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Computational details:

DFT calculations have been carried out by modelling the different phases and defects systems
in the supercell approach with the CP2K' software package. Benchmark calculations in unit
cells have been also carried out with the Quantum Espresso? (QE) code (see below).

To calculate thermodynamics of reactions R1-R6 in Table 1, geometries of the systems have
been optimized by relaxing ion positions with the PBEO functional®# and by including DFT-
D3 dispersions’, keeping cell parameters fixed to the experimental values (Snl,® ; MASnl;’;
SnL¥; solid L,”1% SnF,!!; SnF,4!'?; Sn;Fs!?) The following supercells have been used to model
the phases: 2x2x2 for MASnI; and defect calculations; 1x1x1 for SnF,; 3x3x2 for SnFy;
3x3x1 for Sn;Fg; 1x2x2 for Snl,; 3x3x3 for Snly. The use of hybrid functionals, i.e. PBEO, is
essential in order to accurately reproduce the energy position of the VBM and the
thermodynamics of formation of defects, such as I; and Vg, in reactions R1-R2.14

In all cases DFT calculations have been performed at the I" point of the Brillouin zone (BZ)
by using the Goedecker-Teter-Hutter (GTH) norm-conserving pseudopotentials'> (Sn 5s, 5p;
I 5s, 5p; F, N, C 2s, 2p; H 1s shells explicitly included) and double-zeta gaussian basis sets.!®
The auxiliary density matrix method has been used to accelerate hybrid functional
calculations.!’

The accuracy of DFT supercell calculations has been checked by recalculating the
thermodynamics of reactions R3-R6 by modeling the unit cells of the phases and by using
converged k-point grids in the Brillouin zone (BZ) at the PBE-D3 level with the Quantum
Espresso code?. Norm conserving scalar relativistic pseudopotentials (I 5s, 5p; F 2s, 2p; Sn
5s, 5p, 4d shells explicitly included) were used with a cutoff on the wavefunctions of 60 Ry.
Results have been included in Table S1 and compared with CP2K supercell calculations at
the same level of theory. Energies compare well between the two approaches, with some

small deviations due to the different pseudopotentials adopted in the two codes for Sn: QE



(5s, 5p, 4d / 14 electrons) vs CP2K (5s,5p / 4 electrons). The impact of cell relaxations has
been also checked by fully relaxing ion positions and cell parameters of the phases. Results
on thermodynamics show very small deviations from calculations performed with cell
parameters fixed to the experimental values (see Table S2).

To check the impact of spin-orbit coupling (SOC) on the thermodynamics of reactions R3-
R6, single point PBE-D3-SOC calculations have been conducted on the PBE-D3 optimized
structures, by using the full relativistic form of the norm-conserving pseudopotentials.

Limited deviations of results from PBE-D3 calculations without SOC are observed (see Table

S1).

Table S1. Comparison of the energetics of the modelled reactions at different levels of theory
calculated with the QE and CP2K codes (all values are in eV, DFT-D3 dispersion included).
The codes employed in the calculations are indicated in parenthesis. QE results have been
obtained by performing DFT calculations in the unit cells of the phases by using converged
k-point grids. In all cases ion relaxations have been carried out by keeping the cell parameters
at the experimental values. CP2K calculations have been performed as described in the
computational details section. Pseudopotentials for Sn: QE (5s, 5p, 4d / 14 electrons) vs
CP2K (5s, 5p / 4 electrons).

Reaction PBE | PBE-SOC PBE PBEO
[QE] [QE] [CP2K] [CP2K]
R1. MASnI; + Snl; = MASnI, [2I; + 2h*] + Snl, - - -0.99 -0.37
R2. MASnI; + Snl, = MASnI; [Vs,2 + 2h*] + 2 Snl, - - -1.52 -0.77
R3. 2 SnF, + Snl, = SnF, + 2 Snl, 0.28 0.37 0.47 0.35
R4. 4 SnF, + Snl, = Sn;Fg + 2 Snl, -0.63 -0.54 -0.63 -0.70
R5. 2 SnF, + SnF, = Sn;F -0.91 -0.91 -1.10 -1.05
R6. 4 SnF, + I, = SnyFy + Snl, -0.57 -0.53 0.42 -0.73




Table S2. DFT thermodynamics of reactions R3-R6 calculated by fixing cell parameters to
the experimental values and by fully relaxing cell and ion positions. Optimized cell
parameters of the SnF,, SnF, and Sn;Fg phases are also reported.

DFT calculations have been performed in the unit cells of the phases at the PBE-D3 level of
theory, by using the Quantum Espresso code. Norm conserving pseudopotentials (Sn 14
electrons, I 7 electrons, F 7 electrons) and converged k-point grids were used. Calculations at
fixed cell parameters have been conducted by using a cutoff of 60 Ry on the wavefunctions,
while for cell relaxation the cutoff has been increased to 80 Ry.

Reaction AE (eV) / PBE-D3

Experimental cell Relaxed cell
R3. 2 SnF, + Snl; = SnF, + 2 Snl, 0.28 0.24
R4. 4 SnF, + Snl, = Sn3Fg + 2 Snl, -0.63 -0.62
RS5. 2 SnF, + SnF4 = Sn;Fg -0.91 -0.86
R6. 4 SnF, + I, = Sn;Fg + Snl, -0.57 -0.54

Cell parameters

Experimental cell Relaxed cell
SnF, a=13.353 A, b=14.722 A, a=13.226 A, b=14.815 A,
c=13.786 A c=14.065 A
0=90.0°, =109.3°, y = 90.0° a =90.0°, p=107.9°, y =90.0°
SnF, a=b=4.050 A, c=7.930 A a=b=4.140 A, c=8.053 A
a=p=y= 90.0° a=p=y= 90.0°
Sn;Fg a=5.148 A, b=5.314 A, c=13.440 A | a=5.242 A, b=5.406 A, c=13.599 A
0=90.0°, B=112.4°, y =90.0° 0=90.0°, =113.2°, v =90.0°




Figure S1. Structures of the modelled a) SnF;; b) Sn3Fg; ¢) SnF,4; d) Snl, phases. The unit
cells are indicated in all cases.
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