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Lattice type

Space group name
Space group number
Setting number

Structural properties of CsPb(I1xBrx)s Perovskite
Table S1
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Lattice parameters

a b c alpha beta gamma
6.28000 6.28000 25.12000 90.0000 90.0000 90.0000

Unit-cell volume = 990.692707 A3
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X vy Z Occ. B
0.00000 0.00000 0.00000 1.000 1.000
0.00000 0.00000 0.25000 1.000 1.000
0.00000 0.00000 0.50000 1.000 1.000
0.00000 0.00000 0.75000 1.000 1.000
0.50000 0.50000 0.12500 1.000 1.000
0.50000 0.50000 0.37500 1.000 1.000
0.50000 0.50000 0.62500 1.000 1.000
0.50000 0.50000 0.87500 1.000 1.000
0.50000 0.50000 0.00000 1.000 1.000
0.00000 0.50000 0.12500 1.000 1.000
0.50000 0.00000 0.12500 1.000 1.000
0.50000 0.50000 0.25000 1.000 1.000
0.00000 0.50000 0.37500 1.000 1.000
0.50000 0.00000 0.37500 1.000 1.000
0.50000 0.50000 0.50000 1.000 1.000
0.00000 0.50000 0.62500 1.000 1.000
0.50000 0.00000 0.62500 1.000 1.000
0.50000 0.50000 0.75000 1.000 1.000
0.00000 0.50000 0.87500 1.000 1.000
0.50000 0.00000 0.87500 1.000 1.000
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Table S2

CsPb(Io.7sBro.25)3
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Lattice parameters

a b c alpha
6.17750 6.17750 24.71000 90.0000

Unit-cell volume = 942.970715 A~3

Structure parameters
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x \% z
0.00000 0.00000 0.00000
0.00000 0.00000 0.25000
0.00000 0.00000 0.50000
0.00000 0.00000 0.75000
0.50000 0.50000 0.12500
0.50000 0.50000 0.37500
0.50000 0.50000 0.62500
0.50000 0.50000 0.87500
0.50000 0.50000 0.00000
0.00000 0.50000 0.12500
0.50000 0.00000 0.12500
0.50000 0.50000 0.25000
0.00000 0.50000 0.37500
0.50000 0.00000 0.37500
0.50000 0.50000 0.50000
0.00000 0.50000 0.62500
0.50000 0.00000 0.62500
0.50000 0.50000 0.75000
0.00000 0.50000 0.87500
0.50000 0.00000 0.87500
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Lattice type

Space group name
Space group number
Setting number

Table S3

CsPb(IosBros)s
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Lattice parameters

a b c alpha beta gamma
6.07500 6.07500 24.30000 90.0000 90.0000 90.0000

Unit-cell volume = 896.806603 A3

Structure parameters

Cs
Cs
Cs
Cs
Pb
Pb
Pb
Pb
Br

QO J oy Ul b WN -

=
= o
—

Br

[
w N
—

Br

=
[GIS
—

Br

e
~ o
—

Br

=
© ©
—

Br
20 I

Csl
Cs2
Cs3
Cs4
Pbl
Pb2
Pb3
Pb4
Brl
Il

Br2
12

Br3
I3

Br4
14

Br5
I5

Bro
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X vy Z Occ. B
0.00000 0.00000 0.00000 1.000 1.000
0.00000 0.00000 0.25000 1.000 1.000
0.00000 0.00000 0.50000 1.000 1.000
0.00000 0.00000 0.75000 1.000 1.000
0.50000 0.50000 0.12500 1.000 1.000
0.50000 0.50000 0.37500 1.000 1.000
0.50000 0.50000 0.62500 1.000 1.000
0.50000 0.50000 0.87500 1.000 1.000
0.50000 0.50000 0.00000 1.000 1.000
0.00000 0.50000 0.12500 1.000 1.000
0.50000 0.00000 0.12500 1.000 1.000
0.50000 0.50000 0.25000 1.000 1.000
0.00000 0.50000 0.37500 1.000 1.000
0.50000 0.00000 0.37500 1.000 1.000
0.50000 0.50000 0.50000 1.000 1.000
0.00000 0.50000 0.62500 1.000 1.000
0.50000 0.00000 0.62500 1.000 1.000
0.50000 0.50000 0.75000 1.000 1.000
0.00000 0.50000 0.87500 1.000 1.000
0.50000 0.00000 0.87500 1.000 1.000
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Space group name
Space group number
Setting number

Table S4

CsPb(To.25Bro.75)3
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Lattice parameters

a b c alpha
5.97250 5.97250 23.89000 90.0000

Unit-cell volume = 852.174301 A~3

Structure parameters
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0.00000 0.00000 0.00000
0.00000 0.00000 0.25000
0.00000 0.00000 0.50000
0.00000 0.00000 0.75000
0.50000 0.50000 0.12500
0.50000 0.50000 0.37500
0.50000 0.50000 0.62500
0.50000 0.50000 0.87500
0.50000 0.50000 0.00000
0.00000 0.50000 0.12500
0.50000 0.00000 0.12500
0.50000 0.50000 0.25000
0.00000 0.50000 0.37500
0.50000 0.00000 0.37500
0.50000 0.50000 0.50000
0.00000 0.50000 0.62500
0.50000 0.00000 0.62500
0.50000 0.50000 0.75000
0.00000 0.50000 0.87500
0.50000 0.00000 0.87500
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Space group number
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Table S5
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Lattice parameters

a b c alpha
5.87000 5.87000 23.48000 90.0000

Unit-cell volume = 809.047965 A"3

Structure parameters
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X \% z
0.00000 0.00000 0.00000
0.00000 0.00000 0.25000
0.00000 0.00000 0.50000
0.00000 0.00000 0.75000
0.50000 0.50000 0.12500
0.50000 0.50000 0.37500
0.50000 0.50000 0.62500
0.50000 0.50000 0.87500
0.50000 0.50000 0.00000
0.00000 0.50000 0.12500
0.50000 0.00000 0.12500
0.50000 0.50000 0.25000
0.00000 0.50000 0.37500
0.50000 0.00000 0.37500
0.50000 0.50000 0.50000
0.00000 0.50000 0.62500
0.50000 0.00000 0.62500
0.50000 0.50000 0.75000
0.00000 0.50000 0.87500
0.50000 0.00000 0.87500
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Figure S1. (a-e) Calculated the band structures of CsPbls, CsPb(lo.7sBro.s)s, CsPb(losBros)s, CsPb(lo.2sBrozs)s,
and CsPbBrs using the PBE-GGA method.

Fold2Bloch package

This program is intended to unfold the first-principle band structure of supercells
obtained with WIEN2Kk. It computed the Bloch spectral weight, which amounts to a Bloch
k-character of the particular energy eigenstates. It is implied that the supercell is
constructed from the primitive unit cell by repeating it NX, NY, NZ times along the
corresponding axes. This information is also used for unfolding. The spectral weight is
computed based on the plane wave coefficients read from a vector-file. Results of the
calculations a stored in the file case.f2b, which contains the unfolded k-points,
eigenvalues and the Bloch weights. Since the obtained band structure is somewhat
different from the regular one, a set of utilities is provided in order to assist with
visualization [1].

The spectral weight (SW) w,(k) amounts to a Bloch k-character of the n’th energy
eigenstates €, and fulfills the normalization[2]:

Yk wn(k) = 1.

With SW approch, one can investigate the direct observation of the valence band ant
crossing in CsPb(lixBrx)s which is difficult to identify in standard band structure
calculations [2]. By adding a small fraction of bromide (25% to 100%) in the host CsPbls
perovskite, results in a drastic increasing of their energy gap [2]. This wide band gap is


http://www.wien2k.at/

attributed to an anticrossing between the states of the host conduction band and the
bromide states.
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