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Impact of symmetry breaking and spin-orbit coupling on the band gap of halide perovskites
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TABLE I. Calculated and experimental values for band gaps for the most studied inorganic halide perovskites. This table is separated
according to the structural configuration, monomorphous or polymorphous, and with the inclusion or not of the spin-orbit effects. In parentheses
we show the deviation between theoretical and experimental results, where a positive (negative) value means overestimation (underestimation).

Band gap (eV)

System Monomorphous Polymorphous Monomorphous + SOC Polymorphous + SOC Expt.

CsPbCl3 2.92 (−2.67%) 3.35 (11.67%) 1.78 (−49.67%) 2.27 (−24.33%) 3.00a

CsPbBr3 2.41 (8.07%) 2.87 (28.70%) 1.25 (−43.95%) 1.79 (−19.73%) 2.23b

CsPbI3 2.00 (15.61%) 2.46 (42.20%) 0.77 (−55.49%) 1.35 (−21.96%) 1.73c

CsSnCl3 1.56 (−46.21%) 2.38 (−17.93%) 1.17 (−59.66%) 2.13 (−26.55%) 2.90d

CsSnBr3 1.10 (−38.89%) 1.81 (0.56%) 0.70 (−61.11%) 1.53 (−15.00%) 1.80e

CsSnI3 0.81 (−37.69%) 1.50 (15.38%) 0.37 (−71.54%) 1.18 (−9.23%) 1.30f

CsGeBr3 1.13 (−52.52%) 1.56 (−34.45%) 1.02 (−57.14%) 1.45 (−39.08%) 2.38g

aReference [44].
bReference [45].
cReference [46].
dReference [47].
eReference [48].
fReference [49].
gReference [50].

halide perovskites will be separated into three different sec-
tions, where the agents for band-gap variation can be treated
separately. In Sec. IIIA we consider the effects of symmetry
breaking in the polymorphous configuration, not including the



IMPACT OF SYMMETRY BREAKING AND SPIN-ORBIT … PHYSICAL REVIEW B 110, 035160 (2024)

0 50 100 150 200
Halide perovskite index

0

-1

-2

-3

-4

-5

T
ot

al
 e

ne
rg

y 
di

ff.
 (

eV
/f.

u.
)



SABINO, ZHAO, DALPIAN, AND ZUNGER PHYSICAL REVIEW B 110, 035160 (2024)



IMPACT OF SYMMETRY BREAKING AND SPIN-ORBIT … PHYSICAL REVIEW B 110, 035160 (2024)

0 10 20 30 40 50
Halide Perovskite index



SABINO, ZHAO, DALPIAN, AND ZUNGER PHYSICAL REVIEW B 110, 035160 (2024)



IMPACT OF SYMMETRY BREAKING AND SPIN-ORBIT … PHYSICAL REVIEW B 110, 035160 (2024)

https://doi.org/10.1038/s41570-017-0095
https://doi.org/10.1021/acs.chemmater.8b05329
https://doi.org/10.1016/j.mattod.2014.07.007
https://doi.org/10.1126/science.aat8235
https://doi.org/10.1021/acs.chemrev.8b00539
https://doi.org/10.1021/acs.chemrev.0c00107
https://doi.org/10.1063/1.5018325
https://doi.org/10.1021/ja2034602
https://doi.org/10.1080/14786440508636066
https://doi.org/10.1557/mrs.2020.142
https://doi.org/10.1021/jz401532q
https://doi.org/10.1021/acs.jpcc.1c09594
https://doi.org/10.1016/j.physleta.2013.11.018
https://doi.org/10.1088/2515-7655/aaf143
https://doi.org/10.1016/j.orgel.2016.05.046
https://doi.org/10.1038/npjcompumats.2015.1
https://doi.org/10.1038/nphys3357
https://doi.org/10.1016/0921-4526(94)91130-4
https://doi.org/10.1039/D0TA10492B
https://doi.org/10.1039/D1MH01371H
https://doi.org/10.1021/acs.jpclett.7b01740
https://doi.org/10.1063/1.5079633
https://doi.org/10.1021/jacs.6b06287
https://doi.org/10.1103/PhysRevB.101.155137
https://doi.org/10.1126/science.1192759
https://doi.org/10.1103/PhysRevMaterials.7.044602
https://doi.org/10.1016/j.mattod.2021.05.021
https://doi.org/10.1021/acs.jpclett.3c00105
https://doi.org/10.1038/s41524-022-00869-6
https://doi.org/10.1021/acs.jpclett.7b02648
https://doi.org/10.1038/s41570-021-00309-x


SABINO, ZHAO, DALPIAN, AND ZUNGER PHYSICAL REVIEW B 110, 035160 (2024)

[32] L. Octavio de Araujo, C. R. C. Rêgo, W. Wenzel, F. P. Sabino,
and D. Guedes-Sobrinho, Impact of the polymorphism and rel-
ativistic effects on the electronic properties of inorganic metal
halide perovskites, J. Phys. Chem. C 126, 2131 (2022).

[33] O. I. Malyi, X.-G. Zhao, and A. Zunger, Insulating band
gaps both below and above the Néel temperature in d-electron
LaTiO3, LaVO3, SrMnO3, and LaMnO3 perovskites as a
symmetry-breaking event, Phys. Rev. Mater. 7, 074406 (2023).

[34] O. I. Malyi and A. Zunger, Rise and fall of Mott insulating gaps
in YNiO3

https://doi.org/10.1021/acs.jpcc.1c08923
https://doi.org/10.1103/PhysRevMaterials.7.074406
https://doi.org/10.1103/PhysRevMaterials.7.044409
https://doi.org/10.1103/PhysRevB.48.13115
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.59.1758
https://doi.org/10.1103/PhysRevB.50.17953
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1063/1.1668634
https://doi.org/10.1063/1.2204597
https://doi.org/10.1038/npjcompumats.2015.10
http://link.aps.org/supplemental/10.1103/PhysRevB.110.035160
https://doi.org/10.1021/jacs.0c12254
https://doi.org/10.1103/PhysRevB.92.235210
https://doi.org/10.1021/nl5048779
https://doi.org/10.1007/BF02606360
https://doi.org/10.1016/0022-3697(81)90072-X
https://doi.org/10.1021/ic401215x
https://doi.org/10.1126/sciadv.abj5881
https://doi.org/10.1038/s41467-019-11087-y
https://doi.org/10.1021/jacs.7b04981
https://doi.org/10.1038/s41467-019-10468-7
https://doi.org/10.1002/aenm.202301539

