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Computational Methods

For the selection of candidate elements, note that we cannot collect all the valence states
of elements and their corresponding ionic radii from previous works. Therefore, the common
ionic valence states of elements and their corresponding Shannon's ionic radii' are adopted the
rigid sphere model to empirically estimate the formability of compounds in this study. For
LFAPs, X;B[MN,], [MN,] is a tetrahedral structure replacing a single anion in the traditional
antiperovskites. We regard the tetrahedron as a large spherical shape and its circumferential
spherical radius r as an equivalent replacement, leading to the newly proposed Goldschmidt

tolerance factor ¢ of the LFAPs from the restriction of the rigid sphere model (Fig. 2):
t=(@+ry)/ V2 (rp+7x) and octahedral factor u;: Wy =1p/Ty . Where t<1 and

Hy= V2~ 1. For the tetrahedral structure, we define the tetrahedral factor u, of the LFAPs:

My =Tu/Ty . By the principle of maximum contact and the principle of no small disturbance,

when the four spheres N are tangent, and the sphere M is tangent to them in its cavity, it is the
minimum value of ry. The relation of radius » of outer cut sphere with positive four sides is:

rETy ATy = V6/4a=6/4+ 2y , (Fig. 2) where a is the tetrahedral edge length, leading

(o M =0.225

. Moreover, 20 LFAPs synthesized in the previous experiment works also are
induced with three factors to tighten up range of the corresponding LFAPs (see Table S2).

Therefore, considering experimental data, the range of corresponding tolerance factors are as

follows: 0.811 <t < 0.899, 1.040 =4, =1.265 ;4 0263 =1, <0531 1 yo case of

=1 (rB * rB ) is adopted.

mixed LFAPs, the average of ionic radii of B’ and B’’ ions,

Owing to lack of the research on antiperovskite with formula of X;B[MN,], only small
dataset with the reported antiperovskites of 20 are selected in this study. Noted that most of
anions in the experimental works are halogens, resulting in unavoidable limitations to

generation of novel antiperovskites with anions in other groups of the periodic table. Besides,

empirical parameters in the rigid sphere models are mostly originated from Shannon's ionic

4 —
radii basing on ionic bond. Since tetrahedrons connected by covalent bonds, such as [€O,]

sp? hybrid tetrahedron,? are not considered in this study.
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Table S1. The combination of formal oxidation states of each element in X;B[MN,]. LFAPs are divided

into four categories according to formal oxidation states of M ions.

Kind M(valence) N(valence) X(valence) B/ B’(valence)
1 +1 -1 +2 -3/-3
2 +2 -1 +1 -1/-1
3 +3 2 +2 -1/-1
4 +4 2 +2 -2/-2

Table S2. The ¢, u; and u, of previously reported antiperovskites. The ionic radii (rv, 7, 7B, 7'x) are

basing on the Shannon's ionic radii.!

Compound Space group ™ I'nB rx t M1 )72 Refs.
Cs;Br(HgBry) Pnma 096 196 1.74 0.891 1.126 0.490 3
Cs;Cl(HgCly) Pnma 096 181 1.74 0.898 1.040 0.530 4

Cs;I(Hgly) Pbca 096 220 1.74 0.879 1.264 0.436 5
Cs;Br(CdBry) [4/mcm 078 196 1.74 0.856 1.126 0.398 6

Cs;1(Cdly) Pnma 0.78 220 1.74 0.847 1.264 0.355 5
Cs;Cl(MnCly) [4/mcm 0.66 181 1.74 0.839 1.040 0.365 7
Rb;Br(MnBry) [4/mcm 066 196 1.61 0.838 1.217 0.337 8
Cs;Br(MnBry) [4/mcm 066 196 1.74 0.833 1.126 0.337 9

Cs3;I(Mnly) [4/mem 0.66 220 1.74 0.826 1.264 0.300 5
T1;Cl(FeCly) [4/mcm 0.63 1.81 1.59 0.838 1.138 0.348 9
Cs;Br(FeBry) [4/mcm 063 196 1.74 0.828 1.126 0.321 9
Cs;Cl(ZnCly) [4/mcm 0.60 1.81 1.74 0.827 1.040 0.331 10
Rb;Br(ZnBry) Pnma 060 196 1.61 0.826 1.217 0.306 11
Cs;Br(ZnBry) [4/mem 060 196 1.74 0.822 1.126 0.306 12

Cs;1(Znly) Pnma 0.60 220 1.74 0.815 1.264 0.273 13
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Cs;CI(NiCly)
T1;C1(CoCly)
Cs;C1(CoCly)
Cs;Br(CoBry)

Cs;1(Coly)

14/mcm
[4/mcm
14/mcm
[4/mcm

Pnma

0.55

0.58

0.58

0.58

0.58

1

1

1

1

2.

.81

.81

.81

.96

1.74 0.817

1.59 0.828

1.74 0.823

1.74  0.827

20 1.74 0.811

1.040 0.304

1.138  0.320
1.040 0.320
1.043  0.332

1.264 0.263

15

Table S3. Comparison of computed bandgaps of Basl, sF(5(SbSy), BasFy sl s(InSe,), Ca;O(Sn0O,), and

Rb;Cly 51p 5(Znly) by using PBE, SCAN and HSE06 functional, respectively.

Compound E,"BE (eV) ESCAN (eV) E11SE06 (eV)
Basly sFo £(SHS.) 1.41 1.56 1.96
Ba3F0'510'5(Inse4) 2.36 2.77 3.31
Ca;0(Sn0y) 1.17 1.57 2.55
Rb3C105105(ZnI4) 2.96 3.63 3.98

Table S4. The computed bandgaps of 49 eligible candidates by using SCAN functional.

Compound E, (eV) Compound E, (eV)
Sr;0(Sn0Oy) 1.5057 Cs;Br(MnBry) 3.434
Ca;0(Sn0y) 1.5692 K;Fg51p.5(MnBry) 3.455
Ba;F5155(SbSy) 1.5696 Rb3Cly 51 5(MnBry) 3.479
CazN(LiF,) 1.5885 K;3Brg sCly s(MnBry) 3.508
Ba;0y5Se5(SnSey) 1.639 K;Cl(MnBr,) 3.521
Ba;0q5Se5(SnSy) 2.1706 Rb;F 51p.5(MnBry) 3.523
Ba;005S05(SnSy) 2.2817 Cs3Clo sl s(MnBry) 3.569
Ba;F 51y 5(InSe,) 2.7714 Cs;Cl(MnCly) 3.588
Ba;F 515 5(InS,) 3.2622 Rb3Bry5Cly 5(MnBry) 3.626
Ba;0¢5S05(Z1rSy) 2.03 Rb;Cly sly 5(Znly) 3.6306
Ba;005Sos(HfS,) 2.064 Rb;CI(MnBry) 3.642
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Na;F(MnF,) 2.636 Rb;Br(MnBr,) 3.66
CS3C10'5IO.5(MHI4) 2.981 CS3BI'0_5C10_5(M1’1BI'4) 3.697
Rb3C10A510_5(MnI4) 3.005 Rb3F0A510_5(Zl’lBI'4) 3.7211
Ca,O(HfO,) 3.0501 Cs;CI(MnBr,) 3.722
Sr;O(HfO,) 3.0698 Css1(Znl,) 3.7486
CS3BI'0‘510_5(MI'II4) 3.07 K3C1(MHCI4) 3.752
CS3I(MHI4) 3.081 CS3C1()_5I().5(ZHI4) 3.7553
Ca3O(ZrO4) 3.0826 K3BI'0_5C10'5(M1'1C14) 3.768
Rb3BI'(Ml’lI4) 3.089 K3Br()A5C1()_5(ZnI4) 3.7716
CS3BI'0‘5C10_5(MI'II4) 3.136 K3Br0_5F0_5(MnCI4) 3.777
Cs;Br(Mnl,) 3.136 Cs3Bry sy s(Znl,) 3.7831
Sr;0(Zr0,) 3.163 Rb;Br(Znl,) 3.7933
Ca;O(T104) 3.3271 K3F0_510.5(MHC14) 3.794
Sr;0(TiO,) 3.3816
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Figure S1. Candidate space with tolerance factor(¢), octahedral factor(u;) and tetrahedron(u,) from the
rigid sphere model. 266 candidates are further screened out with constraint range of experimental

parameters.
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Figure S2. Simulations of AIMDs and phonon dispersion of (a) Ca;O(SnOy), (b) BaslysF(s5(SbSy), (c)
BasFyslos(InSey), (d) CasN(LiF,), (¢) Ca;O(TiO4), (f) Baz0y.5S0.5(ZrSs), (g) BazOq5S0.s(HIS,), and (h)

Rb;Cly Iy 5(Znly).
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Renormalized phonon dispersion relations (b) Renormalized phonon dispersion relations.
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Figure S3. Harmonic phonon spectrum and renormalized phonon spectrum ((a) 300K and (b) 500K)
with anharmonic terms for Baslj sF(5(SbS,). The phase diagrams of (a) Ca;O(TiO,) and (b) Ca;0(SnOy),

and the red region is the phase stable region.
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Figure S4. Computed DOSs of the Basl sF(5(SbS,), BasF 51y s(InSey), and Ca;O(SnO,) by using HSE06

functional.

| ——sh_s
\f\f\ ‘A: BaylysFp i(i‘*bs\ﬂ :gb';p

In_s
Se_p

Ba,F,sly5(InSe,)
N

|

|

|

|

i —op
: Ca;0(Sn0,) —Sn_s
I n _A_._

|

|

|

|

|

|

—0_p
Ca,0(Ti0,)

N e,

_o_p
M AM\' Ba,0, :S,5(ZrS,) —Sp
| —O_p
: Ba,0, S, «(HfS,) —Sp
| S (N e SU N
T
|
|

—Cl_p
—
/M i Rb:}C|O 5|075(Zn|4) Z_I"I) S
M AR =
-2 -1 0 1 2 S 4 5 ;

E-E;(eV)

Figure S5. Computed PDOSs of BaslysFos5(SbS4), BasF(slys(InSes), Caz;0(SnO,), CazO(TiOy),

Ba300‘5SO‘5(ZrS4), Ba300,5SO,5(HfS4), and Rb3C1()_5I(),5(ZIlI4) by U,Sil'lg SCAN functional.

BazFoslo.s(SbSy) BayFyslos(inSeq) Ca;0(Sn0;) Ca;0(Ti0,) Ba;00,550.5(ZrS4) Ba;0580.5(HfS,) Rb;Cly.5lp.5(Znl)

Figure S6. Spatial distributions of CBM and VBM of (a) BaslysFy5(SbS,), (b) BasFy sl s(InSey), (c)
Ca30(Sn0y), (d) Caz0(TiOy), (e) BazOgs5Sys(ZrS,), (f) BazOg5Sos(HfS,) and (g) RbsClyslys(Znly) by

using SCAN functional.
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Table S5. The hole and electron effective masses related to three orientations for candidates
Basly sFo.5(SbS,4), BasF sly s(InSe4), Caz0(SnOy), Ca;O0(TiOy), BazOg 5S.5(ZrS4), Baz0y 5S0.s(HfS,), and

Rb;Cly 51p 5(Znly) by using SCAN functional.

System Meq90 Meg19 Mo My109 Mpo10 Mpo01
Ba;F 51y 5(SbS,) 1.164 1.044 0.494 1.515 4.320 2.055
Ba;F sl s(InSey) 0.548 0.548 0.591 1.151 1.151 0.215
Ca;0(Sn0y) 0.431 0.431 0.372 2.684 2.684 1.284
Ca;0(TiOy) 1.749 1.749 1.705 3.044 3.044 0.618
Ba;05S05(ZrS,) 1.192 1.192 11.338  3.135 3.135 0.778
Ba;0,5S0.5(HfS,) 1.032 1.032 3.186 2.883 2.883 0.764
Rb;Cly 51y 5(Znly) 0.532 0.532 0.371 11.629  11.629  2.870
(@

Electron

Hole

BayFoslo.s(SbSy) BayFysls(InSe,) Ca,0(Sn0y,) Ca;0(Ti0,) Ba;0,,550.5(2rS4) Ba;0y 5Sy.5(HfS,) Rb;Cly slos(Znly)

Figure S7. Spatial distributions hole and electron in the excited state of (a) Ba;lysFos(SbSy), (b)
BasFsly5(InSey), (c) CazO0(Sn0Oy), (d) CazO(TiO,), (e) BazOqsSys(ZrSy4), (f) Ba;OgsS, s(HfS4) and (g)

Rb3C10'510'5(2n14).
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Figure S8. (a) Simulations of AIMD, (b) Phonon spectra, (c) band structure, (d) CCD, and (e) Spatial

distributions for ground state and excited state of the candidate Rb;Cl, sl s(MnBry).
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