge carrier formation (¢). Therefore, from the
maximum change in conductivity (Aomax), mobility (1) and quantum vyield of free charge carrier
formation (@) can be obtained. The relative mobility of charge carriers was estimated by pulse-
radiolysis TRMC. The samples prepared by mechanosynthesis were irradiated with short pulses of 3
MeV electrons from a Van de Graaff accelerator. TRMC upon laser photoexcitation under conditions
specified in the corresponding figure captions was used to analyse thin films of approximately
200 nm thickness of the layered perovskite materials based on different composition (n = 1-3).

$5.2 Supplementary Spectral Data
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Figure S13. Charge carrier dynamics in A;FAn-1Pbnlsq.1 perovskite powders of n = 1-3 compositions. Evolution of
the conductivity as a function of pulse length at 293 K. The initial concentration of charge carriers is found to be
in the order of 10 to 10% cm3,
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Figure S14. Normalized conductivity in A;FA,-1Pbnlsne perovskite powders for various n = 1-3 compositions
over time at (a) 1 ns pulse length (293 K) and (b) 0.5 ns pulse length (213 K).
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Figure S15. Evolution of conductivity in A;FA,-1Pbnlsns perovskite powders for n = 1-3 compositions over time
at various pulse lengths (ns) at (a—c) 213 K and (d—f) 153 K. The initial concentration of charge carriers is found
to be in the order of 10%* to 10% cm3.
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Figure S16. Charge carrier dynamics in A;FA,-1Pbnlsn. perovskite powders of n = 1-3 compositions. Evolution of
conductivity as a function of temperature (153 K, 213 K, and 293 K) at 1 ns pulse length. The initial
concentration of charge carriers is found to be in the order of 10%* to 10 cm?3.

14/16



Il 1 1

a) 204 |
g 151
n
£
<
2 104
X
g
54
0

—— 8.27038e+08
2.73877e+09
— 6.30734e+09
2.96310e+10
— 6.82395e+10 -

PR e
1) T T A

N

1.0
Time (us)

— 1.40597e+09
~—— 4.65592e+09
~—— 1.07225e+10
— 5.03727e+10
— 1.16007e+11

T T T
0 200 400
Time (ns)

T
600

Figure S17. Evolution of photoconductivity of FAPbl; prepared by (a) solution deposition and (b) evaporation
over time as a function of photon intensity (cm™) at 293 K upon laser excitation at 650 nm.

Acl(BelgF,) (emf(Vs))

=] =} o
= e N
=) [ o
L L L

n=1

Excited at 500 nm

Photon Intensity (1/cm” )

—— 3.39854e+10

— 9.82605e+10

— 2.93149e+11
9.90705e+11
3.04514e+12
6.11383e+12

—— 2.06618e+13

6.35086e+13

—— 1.8362e+14

100 200 300 400
Time (ns)
b) 0.6
n=2
Excited at 554nm
0.5 | )
Photon Intensity (1.r'cm£ )
- — 2.16315e+10
’>vT 0.4 — 6.04276e+10
= 1.85272e+11
“5 6.38992e+11
= 034 1.97349e+12
= —— 3.6647%+12
'3 — 1.26396e+13
= —— 3.90368e+13
5 0.2+ —— 1.0904%+14
|
| ﬁg“ , ; }
Vi ™
0.1 YT ar r]& I
/M ’
'!" CIp Pt f
0.0 :
0 200 400 600 800
Time (ns)
10
C) n=3
I Excited at rzznm
8] i I ,
= Photon Intensity (1/cm )
v —— 5,77485e+09
e —— 1.78111e+10
“e 6 —— 4.76445e+10
S 1.50632e+11
= 5.28146e+11 m
= | —— 1.62899e+12
& 49 | — 2695160412
B 9.44975e+12
= ! —— 2.91483e+13
Al
0

0

T T T T
200 400 600 800
Time (ns)

d) 1.0
n=1
0.8 - Excited at 500 nm
: Photon Intensity (J-'cmg)
= —— 3.39854e+10
Y o064 —— 9.82605e+10
3 2.9314%e+11
g 9.90705e+11
e 3.04514e+12
3 . 6.11383e+12
g 04 —— 2.06618e+13
g [ — 6.35086e+13
5 — 1.8362e+14
Z 0.2 — 5.4781e+14
0.0 —23
0 100 200 300 400
Time (ns)
1.0
e) n=2
Excited at 554nm
0.8

Normalized Ao/(BelsF,) (a.u.)

Photon Intensity (1."cm/ )
— 2.16315e+10
6.04276e+10
—— 1.85272e+11
6.38992e+11
1.97349e+12
— 3.66479%e+12
— 1.26396e+13
3.90368e+13

0 200 400 600 800
Time (ns)
1.0 475
f) n=3
Excited at $22nm
0.8+
]
3
< ) |
‘% 0.6 — ﬂ#“ U
[ Photon Intensity (1»‘cm£_)
4] 5.77465e+09 1"
2 — 1.78111e+10 ]
.g 0.4 4.76445e+10 g‘*\
= 1.50632e+11
E 5.28146e+11 t
s 1.6289%e+12
0.2 H — 2.69516e+12
— 9.44975e+12
— 2.91463e+13
00 'u T T T T
0 200 400 600 800
Time (ns)

Figure S18. Evolution of photoconductivity in A;FA,—1Pbnlsn. perovskite films of n = 1-3 compositions over time
upon excitation by various photon intensities (cm™) at 293 K for (a) n = 1 (excitation at 500 nm), (b) n = 2
(excitation at 567 nm), and (c) n = 3 (excitation at 622 nm) compositions. (d—f) Normalized transients.
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