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Fig. S1 Calculated band structure (solid lines) of tetragonal CH3NH3PbI3 using PBE0-SOC. The 

energy of the valence band maximum is set to zero. The dashed (black) lines show corresponding 

bands obtained using PBE0, without spin-orbit interaction. The solid lines are colored according 

to their primary orbital character.
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Fig. S2 Calculated density of states of tetragonal CH3NH3PbI3 using PBE0-SOC functional. The 

bottom of the conduction bands have primarily Pb 6p character, while the top of the valence 

bands are derived mostly from I 5p. It should be noted that some contribution from Pb 6s and 6p 

can also be found near the top of the valence bands. 
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Table S1 Calculated band gap (Eg) of tetragonal CH3NH3PbI3 obtained with various functionals 

is compared with experiment. 

Eg (eV) {Functional}

Experiment1-4 1.55 - 1.6

This work 1.75 {PBE0-SOC}

2.74 {PBE0}

Gao et al.5 1.67 - 1.73 {GW+SOC}

1.68 - 1.76 {PBE}

Umari et al.6 1.67 {SOC-GW}

0.60 {SOC-DFT}

2.68 {SR-GW}

1.68 {SR-DFT}

Quarti et al.7 1.34 - 1.82 {Scalar Relativistic}

0.30 - 0.80 {SOC-DFT}

Geng et al.8 1.6, 1.82 {vdW-DF}

Du et al.9 0.6 {PBE-SOC}

1.5 {HSE-SOC}

Zhou et al.10 1.27 - 1.42 {PBESol}

Wang et al.11 1.27 {PBE-SOC}
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Table S2 Calculated lattice constants (LC) of tetragonal CH3NH3PbI3 obtained with various 

functionals is compared with experiment. 

LC (Å) {Functional}

Experiment12 a = b = 8.849, c = 12.642

Experiment13 a = b = 8.855, c = 12.659 

Experiment14 a = b = 8.8, c = 12.685

This work a=8.84, b=8.85, c=13.03 {PBE}

Brivio et al.15 a =8.70, b = 8.72, c = 12.83 {PBEsol}

Mosconi et al.16 a =8.783, b = 8.746, c = 12.699 {PBE}

Zhou et al.10 a =9.074, b = 9.029, c = 13.175 {PBE}

a =9.007, b = 9.015, c = 13.010 {optPBE-vdW}

a =8.891, b = 8.869, c = 12.811 {optB86b-vdW}

a =8.868, b = 8.802, c = 12.806 {PBE-vdW}

a =8.880, b = 8.816, c = 12.723 {PBEsol}
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