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FIG. S1: Structures of the 24 perovskite-derived inorganic metal halide compounds (CsxByXz) used as structural prototypes (HY.001-HY.024)
to build the hybrid metal halide compound repository. The conventional-cell structures are shown in polyhedral style from the standard orienta-
tion of crystal shape using VESTA.1 ICSD number and Pearson symbol of each inorganic compound are given. Note that CsCrI3 ICSD 23383
and CsPbI3 ICSD 161480 share the same Pearson symbol of oP20, and to distinguish them, we denote the former with oP20, and the later
with oP20'.
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TABLE S1: Calculated properties for the reference compound MASnBr3 (cP5) using different functionals: lattice parameters (in Å), electron
(hole) effective masses m∗

e (m∗
h) (in m0) near the CBM (VBM), reduced effective mass (µ) (in m0), and decomposition enthalpy (∆Hd , in

eV/f.u.). m0 refers to the free electron rest mass. The experimentally measured lattice parameters are a = 5.837 Å and c = 5.853 Å.2

Functional
Lattice Parameters

m∗
e m∗

h µ ∆Hd
a b c

PBE 5.9538 5.9144 6.0039 0.31 0.18 0.11 0.26

vdW.D3 5.8446 5.8208 5.8533 0.32 0.12 0.09 0.22

optB86b 5.8289 5.8059 5.8473 0.32 0.14 0.10 0.21
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TABLE S2: Calculated electron and hole effective masses along major directions for the anisotropic tI14, hP14, hP28, and tI18 candidates. †
denotes effective masses calculated with spin-orbit coupling.

Prototype Brillouin
Candidates

Γ - Z Γ - X

Structure Zone m∗
e m∗

h m∗
e m∗

h

(MA)2GeBr4 0.89 2.04 0.11 0.23

(MA)2GeI4 0.80 38.73 0.10 0.23

(MA)2SnCl4 3.37 3.20 0.14 0.23

(MA)2SnBr4 4.36 2.29 0.10 0.16

(MA)2SnI4 4.12 8.38 0.09 0.15

(FA)2SnBr4 2.41 1.76 0.12 0.18

(AD)2GeI4 0.82 1.72 0.10 0.56

tI14 (AD)2SnBr4 1.07 1.89 0.13 0.26

(AD)2SnI4 1.17 1.19 0.10 0.22

Prototype Brillouin
Candidates

Γ - A M - K

Structure Zone m∗
e m∗

h m∗
e m∗

h

(MA)3In2I9 0.46 12.74 0.99 0.61

(MA)3Sb2Br9 0.33 0.41 0.52 2.66

(MA)3Sb2I9 0.38 0.31 0.33 0.31

(MA)3Bi2I9 0.41† 1.21† 0.63† 0.82†

(FA)3Ga2I9 2.37 50.87 0.76 1.17

(FA)3In2Br9 0.57 6.17 2.02 0.23

(FA)3In2I9 0.52 9.03 1.68 0.57

(FA)3Bi2I9 1.06† 10.46† 0.26† 0.75†

hP14 (AD)3Sb2Br9 0.50 0.43 0.65 1.65

(AD)3Sb2I9 0.36 0.31 0.40 2.94

(AD)3Bi2I9 0.51 0.66 0.46 1.26

Prototype Brillouin
Candidates

Γ - A M - K

Structure Zone m∗
e m∗

h m∗
e m∗

h

(FA)3Sb2I9 2.00 6.96 0.39 1.90

(AD)3In2I9 0.92 1.63 1.27 1.40

hP28

Prototype Brillouin
Candidates

Γ - Z Γ - X

Structure Zone m∗
e m∗

h m∗
e m∗

h

(MA)2ZrI6 0.80 1.59 8.46 0.98

(AD)2HfI6 3.20† 0.80† 2.54† 1.73†

(AD)2SnBr6 0.51 1.24 0.52 1.76

(AD)2TeBr6 1.69 2.17 2.15 1.03

tI18
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FIG. S2: Total energy during 5ps ab-initio molecular dynamics (AIMD) simulations at 300K for all the screened “tI14” compounds. In this and
subsequent figures, the Pearson symbols of analogue inorganic compounds including tI14, hP14, tI18, cF36, and hP28 are used to distinguish
the prototypes of the screened hybrid inorganic-organic materials.

4



-600

-590

-580

 1  2  3  4  5

(a) (MA)3In2I9
T

o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-630

-620

-610

 1  2  3  4  5

(b) (MA)3Sb2Br9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-610

-600

-590

 1  2  3  4  5

(c) (MA)3Sb2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-610

-600

-590

 1  2  3  4  5

(d) (MA)3Bi2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-660

-650

-640

 1  2  3  4  5

(e) (FA)3Ga2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-680

-670

-660

 1  2  3  4  5

(f) (FA)3In2Br9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-660

-650

-640

 1  2  3  4  5

(g) (FA)3In2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-670

-660

-650

 1  2  3  4  5

(h) (FA)3Bi2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-720

-710

-700

-690

 1  2  3  4  5

(i) (AD)3Sb2Br9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-700

-690

-680

 1  2  3  4  5

(j) (AD)3Sb2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

-700

-690

-680

 1  2  3  4  5

(k) (AD)3Bi2I9

T
o
ta

l 
E

n
er

g
y
 (

eV
)

Time (ps)

FIG. S3: Total energy during 5ps ab-initio molecular dynamics (AIMD) simulations at 300K for all the screened “hP14” compounds.
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FIG. S4: Total energy during 5ps ab-initio molecular dynamics (AIMD) simulations at 300K for all the screened “tI18” compounds.
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FIG. S5: Total energy during 5ps ab-initio molecular dynamics (AIMD) simulations at 300K for all the screened “cF36” compounds.
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FIG. S6: Total energy during 5ps ab-initio molecular dynamics (AIMD) simulations at 300K for all the screened “hP28” compounds.
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