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Computational Details (1) – Electronic structure of MASnI3, MASnBr3 and DMASnBr3

We model the electronic structure of MASnI3, MASnBr3 and DMASnBr3 performing hybrid density 

functional theory (DFT) calculations including spin-orbit coupling (SOC) on the bulk structures of 

2x2x2 tetragonal MASnI3,  2x2x2 cubic MASnBr3 and 2x4x2 orthorhombic DMASnBr3 with cell 

parameters of a=b=17.5154 Å, c=24.858 Å for MASnI3 , of a=b=c=11.816 for MASnBr3, and of 

a=12.274, b=24.142 Å, c=24.536 Å for DMASnBr3.1-3 Calculations are performed with the Quantum 

Espresso program package4 employing the Heyd Scuseria Ernzerhof (HSE06) functional with an 

exact exchange value of 0.43, proven to give reliable results for the lead and tin halide perovskites.1, 

5-6 Norm-conserving full-relativistic pseudopotentials are used with a cutoff on the wave function of 

40 Ry and a cutoff on the Fock grid of 80 Ry, sampling at the Γ point of the Brillouin zone. To 

evaluate the combined effect of Fock exchange and SOC on the calculated band edges of the 

perovskites, we perform extra calculations at the semilocal PBE7 level using norm-conserving scalar-

relativistic pseudopotentials. The comparison is reported in Fig. S1. 



Figure S1. Electronic structure and band edges of MASnI3, MASnBr3 and DMASnBr3. Aligned 

density of states with atomic contributions and band-edges highlighting for (a) MASnI3, (b) MASnBr3 

and (c) DMASnBr3. Energies are referenced to the valence band of MASnI3 and aligned with respect 

to the C 2s peak.



Figure S2. Calculated values of band edge energies for bulk MASnI3 and DMASnBr3 at PBE and 

HSE06-SOC levels of theory obtained employing norm-conserving pseudopotentials (scalar-

relativistic and full-relativistic respectively) and aligned with respect to the C 2s peak.



Computational Details (2) – Polaron binding energies, water/perovskite interaction, reaction 

profiles for H2 production

We model a 2x2 (001) slab of tetragonal MASnI3 and a 2x4 (001) slab orthorhombic DMASnBr3 

phases (cf. Figure S2) for the different terminations of surfaces presented in Figure 1e-f, i.e. SnX2 

terminated (X=Br,I) and AX terminated (A=DMA,MA). Equilibrium structures have been found by 

relaxing ions positions using the PBE functional7 and fixing cells parameters to the experimental 

values: MASnI3 a=b=17.5154 Å; DMASnBr3 a=12.274, b=24.142 Å.1-2  We consider 5 Sn – X layers 

and we include a > 15 Å vacuum layer along the non-periodic direction. These  calculations are 

performed with the CP2K code8  including van der Waals interactions by means of the rVV10 

functional to account for non-local electron correlation.9 We use Goedecker-Teter-Hutter 

pseudopotentials, 10 double-ζ polarized basis sets for the wave functions11 and a cutoff of 300 Ry for 

the expansion of the electron density in plane waves. Binding energies of polarons are corrected using 

the Freysoldt Neugebauer Van de Walle  approach  as  implemented  in  the  sxdefectalign2d  code.12



Figure S3. (001) slabs employed to simulate MASnI3 and DMASnBr3. (a) MASnI3 A, (b) MASnI3 

B, (c) DMASnBr3 A, (d) DMASnBr3 B.



Benchmark of polaronic structures and energies

We benchmark the polaronic structures obtained by adding one extra electron to neutral slabs, by 

comparison with those achieved via localized spin density (LSD) triplet calculations, which, in 

addition to the excited electron, accounts more rigorously for the hole left in the valence band.

From Figure S4, we observe overlapping geometrical patterns at the polaron site and, furthermore the 

calculated binding energies agree within ~ 0.1 eV [we employ Formulae (1) and (2) of main text].

Figure S4. Comparison of monopolaronic ASnX3 (A) local structures and binding energies between 

(a) an approximated simulation of the excited state with negatively charged systems and (b) LSD 

calculation of a triplet excitation. 



Figure S5. Isodensity representation of highest occupied molecular orbitals for polaronic (a-b) and 

bipolaronic (c-d) structures.  Each system is accompanied with a detailed ball-and-stick representation 

of the local lattice distortions leading to charge localization. A’ models are depicted in panels (a) and 

(c) while B’ models are portrayed in panels (b) and (c). For each model, both MASnI3 and DMASnBr3 

surfaces are shown.



Solvation energies of A-site cations and tin halides

We here evaluate the solvation energies of A-site cations and SnX2 tin halides. The B3LYP 

exchange–correlation functional,13 as implemented in the Gaussian09 program package,14 is used for 

all our calculations, with a 6-31++G∗∗ basis set for C N H and the ECP lanl2dz basis set for Br and I. 

D3 corrections are employed for Van der Waals effects.15-17 Geometry optimizations are performed 

in water solution by means of the conductor-like polarizable continuum model (C-PCM).18 To 

account for the solvent explicitly, we add three water molecules for the cations and one water 

molecule coordinating the metal for SnX2. The solvation energies are estimated as the energy 

difference between chemical species in the solvation environment and in vacuum.  

Table S1. Calculated solvation energies (eV) in liquid water of A-site cations and SnX2 chemical species.

Solute ΔEsolv

MA+ -4.32
DMA+ -3.92

SnI2 -1.31
SnBr2 -1.40
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