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1 Introduction

In this electronic supporting information, we report the definition for the structural pa-
rameters, computational convergence calculations, and additional data for all the studied
systems and properties. Furthermore, additional information can be obtained directly with

the authors by e-mail.

2 Structural, Energetic and Optical Parameters Defi-
nitions

The tin effective coordination number was obtained by the following equation,

e | s
ECN®» = Zexp [1 - (di”> ] : d, = (1)
; i |

where d;; is the Sn—I bond-length of octahedra, d, a weighted average bond length, and
dpmin the shortest Sn—1I bond lenght of octahedron.

The cohesive energy was achieved by the following equation,

E(ASHI?,(S)) — Z VEX (2)
7 )

Ecoh =

where Fy indicates the total energy in eV /atom of each v free atom X contained in the

ASnl3 bulk with Z formula-unit per cell.
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The absorption coefficient, a(w), was obtained by the following equation,

o) = Y22 [ f g -] ®

where, w represent the incident photon frequency, ¢ is the speed of light, while e and €2

represent, respectively, the real and imaginary parts of the dielectric function.
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3 Computational Convergence Tests
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Figure S1 Orientation of the organic cation C—N bond in the cage formed by octahe-
dra.

S5



1.2 1.0
{ o
0.0 - 004 = -
_a2d L o4 e—e 2 NBANDS=32 |
S S e—e b NBANDS =32
= e—e NBANDS =32 o _
< 254 NBANDS=50 | < 204 €, NBANDS =32 1
a, NBANDS =50
is 0 b, NBANDS = 50
- g | +— ¢, NBANDS =50
5.0 ! 4.0
0.32 20
0 '/\\“O— -
0.24 ./.\” ———} ’
4 ;\3 20 -
Q S’
@) a
0.16 - - % 40 4 L
60 - |
0.08 B
T L] L] T T L] _80 L] T T T T L]
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Kpoints density Kpoints density

Figure S2 PBE results for CH3NH3Snl3 volume, lattice parameters, and cubic devia-
tion in relation to the highest kpoints density.
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Figure S3 PBE results for CH3NH3Snl3 relative total energy to the energy of highest
k-points density.
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Table S1 Cubic CH3NHj3SnlI3 perovskites: k points density (KD), k-points mesh (KM),
number of k-points (NK), volume (V), cubic volume (aj), lattice parameters (ao, by, by),
cubic deviation (CD) and the relative deviation (considering all significant numbers)
of aforementioned parameters in relation to the highest k-points density.

1-16 KD KM NK A\ AV a(c) ACLS CD ACD ap A(lo bo Abo Co ACO
3

A) B A B N R A R A (R A (%)

10 1x2x1 2 24266 —848 6.24 —291 196 71591 598 —10.60 6.79 4.90 597 7.98

20 3x3x3 10 253.05 —4.56 6.33 —1.54 0.08 —68.33 6.30 —3.15 6.30 —0.57 6.38 —0.88

230 5x5x5 39 26337 —-0.67 641 —0.22 023 —-6.46 649 —0.30 6.33 —0.05 6.41 —0.31
U“) 40 6x6x6 80 267.32 0.82 644 0.27 0.26 8.78 6.53 038 6.35 0.28 6.44 0.17
a 50 8§x8x8 170 266.36 0.46 6.43 0.15 0.25 3.92 6.52 0.20 6.35 0.16 6.44 0.10
<Z: 60 9x9x9 205 265.80 0.25 6.43 0.08 0.25 2.12 6.51 0.11 6.35 0.14 6.43 0.00
% 70 11 x 11 x 11 366 265.51 0.14 6.43 0.05 0.24 0.31 6.51 0.05 6.35 0.18 6.43 —0.09

80 12 x 13 x 12 518 265.14 0.00 6.42 0.00 0.24 0.00 6.50 0.00 6.34 0.00 6.43 0.00

10 1x2x1 2 24267 —831 6.24 —2.85 0.81 237.31 598 —8.05 6.78 7.04 598 —6.84
2 20 3x3x3 10 253.27 —4.31 6.33 —1.46 0.16 —34.30 6.29 —-3.19 6.31 —-0.47 6.38 —0.68
I 30 9x5x5 39 26283 —0.70 641 —0.23 0.21 —-11.54 648 —0.37 6.33 —0.11 6.41 —0.22
w40 6x6x6 80 267.07 091 644 0.30 0.25 3.66 6.52 0.34 6.35 0.26 6.44 0.30
% 50 8§x8x 8 170 266.09 0.54 6.43 0.18 0.25 3.44 6.52 0.22 6.34 0.10 6.44 0.21
E 60 9x9x9 205 265.69 0.39 643 0.13 0.25 3.57 6.51 0.17 6.35 0.14 6.43 0.07
Z 70 11 x11x11 366 266.45 0.67 6.43 0.25 0.25 4.55 6.52 0.28 6.35 0.20 6.44 0.19

80 12 x 13 x 12 518 264.67 0.00 6.42 0.00 0.24 0.00 6.50 0.00 6.34 0.00 6.42 0.00

Table S3 Orthorhombic hybrid CH3NH3Snl3 perovskites optimization: k-points den-
sity (KD), k-points mesh (KM), Number of k-points (NK), volume (V), lattice pa-
rameters (ao, by, bp), and the relative deviation (considering all significant numbers) of
aforementioned parameters in relation to the highest k-pints density.

KD KM NK \% AV ao Aag bo Abg Co Acy

(A7) (%) (A) (%) A (%) (A) (%)
10 1x1x1 1 1025.71 3.49 9.29 1.23 13.27 4.87 8.32 —2.52
20 2% 2x2 8 996.53 0.54 9.17 —0.08 12.70 0.42 8.55 0.19
30 3x2x4 12 993.22 0.21 9.18 —-0.03 12.69 0.31 8.53 —0.07
40 4x3x5 18 991.50 0.04 9.17 —0.07 12.66 0.09 8.54 0.02
50 5x4x6 36 991.01 —0.01 9.18 0.06 12.66 0.09 8.52 —0.16
60 TX5x7 48 991.13 0.00 9.18 0.00 12.65 0.00 8.54 0.00
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Table S2 Cubic hybrid CH3NH3Snl3 perovskites optimization: relative total energy,
AFE:,, average, df\i > and standard deviation (oI]\i y) of stronger hydrogen bond of
—NH;" group, average (d¢ ;;) and standard deviation (o ) of stronger hydrogen
bond of —CHjs group, difference of the average hydrogen bonds of —-NH3T™ and —CHs,
Ad_p, effective coordination number, ECNS?, average, dgg’I, and standard deviation
of Sn—1I bond lengths, 057!, octahedra diagonal I-Sn—1I angle, ©, and standard devia-
tion, ¢©, adjacent I-Sn—I angle, 6, and standard deviation, ¢/, distortion index (DI),
and bond angle variance (BAV).

KD AEy Ay oy d%y 0%y Adpg | ECNS o 50T e o° & o DI BAV
A7) mev) A) (A) A) A)  A)|NNN) (A) (A) (deg) (deg) (deg) (deg) - (deg.)?
~ 10 —2452.15 2.82 0.29 3.24 0.25 043 522 3.13 021 178.27 2.03 90.00 1.25 0.06  1.56
720 ~134.90 2.69 0.06 3.41 0.01 0.72| 591 3.16 0.07 17570 0.96 89.99 228 0.02 521
@ 30 —-11.31 2.69 0.06 3.53 0.03 0.84| 5.05 3.21 0.21 171.69 4.14 89.85 4.70 0.05 22.09
=0 560 2.69 0.08 3.52 0.10 0.83] 4.76 3.23 024 171.11 4.69 89.82 5.07 0.06 25.77
3 50 1.69 2.68 0.08 3.52 0.10 0.83| 4.84 323 0.23 171.27 4.27 89.84 4.93 0.05 24.30
“ 60 0.43 2.69 0.07 3.52 0.08 0.84| 4.8% 3.23 023 171.25 420 89.84 4.93 0.05 24.30
70 1.05 2.69 0.07 3.51 0.08 0.82| 4.88 322 0.23 171.23 4.36 89.83 4.96 0.05 24.63
80 0.00 2.69 0.06 3.55 0.05 0.86| 491 3.22 023 171.03 4.08 89.83 5.02 0.05 25.18
10 —2463.64 2.79 0.27 3.27 0.27 048] 523 3.13 021 17740 3.15 90.01 1.91 0.06  3.64
= 20 ~134.85 2.69 0.06 3.41 0.01 0.72| 592 3.17 0.06 17598 0.66 89.99 2.12 0.02  4.48
30 —~11.93 2.69 0.06 3.53 0.03 0.84| 509 3.21 0.20 171.55 4.11 89.85 4.76 0.04 22.66
w40 535 2.69 0.08 3.51 0.11 0.82| 4.77 323 024 170.92 450 89.82 5.13 0.06 26.39
2 50 0.96 2.69 0.07 3.53 0.08 0.84| 4.84 3.23 023 170.78 4.38 89.82 5.18 0.05 26.90
5 60 0.36 2.69 0.08 3.53 0.07 0.83| 4.88 3.23 023 171.29 4.41 89.83 4.94 0.05 24.41
Z 70 149 2.69 0.08 3.50 0.11 0.81| 4.83 323 0.23 17143 4.41 89.84 4.87 0.05 23.76
80 0.00 2.69 0.06 3.52 0.06 0.83| 4.95 3.22 022 170.89 4.09 89.84 5.08 0.05 25.79
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Table S4 Orthorhombic hybrid CH3NH3Snls perovskites optimization: relative to-
tal energy (AFE;.), average (d¥ ;;) and standard deviation (o{" ;) of stronger hydrogen
bond of ~NH3*" group, average (d¢ ;;) and standard deviation (¢ };) of stronger hy-
drogen bond of —CHg group, difference of the average hydrogen bonds of —-NH3z' and
—CH3 (Ad;_p), octahedra effective coordination number (ECNS?), average (d5"~!) and
standard deviation of Sn—1I bond lengths (¢°"1), octahedra diagonal I-Sn—1I angle (
©) and standard deviation (¢®), octahedra adjacent I-Sn—1I angle () and standard
deviation (¢?), distortion index (DI), and bond angle variance (BAV).

KD  AEu d¥y oy d¥y oFy Adpy|ECNS @51 g5 g 4° 9 o’ DI BAV
A7) (mev) A) (A) A) (A)  (A)|(NNN) (A) (A) (deg) (deg) (deg.) (deg) - (deg)?

~—

© 10 2718.66 2.68 0.07 3.16 0.02 0.47| 599 3.32 0.02 180.00 0.00 90.00 8.09 0.00 59.47
?20 166.40 2.64 0.01 3.23 0.13 0.60| 6.00 3.21 0.01 180.00 0.00 90.00 2.74 0.00 6.82
o 30 51.41 2.65 0.01 3.25 0.12 0.60| 6.00 3.20 0.01 180.00 0.00 90.00 2.77 0.00  6.98
% 40 5.57 2.65 0.02 3.24 0.13 0.59| 6.00 3.20 0.01 180.00 0.00 90.00 2.62 0.00 6.24
é 50 1.14 2.66 0.01 3.24 0.11 0.58| 6.00 3.20 0.01 180.00 0.00 90.00 2.68 0.00  6.55
Z 60 0.00 2.66 0.00 3.25 0.11 0.59| 6.00 3.20 0.01 180.00 0.00 90.00 2.61 0.00  6.20

Table S5 ENCUT analysis (NBANDS default) for cubic hybrid CH3NH3SnlI3; per-
ovskites optimization: k-points mesh (KM), Number of k-points (NK), volume (V),
cubic volume (af), lattice parameters (ao,bo,bo), relative total energy (AEjy), cubic
deviation (CD) and the relative deviation of aforementioned parameters in relation to
the highest k-pints density.

ENCUT KM NK V. AV af Aaj CD ACD ay Aay by Aby ¢ Acg
(eV) A % A % A %A % A% A %
421 6 x6x6 80 243.05 —9.13 6.24 —3.10 0.07 —73.07 6.25 —4.29 6.20 —2.36 6.27 —2.79
526 6 x6x6 80 260.09 —2.76 6.38 —0.93 0.15 —42.31 6.43 —1.53 6.32 —0.47 6.39 —0.93
631 6 x6x6 80 263.33 —1.55 6.41 —0.46 0.24 —-0.08 6.49 —0.61 6.33 —0.31 6.41 —0.06
737 6 x6x6 80 266.25 —0.46 6.43 —0.16 0.26 0.00 6.52 —0.15 6.35 0.00 6.43 —0.31
842 6 x6x6 80 267.32 —0.06 6.44 0.00 0.27 3.85 6.53 0.00 6.35 0.00 6.44 —0.16
947 6 x6x6 80 268.21 0.27 6.45 0.16 0.28 7.69 6.54 0.15 6.36 0.16 6.45 0.00
1053 6 x 6 x6 80 26748 0.00 6.44 0.00 0.26 0.00 6.53 0.00 6.35 0.00 6.45 0.00
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Table S6 ENCUT test (NBANDS default) for cubic hybrid CH3NHj3Snl3 perovskites
optimization: relative total energy (AE:.), average (dV ) and standard deviation
(o) of stronger hydrogen bond of —NH3™" group, average (d ;;) and standard de-
viation (O’ICL ) of stronger hydrogen bond of —CHj group, difference of the average
hydrogen bonds of —-NH3" and —CHjs (Ad;_p), octahedra effective coordination num-
ber (ECNS"), average (d?~!) and standard deviation of Sn—I bond lengths (5"~ 71),
octahedra diagonal I-Sn—1I angle ( ©) and standard deviation (¢©), octahedra adja-
cent I-Sn—1I angle (/) and standard deviation ( ¢”), distortion index (DI), and bond
angle variance (BAV).

ENCUT AFE, dYy oy d¥y of i Adp_y | ECNS® @S-l gSn-l e o° 0 o' DI BAV
(meV) (A) (A) (A) (A) (A)|(NNN) (A) (A) (deg) (deg) (deg) (deg.) - (deg)’
421 208.83 2.67 0.01 3.30 0.02 0.63 5.78 3.13 0.10 171.20 240 89.94 4.71 0.02 22.23
526 36.98 2.68 0.07 3.47 0.05 0.79 5.15 3.20 0.19 171.29 4.01 89.85 4.87 0.04 23.75
631 10.70 2.69 0.06 3.53 0.04 0.84| 499 3.22 0.22 170.87 4.10 89.83 5.09 0.05 25.98
737 4.73 2.69 0.09 349 0.11 0.81 499 322 0.22 171.15 4.65 89.82 5.05 0.05 25.98
842 2.08 2.69 0.08 3.52 0.10 0.83| 4.76 3.23 0.24 171.11 4.69 89.82 5.07 0.06 25.77
947 1.93 269 0.09 3.51 0.12 0.82] 4.69 3.24 0.25 171.28 4.86 89.81 5.02 0.06 25.27
1053 0.00 2.69 0.08 3.53 0.10 0.84 475 3.23 0.24 171.07 4.34 89.82 5.04 0.06 25.40
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Figure S4 Cubic deviation, relative volume, and relative total energy as a function of
cutoff energy.
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4 Lowest Energy ASnl; Perovskites

Table S7 Structural parameters of the lowest energy of ASnls perovskites: average
(div_/g) and standard deviation (UI]Y}]ID) of stronger hydrogen bond of ~-NH,1T/-PH3™"
group, average (df ;;) and standard deviation (o) of stronger hydrogen bond of
—CHj3 group, difference of the average hydrogen bonds of —-NH, " /-PH3zt and —CH3

(Ad_y), octahedra effective coordination number (ECNS?), average (d

Sn—I
av

) and stan-

dard deviation of Sn—1I bond lengths (¢5"~!), octahedra diagonal I-Sn—1I angle ( ©) and
standard deviation (¢®), octahedra adjacent I-Sn—TI angle (¢) and standard deviation

(¢?), distortion index (DI), and bond angle variance (BAV).
Fase dpy opy dYy ofy Adpg|NCES™  gNCE @St St e o° 9 o ID VAL
A A ) A) (A wN) (NWN) (A) (A) (deg) (deg) (deg.) (deg) (%) (deg.)’
CI 271 0.06 332 0.04 061 575 0.00 3.14 0.10 171.05 1.81 89.95 4.74 193 22.50
—~ PC 2,71 0.07 3.52 040 0.81 5.70 0.00 3.14 0.12 170.75 2.66 89.93 497 237 24.67
g ORC 2.61 0.06 3.12 0.03 0.51 6.00 0.00 3.16 0.01 180.00 0.00 90.00 246 0.21 6.03
= TETR 2.65 0.03 3.18 0.10 0.54 6.00 0.00 3.16 0.01 180.00 0.00 90.00 2.61 0.24 6.79
PH 273 015 324 0.07 0.1 5.89 0.08 3.20 0.07 176.81 1.79 89.99 338 149 11.95
CI 293 033 312 027 0.19 562  0.00 3.17 0.13 174.75 2.75 89.94 298 3.33 8.90
—= PC 294 033 3.13 028 0.19 5.53 0.00 3.18 0.15 174.68 4.71 8991 343 297 11.79
glj ORC  3.02 0.08 320 0.04 0.18 576  0.08 3.17 0.10 175.13 218 89.95 3.79 259 15.36
= TETR 3.05 0.02 3.09 0.02 0.04 6.00 0.00 3.16 0.06 180.00 0.00 90.00 1.40 0.33 1.97
PH 289 0.20 317 023 0.28 591  0.04 320 0.06 176.84 1.02 90.07 291 1.75 9.06
CI 278 022 328 0.00 0.50 549  0.00 3.18 0.15 171.13 1.52 90.00 4.67 397 21.85
= PC 281 0.24 322 0.00 041 5.21 0.00 3.19 0.21 169.93 298 89.93 541 434 29.27
& ORC 277 0.06 311 000 0.35 522 0.00 319 0.20 171.63 6.95 89.85 6.94 490 48.19
E TETR 3.23 0.27 3.22 0.00 —0.01 5.97 0.00 3.14 0.04 176.69 2.88 90.04 212 0.98 4.50
PH 288 0.11 3.15 0.01 027 573 019 3.20 0.11 175.72 2.60 90.00 4.99 288 26.07
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MASnNI; perovskites
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Figure S5 M ASnl3 perovskites: X—H and C—N bond lengths of A-cation, and distance
from C/N to iodide of inorganic-framework.
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MPSnl; perovskites
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Figure S6 MPSnl3 perovskites: X—H and C—P bond lengths of A-cation, and distance
from C/P to iodide of inorganic-framework.
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FASnl; perovskites
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Figure S7 FASnl3 perovskites: X—H and C—N bond lengths of A-cation, and distance
from C/N to iodide of inorganic-framework.
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Figure S8 Relative energy versus all H---I distances and angles (CHI and PHI) of cubic
and pseudo-cubic MPSnl3 perovskites in a cutoff radius of 3.5 A.
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Figure S9 Relative energy versus all H---I distances and angles (CHI and PHI) of
orthorhombic and tetragonal MPSnl3 perovskites in a cutoff radius of 3.5 A.
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Figure S10 Relative energy versus all H---I distances and angles (CHI and PHI) of
hexagonal and pseudo-hexagonal MPSnl3 perovskites in a cutoff radius of 3.5 A.
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Figure S11 Relative energy versus all H---I distances and angles (CHI and NHI) of
cubic and pseudo-cubic MASnI3 perovskites in a cutoff radius of 3.5 A.

S18



(a) Orthorhombic

0 H from CH; moieties € H from NHX moieties

3.6
A34—_§! i‘i‘; ; g ‘ 00 : —
<324 3¢ :
g 3.0—- o ¢ 2
= . ¢ 3 L S 2 i
T 28 o o ® [
2.6-:¢§ “ o§‘§ o g8 § o ¢ s
24 ——T—
. ;CHI QNHI l . l . l .
B * 3 ® % ¢ [
160 g ’ ‘ ’ ‘ ¢ 3 o® s [
cw % ‘ §3 s o8 ¢
= 1 8 0 ‘ 8 * 8 I
<1200 o @ ‘ 2 ® $ N
100 - ’! M o * o
80 — T T T " T T T

0 25 50 75 100
Relative Total Energy (meV/f.u.)

(b) Tetragonal

@ H from CH; moieties € H from NH; moieties

gl L1
34 ® ; ; " if .
o§3>.2—- DS ;’ “ __
T e e se ey O, T
Z 287 $ o, o N
6] : $‘§ $ ¢ ]

24 =T I L

L I T B
e g % $s % o
160 — B
6140—-’ 2 § ¢ :‘ ‘: _
= 7] . [
= ]e § ¢8R o
100_-‘ ‘ ; § 0’ " -_
- ” o

80 T T T

S —

25 50 75 100 125
Relative Total Energy (meV/f.u.)

Figure S12 Relative energy versus all H---I distances and angles (CHI and NHI) of
orthorhombic and tetragonal MASnl3 perovskites in a cutoff radius of 3.5 A.
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Figure S13 Relative energy versus all H---I distances and angles (CHI and NHI) of
hexagonal and pseudo-hexagonal MASnlI; perovskites in a cutoff radius of 3.5 A.
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Figure S14 Relative energy versus all H---I distances and angles (CHI and NHI) of
cubic and pseudo-cubic FASnlI; perovskites in a cutoff radius of 3.5 A.
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Figure S15 Relative energy versus all H---I distances and angles (CHI and NHI) of
orthorhombic and tetragonal FASnI3 perovskites in a cutoff radius of 3.5 A.
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Figure S16 Relative energy versus all H---I distances and angles (CHI and NHI) of
hexagonal and pseudo-hexagonal FASnI3 perovskites in a cutoff radius of 3.5 A.
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Figure S17 All CHI and NHI angles of the cubic and pseudo-cubic M ASnl3 perovskites
in a cutoff radius of 3.5 A versus the H---I distances. The values of the lowest energy
cubic perovskite are highlighted in the plot.
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Figure S18 All CHI and NHI angles of the orthorhombic and tetragonal MASnlIg
perovskites in a cutoff radius of 3.5 A versus the H--I distances. The values of the
lowest energy cubic perovskite are highlighted in the plot.
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Figure S19 All CHI and NHI angles of the hexagonal and pseudo-hexagonal M ASnlg
perovskites in a cutoff radius of 3.5 A versus the H--I distances. The values of the
lowest energy cubic perovskite are highlighted in the plot.
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Figure S20 All CHI and PHI angles of the cubic and pseudo-cubic MPSnl3 perovskites
in a cutoff radius of 3.5 A versus the H---I distances. The values of the lowest energy
cubic perovskite are highlighted in the plot.
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Figure S21 All CHI and PHI angles of the orthorhombic and tetragonal MPSnlIs
perovskites in a cutoff radius of 3.5A versus the H--I distances. The values of the
lowest energy cubic perovskite are highlighted in the plot.

S28



(a) Hexagonal

@ CHI moieties @ CHI moities (lowest energy)
O PHImoicties @ PHI moieties (lowest energy)

180 — 9 .% -
: oo ¢ :
Tosst 3N o, s
] o I
%140—: ’.:0 08& -
2. S

100 — g
' ° ¥
| o L

80 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I
24 2.6 2.8 3 3.2 3.4 3.6

H-I distances

(b) Pseudo-hexagonal

@ CHImoieties © CHImoities (lowest energy)
O PHImoieties @ PHI moieties (lowest energy)

PR TN T SR T TN NN ST TN ANNNT TONNT TN SO SO (NN TN N SN SN T TN SO SN S NN NN SN SN

180 — G. —

] o P I

J %Jo:b ... L

160—_ OO O.‘ -

] R0 :

27 % o &% T
< Q.

I Wy |

i120— QQ~ 8 : -

. Q) Qvo% () r

] X e !

100 ] o %%@3 8 N

i o ® .3 i

] Oy i

AU B L B L S B R IR LR

24 2.6 2.8 3 3.2 34 3.6

H-I distances

Figure S22 All CHI and PHI angles of the hexagonal and pseudo-hexagonal MPSnl3
perovskites in a cutoff radius of 3.5A versus the H--I distances. The values of the
lowest energy cubic perovskite are highlighted in the plot.
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Figure S23 All CHI and NHI angles of the cubic and pseudo-cubic FASnl3 perovskites
in a cutoff radius of 3.5 A versus the H---I distances. The values of the lowest energy
cubic perovskite are highlighted in the plot.
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Figure S24 All CHI and NHI angles of the orthorhombic and tetragonal FASnl; per-
ovskites in a cutoff radius of 3.5 A versus the H.--I distances. The values of the lowest
energy cubic perovskite are highlighted in the plot.
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Figure S25 All CHI and NHI angles of the hexagonal and pseudo-hexagonal FASnlIs
The values of the

perovskites in a cutoff radius of 3.5 A versus the H---I distances.

lowest energy cubic perovskite are highlighted in the plot.
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Figure S27 All XHI angles (X = C, N or P) versus the H---I distances for ASnI3
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data of NHI, CHI and PHI angles versus distance, respectively. The light green and
blue curves represent the fitting for the dots of lowest energy perovskites.
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Figure S29 a) Average Bader charge for each element of ASnl3 perovskites. b) Average
Bader charge on A-cation, Sn and I.
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Figure S30 Band structure of cubic/pseudo-cubic (C/PC), orthorhombic (O), tetrag-
onal (T), and hexagonal/pseudo-hexagonal (H/PH) phases of ASnlz. To analyse the
role of the inorganic framework, the band structure analysis of the frozen inorganic-
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Table S8 Effective mass of hole and electron for the specified

lines of all the lowest

ASnlj3 perovskites.
Cubic MASnI; MPSnI3 FASnI3
mp/mo | Me/Mo | mp/mg | me/mg | mp/mo | me/mg

R-T" -0.128 | 0.265 -0.134 | 0.239 -0.146 | 0.480
R-M -0.133 | 0.859 -0.112 | 0.748 -0.156 | 1.074
R-X -0.125 | 0.844 -0.132 | 0.704 -0.151 | 1.239

Pseudo-cubic MASnI; MPSnl; FASnI;
R-U -0.118 | 0.956 -0.117 | 0.866 -0.123 | 0.325
R-T -0.132 | 0.603 -0.150 | 0.883 -0.136 | 1.008

Orthorhombic MASnI; MPSnl; FASnI;
-7 -0.130 | 0.981 -0.090 | 0.071 -0.144 | 1.026
r-y -0.101 | 0.062 -0.125 | 0.900 -0.115 | 0.293
r-xX -0.126 | 0.672 -0.120 | 0.762 -0.202 | 1.328

Tetragonal MASnI; MPSnl; FASnI;
Z-R -0.084 | 0.244
Z-T -0.091 | 0.711
I'-M -0.163 | 0.810 -0.124 | 0.868
-z -0.112 | 0.067 -0.080 | 0.055
r-xX -0.137 | 0.640 -0.101 | 0.853

Hexagonal MASnI; MPSnl; FASnI;
I'-M -0.544 | 0.407
K-’ -0.471 | 0.417 -0.695 | 0.422 -0.930 | 0.390
K-M -0.273 | 0.305 -0.653 | 0.484

Pseudo-hexagonal MASnI; MPSnl; FASnI;
r-xX -0.619 | 0.356
r-y -0.540 | 0.383 -0.554 | -0.384 | -0.584 | 0.433
XY -5.000 | 0.410 -2.673 | 0.385

Table S9 Average effective mass of hole and electron considering the lines indicated
in Table S8 for the lowest energy ASnls perovskites.

MASnI; MPSnl; FASnI;
Phases mp/mo | Me/Mmo | mp/mg | me/mg | mp/mo | me/mg
Cubic -0.129 | 0.656 -0126 0.581 -0.151 | 0.931
Pseudo-cubic -0.125 | 0.780 -0.134 | 0.874 -0.129 | 0.667
Orthorhombic -0.120 | 0.572 -0.112 | 0.578 -0.154 | 0.882
Tetragonal -0.137 | 0.506 -0.102 | 0.592 -0.088 | 0.478
Hexagonal -0.372 | 0.361 -0.619 | 0.414 -0.791 | 0.437
Pseudo-hexagonal | -2.770 | 0.396 -1.613 | 0.384 -0.601 | 0.394
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5 MASnI; perovskites

BedPebIed & @o
Hom oaiiw {3 =
fo@wﬁv H@o@i@o

@H@M

5.1 Cubic structures of M ASnl3 perovskites

Figure S31 Orientation
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Table S10 Lattice parameters of cubic phase of MASnl3 perovskite, (o = 3 =~ = 90°)

N Qo (A) bo (A) Co (A) N ag (A) bo (A) Co (A)
1 6.26 6.26 6.26 8 6.27 6.27 6.27
2 6.26 6.26 6.26 9 6.24 6.24 6.24
3 6.25 6.25 6.25 10 6.24 6.24 6.24
4 6.25 6.25 6.25 11 6.24 6.24 6.24
5 6.27 6.27 6.27 12 6.27 6.27 6.27
6 6.27 6.27 6.27 13 6.27 6.27 6.27
7 6.25 6.25 6.25 14 6.26 6.26 6.26

Table S11 Relative total energy (AF:,), enthalpy of formation (AH]?) and cohesive
energy (E..;) of each M ASnlIg cubic structure.

N AE‘tot AH? Ecoh N AEtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —32.16 —3.28 8 6.72 —25.44 —3.28
2 0.21 —31.95 —3.28 9 20.11 —12.04 —3.28
3 0.58 —31.58 —3.28 | 10 21.50 —10.65 —3.28
4 0.75 —31.41 —-3.28 | 11 22.17 -9.99 —3.28
5 2.10 —30.06 —3.28 | 12 22.99 —9.17 —3.28
6 2.80 —29.35 —-3.28 | 13 23.87 —8.29 —3.28
7 3.10 —29.06 —3.28 | 14 23.94 —8.22 —3.28
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Table S12 Lattice parameters of pseudo-cubic of MASnl3 perovskite, (« = § =~ = 90°)

N Qo (A) bo (A) Co (A) N ag (A) bo (A) Co (A)
1 6.29 6.20 6.29 8 6.30 6.21 6.29
2 6.29 6.20 6.29 9 6.19 6.27 6.29
3 6.29 6.20 6.29 10 6.28 6.18 6.28
4 6.29 6.20 6.29 11 6.26 6.18 6.28
5 6.19 6.28 6.29 12 6.28 6.22 6.28
6 6.29 6.21 6.30 13 6.27 6.29 6.25
7 6.21 6.30 6.29 14

Table S13 Relative total energy (AF:,), enthalpy of formation (AH]?) and cohesive
energy (E.,;) of each M ASnlg pseudo-cubic structure.

N AE‘tot AH? Ecoh N AEtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —35.65 —3.28 8 1.40 —34.25 —3.28
2 0.03 —35.62 —3.28 9 1.56 —34.10 —3.28
3 0.28 —35.37 —3.28 | 10 20.91 —14.74 —3.28
4 0.38 —35.27 —-3.28 | 11 21.12 —14.53 —3.28
5 0.52 —35.13 —3.28 | 12 25.08 —10.57 —3.28
6 0.64 —35.01 —-3.28 | 13 27.32 —8.34 —3.28
7 1.04 —34.61 —3.28
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5.3 Orthorhombic structures of MASnl3 perovskites
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Figure S33 Orientation of organic cation in the orthorhombic structures.
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Table S14 Lattice parameters of orthorhombic phase of M ASnl3 perovskite, (o« = =
7 =190°)

N ag (A) bo (A) Co (A) N [N (A) bo (A) Co (A)
1 8.91 12.54 8.45 10 8.72 12.57 8.75
2 8.88 12.54 8.45 11 8.76 12.38 8.83
3 8.95 12.41 8.67 12 8.59 12.55 8.87
4 8.41 12.54 8.98 13 8.73 12.54 8.75
5 8.86 12.52 8.50 14 9.18 12.38 8.52
6 8.69 12.71 8.69 15 8.66 12.60 8.93
7 8.65 12.59 8.79 16 8.86 12.60 8.75
8 8.72 12.63 8.70 17 8.56 12.37 9.17
9 8.91 12.26 8.79 18 8.94 12.54 8.67

Table S15 Relative total energy (AEi:), enthalpy of formation (AH}?) and cohesive
energy (E.,;) of each MASnlIg orthorhombic structure.

N AE‘tot AHJ(Z Ecoh N AEtot AH]? Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —134.57 —3.29 |10 37.86  —96.71 —3.28
2 0.26 —134.31 -3.29 |11 42.12 —92.45 —3.28
3 5.72 —128.85 —-3.29 | 12 50.12 —84.45 —3.28
4 15.03 —119.53 -3.28 | 13 62.35 —72.22 —3.28
5 19.35 —115.22 —3.28 | 14 79.02  —55.55 —3.28
6 26.33 —108.23 —3.28 | 15 92.28 —42.29 —3.28
7 30.45 —104.12 —3.28 | 16 96.17  —39.39 —3.28
8 35.56 —-99.00 —-3.28 | 17 103.96 —30.60 —3.28
9 36.09 —98.48 —3.28 | 18 107.77  —26.79 —3.28
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5.4 Tetragonal structures of MASnl3 perovskites
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Figure S34 Orientation of organic cation in tetragonal structures.
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Table S16 Lattice parameters of tetragonal phase of MASnl3 perovskite, (¢ =8 =7 =

90°)

N Qo (A) b() (A) Co (A) N Qo (A) bg (A) Co (A)
1 8.67 8.67 12.50 9 8.74 8.74 12.53
2 8.67 8.67 12.52 10 8.81 8.81 12.42
3 8.72 8.72 12.60 11 8.79 8.79 12.61
4 8.71 8.71 12.63 12 8.82 8.82 12.53
5} 8.68 8.68 12.63 13 8.81 8.81 12.57
6 8.85 8.85 12.26 14 8.80 8.80 12.58
7 8.73 8.73 12.57 15 8.86 8.86 12.35
8 8.78 8.78 12.40

Table S17 Relative total energy (AE,y), enthalpy of formation (AH}?) and cohesive

energy (E.,;) of each M ASnl3 pseudo-cubic structure.

N AE‘tot AH;Z Ecoh N AE1t0t AH;Z Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —121.67 —3.28 9 49.31 —72.36 —3.28
2 8.91 —112.76 —3.28 10 59.01 —62.66 —3.28
3 18.66 —103.02 -3.28 | 11 83.23 —38.44 —3.28
4 22.20 —99.47 —3.28 12 86.29 —35.38 —3.28
5 24.62 —97.06 —-3.28 | 13 88.78 —32.89 —3.28
6 24.86 —96.82 —-3.28 | 14 102.56 —19.12 —3.28
7 25.16 —96.51 —3.28 15 108.16 —13.51 —3.28
8 28.93 —92.75 —3.28
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5.5 Pseudo-hexagonal structures of M ASnl; perovskites
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Figure S35 Orientation of organic cation in the pseudo-hexagonal structures.

Table S18 Lattice parameters of pseudo-hexagonal phase of M ASnl3 perovskite

N ag bo Co o 15} vy N qg bo Co «@ 15}

A A A deg deg deg A A A deg deg
1 872 846 7.71 9255 96.68 119.97 |6 879 842 7.79 96.07 80.87 121.38
2 892 854 7.69 91.30 9840 122.28 |7 874 874 7.79 95.80 95.82 122.75
3 845 859 7.75 9883 89.04 11877 | 8 &880 844 7.78 82.98 99.46 121.20
4 851 850 7.75 100.74 86.44 11765 |9 847 888 7.67 90.00 90.00 121.39
5 874 849 7.77 100.26 81.23 120.57

Table S19 Relative total energy (AEi:), enthalpy of formation (AH}?) and cohesive
energy (E.,) of each pseudo-hexagonal M ASnlg structure.

N A-Eiiot AH}) Ecoh N A-Etoi& AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —-94.14 —3.28 | 6 12.80 —81.35 —3.28
2 0.60 —93.54 —-3.28 | 7 37.43 —56.71 —3.28
3 2.17 —91.97 —3.28 | 8 42.82 —51.33 —3.28
4 3.11 —91.04 -328 | 9 43.27 —50.87 —3.28
5 7.86 —86.28 —3.28
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5.6 Hexagonal structures of M ASnl3 perovskites
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Figure S36 Orientation of organic cation in the hexagonal structures.

Table S20 Lattice parameters of hexagonal phase of M ASnl3 perovskite

N ag bo Co « 6] v N ag bo Co o 6] v

(A) (A (A) deg deg  deg A A A deg deg  deg
1 852 852 7.73 90.00 90.00 120.00 |6 851 851 7.79 90.00 90.00 120.00
2 862 862 7.58 90.00 90.00 120.00 |7 8.61 8&8.61 7.58 90.00 90.00 120.00
3 859 859 7.61 90.00 90.00 120.00 | 8 &8.73 &73 7.37 90.00 90.00 120.00
4 8.62 8.62 7.57 90.00 90.00 120.00 |9 874 874 7.39 90.00 90.00 120.00
5 &.68 8.68 7.55 90.00 90.00 120.00

Table S21 Relative total energy (AE;q), enthalpy of formation (AH}) and cohesive
energy (E.y) of each MASnlI3 cubic structure.

N AE1150t AH}) Ecoh N AEtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —38.64 —-328 | 6 13.98  —24.66 —3.28
2 2.20 —36.44 —3.28 7 17.53 —21.11 —3.28
3 5.15 —33.49 —3.28 | 10 29.38 —9.26 —3.28
4 10.58 —28.06 —-3.28 |11 52.56 13.92 —3.28
5 10.99 —27.65 —3.28
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6 MPSnl; perovskites

6.1 Cubic structures of MPSnl3 perovskites
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Figure S37 Orientation of organic cation in the cubic structures.
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Table S22 Relative total energy (AEjy), enthalpy of formation (AH?) and cohesive
energy (E..) of each MPSnl3 cubic structure.

N AE‘tot AH? Ecoh N AEtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —77.86 —2.93 8 0.88 —76.98 —2.93
2 0.01 —77.85 —2.93 9 0.94 —76.92 —2.93
3 0.29 —77.57 —-293 | 10 1.10 —76.76 —2.93
4 0.45 —77.41 —293 |11 1.18 —76.67 —2.93
5 0.52 —77.34 —293 | 12 1.31 —76.55 —2.93
6 0.70 —77.16 —-293 | 13 1.48 —76.37 —2.93
7 0.70 —77.16 —-293 | 14 16.69 —61.17 —2.93

Table S23 Lattice parameters of cubic phase of MPSnl3 perovskite, (o« = 5 =~y = 90°)

N a (A (A e (A) N a () b (A o (A)
1 6.34 6.34 6.34 8 6.34 6.34 6.34
2 6.34 6.34 6.34 9 6.33 6.33 6.33
3 6.33 6.33 6.33 10 6.34 6.34 6.34
4 6.34 6.34 6.34 11 6.33 6.33 6.33
5 6.34 6.34 6.34 12 6.33 6.33 6.33
6 6.34 6.34 6.34 13 6.34 6.34 6.34
7 6.33 6.33 6.33 14 6.34 6.34 6.34
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6.2 Pseudo-cubic structures of MPSnl3 perovskites
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o carbon
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Figure S38 Orientation of organic cation in the pseudo-cubic structures.
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Table S24 Relative total energy (AE,y), enthalpy of formation (AH?) and cohesive
energy (E.,;) of each MPSnl3 pseudo-cubic structure.

N AE,, AHS? Eun | N AE,, AH Euon

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —79.43 —2.93 7 0.80 —78.63 —-2.93
2 0.07 —79.36 —2.93 8 0.82 —78.61 —2.93
3 0.17 —79.26 —2.93 9 0.92 —78.51 —2.93
4 0.20 —79.23 —-2.93 | 10 1.01 —78.42 —2.93
5 0.38 —79.05 —-2.93 | 11 2.32 —77.10 —2.93
6 0.63 —78.80 —-2.93 | 12 2.55 —76.88 —2.93

Table S25 Lattice parameters of pseudo-cubic phase of MPSnl3 perovskite, (« = § =
7 =190°)

N a ) b (A oA N a ) bR o (A
1 6.41 6.31 6.30 7 6.40 6.31 6.31
2 6.31 6.30 6.40 8 6.39 6.31 6.31
3 6.31 6.32 6.40 9 6.31 6.31 6.39
4 6.39 6.32 6.31 10 6.31 6.40 6.31
5 6.32 6.30 6.39 11 6.32 6.37 6.33
6 6.39 6.31 6.31 12 6.33 6.34 6.33
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6.3 Orthorhombic structures of MPSnl3 perovskites
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Figure S39 Orientation of organic cation in the orthorhombic structures.
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Table S26 Lattice parameters of orthorhombic phase of MPSnl3 perovskite, (« = 8 =
7 =190°)

N Qo (A) b() (A) Co (A) N QAo (A) bo (A) Co (A)
1 9.15 12.63 8.45 10 8.83 12.60 9.10
2 8.44 12.64 9.14 11 9.12 12.60 8.73
3 8.43 12.63 9.12 12 8.97 12.56 8.97
4 8.44 12.62 9.12 13 8.60 12.69 9.27
5 8.85 12.52 9.02 14 8.78 12.53 9.15
6 9.22 12.55 8.71 15 8.93 12.63 8.91
7 8.90 12.66 8.92 16 8.95 12.64 8.92
8 8.91 12.71 8.94 17 8.99 12.62 8.95
9 8.72 12.56 8.17 18 8.94 12.59 8.97

Table S27 Relative total energy (AEyq), enthalpy of formation (AH}?) and cohesive
energy (E..) of each MPSnl3 orthorhombic structure.

N AEjt‘ot AH}) Ecoh N AEﬂtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —174.48 —294 | 10 73.06 —101.42 —2.93
2 6.14 —168.34 —294 |11 75.01 —99.47 —2.93
3 6.56 —167.92 —2.94 |12 75.71 —98.77 —2.93
4 6.72 —167.76 —293 | 13 79.95 —94.53 —2.93
5 61.11 —113.37 —293 | 14 82.04 —92.45 —2.93
6 63.17 —111.32 —293 | 15 83.01 —91.47 —2.93
7 63.89 —110.59 —293 | 16 88.84 —85.64 —2.93
8 70.85 —103.63 —-2.93 | 17 93.76 —80.72 —2.93
9 71.74 —102.74 —293 | 18 97.11 —77.38 —2.93
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6.4 Tetragonal structures of MPSnl3 perovskites
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Figure S40 Orientation of organic cation in the tetragonal structures
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Table S28 Lattice parameters of tetragonal phase of MPSnl3 perovskite, (o« = =7 =
90°)

N Qo (A) b() (A) Co (A) N QAo (A) bo (A) Co (A)
1 8.83 8.83 12.57 9 8.94 8.94 12.61
2 8.91 8.91 12.66 10 8.94 8.94 12.61
3 8.93 8.93 12.53 11 8.94 8.94 12.68
4 8.94 8.94 12.59 12 8.96 8.96 12.56
5 8.93 8.93 12.71 13 8.96 8.96 12.63
6 8.96 8.96 12.59 14 8.95 8.95 12.59
7 8.93 8.93 12.58 15 8.96 8.96 12.63
8 8.95 8.95 12.61

Table S29 Relative total energy (AFE,,), enthalpy of formation (AHJ?) and cohesive
energy (E.) of each MPSnlg tetragonal structure.

N AE‘tot AHJ? Ecoh N AE’tot AH}, Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fau.) (meV/fu.) (eV/atom)
1 0.00 —130.91 2931 9 42.21 —88.69 2.93
2 20.36 —110.54 293 |10 42.34 —88.57 2.93
3 20.90 —110.01 293 |11 42.92 —87.98 2.93
4 27.32 —103.59 293 | 12 46.81 —84.10 2.93
5 2746 —103.44 293 |13 49.94 —80.96 2.93
6 33.98 —96.93 293 |14 53.54 —77.37 2.93
7 36.57 —94.34 293 |15 66.01  —64.90 2.93
8 37.76 —93.14 2.93
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6.5 Pseudo-hexagonal structures of MPSnl; perovskites
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Figure S41 Orientation of organic cation in the pseudo-hexagonal structures.

Table S30 Lattice parameters of pseudo-hexagonal phase of MPSnl3 perovskite

N ag bo Co « 15} v N ag bo Co o 6]

A A A deg deg deg A A A deg deg deg
1 9.06 859 7.69 9432 86.92 119.84 |6 9.07 9.07 7.60 87.29 87.28 123.17
2 906 860 7.70 85.51 93.14 119.99 |7 9.14 9.00 7.58 85.41 89.80 122.90
3 879 867 7.66 94.32 91.82 117.12 |8 &8.64 9.14 7.48 90.00 90.00 119.04
4 878 868 7.66 94.35 91.95 117.13 |9 869 &899 7.73 96.90 90.96 119.40
5 011 888 7.41 90.42 89.65 121.48

Table S31 Relative total energy (AEi,), enthalpy of formation (AH{?) and cohesive
energy (E.,,) of each MPSnl3 pseudo-hexagonal structure.

N AEtot AH;? Ecoh N AE'tot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —89.43 —-293 | 6 19.33 —70.10 —2.93
2 0.12 —89.32 —-293 | 7 24.02 —65.42 —-2.93
3 6.77 —82.66 —-293 | 8 30.92 —58.51 —2.93
4 7.12 —82.32 —-293 | 9 31.92 —57.52 —2.93
5 16.18 —73.25 —2.93
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6.6 Hexagonal structures of MPSnl3 perovskites
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Figure S42 Orientation of organic cation in the hexagonal structures.

Table S32 Lattice parameters of hexagonal phase of MPSnl3 perovskite

N ag bo Co o B Y N ag bo Co « B Y

A A A deg deg deg A A A deg deg deg
1 883 883 7.67 90.00 90.00 120.00 | 6 884 884 7.69 90.00 90.00 120.00
2 8.82 882 7.67 90.00 90.00 120.00 |7 889 &8.89 7.55 90.00 90.00 120.00
3 873 873 7.83 90.00 90.00 120.00 |8 9.07 9.07 7.31 90.00 90.00 120.00
4 873 873 7.82 90.00 90.00 120.00 |9 9.07 9.07 7.31 90.00 90.00 120.00
5 9.00 9.00 7.30 90.00 90.00 120.00

Table S33 Relative total energy (AE,y), enthalpy of formation (AH?) and cohesive
energy (E..) of each MPSnlg hexagonal structure.

N AEB,; AHS Eun | N AEB,; AHS Eeon

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00  —67.73 -293 | 6 10.81  —56.92 —2.93
2 0.08 —67.65 —-293 | 7 29.48 —38.25 —2.92
3 6.41 —61.32 —293 | 8 38.74 —28.99 —2.92
4 7.11 —60.62 -293 | 9 39.11 —28.62 —2.92
5 8.73 —59.00 —2.93
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7 FASnI; perovskites

7.1 Cubic structures of FASnl; perovskites

© iodide

o carbon

O nitrogen
© hydrogen

Figure S43 Orientation of organic cation in the cubic structures.

Table S34 Lattice parameters of cubic phase of FASnl3 perovskite, (o = 3 =~ = 90°)

N Qo (A) b() (A) Co (A) N Qo (A) b() (A) Co (A)
1 6.35 6.35 6.35 8 6.34 6.34 6.34
2 6.35 6.35 6.35 9 6.35 6.35 6.35
3 6.35 6.35 6.35 10 6.34 6.34 6.34
4 6.34 6.34 6.34 11 6.41 6.41 6.41
5 6.35 6.35 6.35 12 6.32 6.32 6.32
6 6.34 6.34 6.34 13 6.39 6.39 6.39
7 6.35 6.35 6.35 14 6.42 6.42 6.42
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Table S35 Relative total energy (AEjq), enthalpy of formation (AH?) and cohesive
energy (E..) of each FASnlI3 cubic structure.

N AE‘tot AH? Ecoh N AEtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 40.17 —3.68 8 0.69 40.86 —3.68
2 0.09 40.26 —3.68 9 0.70 40.87 —3.68
3 0.43 40.60 —3.68 | 10 0.80 40.98 —3.68
4 0.44 40.61 —3.68 | 11 38.86 79.03 —3.67
5 0.44 40.61 —3.68 | 12 108.38 148.55 —3.67
6 0.56 40.73 —3.68 | 13 131.27 171.44 —3.67
7 0.58 40.75 —3.68 | 14 135.64 175.81 —3.66
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7.2 Pseudo-cubic structures of FASnl; perovskites

© iodide

¢ o carbon
O nitrogen
R © hydrogen

Figure S44 Orientation of organic cation in the pseudo-cubic structures.
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Table S36 Lattice parameters of pseudo-cubic phase of FASnlI; perovskite, (« = =
7 =190°)

N Qo (A) b() (A) Co (A) N QAo (A) bo (A) Co (A)
1 6.28 6.29 6.52 8 6.29 6.27 6.53
2 6.28 6.29 6.52 9 6.30 6.27 6.52
3 6.29 6.28 6.52 10 6.28 6.29 6.52
4 6.30 6.52 6.27 11 6.21 6.47 6.50
5 6.27 6.52 6.30 12 6.40 6.24 6.31
6 6.28 6.30 6.51 13 6.53 6.53 6.20
7 6.30 6.27 6.52 14 6.41 6.33 6.40

Table S37 Relative total energy (AFE:,), enthalpy of formation (AHJ?) and cohesive
energy (E,y) of each FASnI3 pseudo-cubic structure.

N AE1t07§ AHJ? Ecoh N AEjtot AH}) Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 31.14 —3.68 8 0.15 31.30 —3.68
2 0.00 31.15 —3.68 9 0.17 31.31 —3.68
3 0.02 31.16 —-3.68 | 10 0.20 31.34 —3.68
4 0.06 31.20 —-3.68 |11 27.58 28.72 —3.67
5 0.08 31.22 —3.68 | 12 110.11 141.25 —3.67
6 0.08 31.22 —3.68 | 13 115.90 147.04 —3.67
7 0.10 31.24 —-3.68 | 14 138.88 170.02 —3.67
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7.3 Orthorhombic structures of FASnl; perovskites
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Figure S45 Orientation of organic cation in the orthorhombic structures.
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Table S38 Lattice parameters of othorhombic phase of FASnlI3 perovskite, (o = 8 =
v =90°).

N ap (A) b() (A) Co (A) N ao (A) bo (A) Co (A)
1 8.40 12.52 9.63 11 8.45 12.50 9.40
2 8.79 12.37 8.90 12 9.51 12.54 8.32
3 8.72 12.53 9.05 13 9.50 12.54 8.33
4 8.89 12.42 8.95 14 9.13 12.89 8.57
5 8.45 12.55 9.51 15 8.54 12.75 9.04
6 8.90 12.82 8.86 16 8.99 12.86 8.68
7 8.86 12.47 9.03 17 8.54 12.56 9.38
8 8.82 12.47 9.06 18 9.05 12.71 9.04
9 9.56 12.57 8.35 19 9.08 12.63 9.08

10 9.31 12.62 8.48

Table S39 Relative total energy (AE,y), enthalpy of formation (AH?) and cohesive
energy (E..) of each FASnI3 orthorhombic structure.

N AE1750t AH}) Ecoh N AE't‘ot AH}) Ecoh
(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —48.14 -3.68 | 11 75.01 26.88 —3.68
2 2.63 —45.50 —-3.68 | 12 75.12 26.98 —3.68
3 13.91 —34.23 -3.68 | 13 75.89 27.76 —3.68
4 25.25 —22.88 —-3.68 | 14 78.88 30.75 —3.68
5 28.32 —19.82 —-3.68 | 15 128.50 80.36 —3.67
6 31.28 —16.86 —3.68 | 16 173.47 125.33 —3.67
7 46.96 —1.18 —-3.68 | 17 192.61 144.47 —3.67
8 51.34 3.20 —-3.68 | 18 219.93 171.79 —3.67
9 64.75 16.61 —3.68 | 19 261.66 213.52 —3.66
10 66.63 18.49 —3.68
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7.4 Tetragonal structures of FASnl; perovskites

Otin

© iodide

© carbon

O nitrogen
© hydrogen

Figure S46 Orientation of organic cation in the tetragonal structures.
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Table S40 Lattice parameters of tetragonal phase of FASnl3 perovskite, (a« = f =~ =
90°).

N Qo (A) b() (A) Co (A) N QAo (A) bo (A) Co (A)
1 8.88 8.88 6.19 7 9.23 9.23 6.20
2 8.92 8.92 6.20 8 9.05 9.05 6.32
3 8.97 8.97 6.33 9 9.08 9.08 6.32
4 9.17 9.17 6.22 10 9.09 9.09 6.24
5 8.80 8.80 6.64 11 9.07 9.07 6.23
6 9.08 9.08 6.26

Table S41 Relative total energy, AL, enthalpy of formation, AHJ?, and cohesive en-
ergy, E..n, of each FASnl3 tetragonal structure.

N AE1150t AH}) Ecoh N AEtot AH]? Ecoh

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00  —34.36 —3.68 | 7 180.23 145.87 —3.67
2 11.34  —23.02 —3.68 | 8 200.38 166.02 —3.67
3 71.48 37.13 —-3.68 | 9 247.73 213.37 —3.66
4 92.68 58.32 —3.67 | 10 261.27 226.91 —3.66
5 102.09 67.74 —3.67 |11 298.32 263.97 —3.66
6 125.90 91.55 —3.67
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7.5 Pseudo-hexagonal structures of FASnl3 perovskites
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Figure S47 Orientation of organic cation in the pseudo-hexagonal structures.

Table S42 Lattice parameters of pseudo-hexagonal phase of FASnl3 perovskite.

N ag bo Co « 15} v N ag bo Co o 15} v

A A A deg deg deg A A A deg deg deg
1 852 864 791 86.36 92.15 120.62 |5 853 857 7.90 92.84 91.19 119.57
2 864 855 T7.87 87.32 94.43 12047 |6 8.65 860 7.93 91.21 87.04 121.41
3 854 876 7.83 94.11 87.71 12092 |7 9.51 8.67 7.47 93.42 90.00 123.24
4 872 8.64 7.81 84.79 94.73 121.20
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Table S43 Relative total energy, AF,,;, enthalpy of formation (AH]?) and cohesive
energy (E.,) of each FASnI3 pseudo-hexagonal structure.

N AEjtot AH}) Ecoh N AE1tot AH}) Ecoh
(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —46.09 —-3.68 | 5 4.15 —41.93 —3.68
2 0.07 —46.02 —3.68 | 6 15.79 —30.29 —3.68
3 1.98 —44.10 —-368 | 7 111.13 65.04 —3.67
4 3.41 —42.67 —3.68
7.6 Hexagonal structures of FASnl; perovskites
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Figure S48 Orientation of organic cation in the hexagonal structures.
Table S44 Lattice parameters of hexagonal phase of FASnl3 perovskite.
N ag bo Co « B Y N ag bo Co « B g
A A A deg deg deg A A A deg deg deg
1 858 858 7.85 90.00 90.00 120.00 |5 8&8.62 862 7.81 90.00 90.00 120.00
2 855 855 7.91 90.00 90.00 120.00 |6 8.68 8&8.68 7.67 90.00 90.00 120.00
3 8.60 860 7.81 90.00 90.00 120.00 |7 9.09 9.09 7.18 90.00 90.00 120.00
4 8.65 8.65 7.74 90.00 90.00 120.00

S68



Table S45 Relative total energy, AFE;,, enthalpy of formation, AHJ?, and cohesive en-
ergy, E..,, of each FASnl3 hexagonal structure.

N AE,; AHS Eun | N AE,; AHS Eeon

(meV/fu.) (meV/fu.) (eV/atom) (meV/fu.) (meV/fu.) (eV/atom)
1 0.00 —25.31 —3.68 | 5 15.91 —9.41 —3.68
2 4.35 —20.96 —3.68 | 6 26.86 1.55 —3.68
3 9.55 —19.76 —3.68 | 7 202.48 177.17 —3.66
4 6.06 —19.25 —3.68
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