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Table S1. Total energy, band gap and total energy per unit cell for supercells consisting of

different configurations of Cs/FA monovalent cations inside the supercell.

Structure | Bandgap (eV) | total energy (Ry) | Total Energy (eV) | Energy per unit cell
11 1.70 -11116.122403 -151179.2646 -47(2?252
12 1.71 -11116.130571 -151179.3757 -4724.355
13 1.71 -11116.131741 -151179.3916 -4724.355
1 4 1.71 -11116.164076 -151179.8314 -4724.369
15 1.71 -11116.129746 -151179.3645 -4724.355
21 1.71 -11116.133767 -151179.4192 -4724.356
22 1.71 -11116.126300 -151179.3176 -4724.353
23 1.70 -11116.180776 -151180.0585 -4724.376
2 4 1.71 -11116.134188 -151179.4249 -4724.357
31 1.71 -11116.134551 -151179.4299 -4724.357
32 1.72 -11116.134237 -151179.4256 -4724.357
42 1.70 -11116.126110 -151179.3151 -4724.353
6 1 1.70 -11116.132041 -151179.3957 -4724.356
71 1.70 -11116.199515 -151180.3134 -4724.384
10 1 1.72 -11116.137569 -151179.4709 -4724.358
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Fig. S1 Schematics of different structures (before relaxation) are presented here. Cyan, Purple,
Brown, Blue and White atoms correspond to Cs, Pb, C, N and H atoms respectively. The
supercells are visualized inside view (right) and top views(left).



Py Orbitals_lodine

a)a,s 1

3,0 9

2,5 9

0 0,2 04 0,6 0,8 1 1,2 14 1,6 1,8
Energy (eV)

Px Orbitals_ lodine

VB Edge

0 0,2 04 0,6 0,8 1 1,2 14 16 1,8
Energy (eV)
c)
b Pb pz Orbitals
1,0
08 | —pz173
7)) —Pz318
8 06 CB Edge
Q.
04 4
0,2 4
0,0
0 1 2 3 4 5 3 7 8 9
Energy (eV)

Fig. S2 Partial density of states for (a) Py orbitals, (b) Px orbitals of different iodine atoms
(marked in Figure S4), and (c) Pz orbitals of different lead atoms in the lattice. Valence and
conduction band edges are marked in the figure.
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Fig. S3 Partial density of states for (a) iodine atoms in Bulk FAPbI3 Px and Py orbitals, (b)
lead atoms Pz orbitals, and (¢) the corresponding total DOS. The corresponding atoms are
marked in Figure S4.
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Fig. S4 Labelling the atoms in the lattice of (a) mixed CsFAPDbI3 and (b) bulk FAPbI3
perovskites. The same labelling is used for Figures S2 and S3



Table S2: Comparison of DFT-calculated parameters for mixed cation perovskites compared
to monovalent cation perovskites and their impact on device performance

Parameter/Quantity Percentage of difference Possible impact on device
performance

Effective mass of 400-1400% (current study) Faster transport time, higher
carriers fill factor (FF)

Energy barriers of
ionic movement

12-78% !

Lower hysteresis, higher
stability, higher FF

Excited state lifetime

One order of magnitude lower 2

higher possible hot carrier

of carriers lifetime, higher current,
PCE and FF
Light absorption Not quantified * Higher Jsc and PCE
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