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Table S1. Shannon radius of elements in site A, M(I), M(III) and X1. 

Site Ion type Radius(Å) Site Ion type Radius(Å) 

A 

Cs
+
 1.88 

M(III) 

Al
3+

 0.535 

K
+
 1.64 As

3+
 0.58 

Na
+
 1.39 Au

3+
 0.85 

Rb
+
 1.72 Bi

3+
 1.03 

M(I) 

Ag
+
 1.15 Ga

3+
 0.62 

Au
+
 1.37 In

3+
 0.80 

Cu
+
 0.77 Sb

3+
 0.76 

In
+
 0.80  Sc

3+
 0.745 

K
+
 1.38 Y

3+
 0.9 

Li
+
 0.76 

X 

F
-
 1.33 

Na
+
 1.02 Cl

-
 1.81 

Rb
+
 1.52 Br

-
 1.96 

Tl
+
 1.50  I

-
 2.2 

Cs
+
 1.67   
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Figure S1. The structural factors of A2M(I)M(III)X6 compounds. 

 

 

Figure S2. Bandgaps distribution of 1026 A2M(I)M(III)X6 perovskite compounds derived from the Materials 

Project database2. 

 

 

 

Table S2. Predicted decomposition energies ∆𝐻𝐷
𝑃 of 23 A2M(I)M(III)X6 perovskite compounds3. 

Compound ∆𝑯𝑫
𝑷  (𝐞𝐕) Compound ∆𝑯𝑫

𝑷  (𝐞𝐕) 

Cs2AgAlBr6 0.1058 Cs2TlAsI6 0.0446 

Cs2AgGaCl6 0.1372 Cs2TlSbBr6 0.0517 

Cs2AgInCl6 0.1213 K2AgGaCl6 0.0866 

Cs2InBiBr6 0.0046 K2AgInCl6 0.0733 

Cs2InSbCl6 0.0043 K2AuAlCl6 0.1207 

Cs2KGaI6 0.0307 K2InSbCl6 -0.0435 

Cs2KInI6 0.0262 Rb2AgGaCl6 0.1028 

Cs2KTlBr6 0.0553 Rb2AgInCl6 0.0883 

Cs2LiTlBr6 0.0641 Rb2AuAlCl6 0.1381 



4 

Cs2NaTlBr6 0.0576 Rb2InSbCl6 -0.0276 

Cs2RbGaI6 0.0292 Rb2TlAsBr6 0.0359 

Cs2TlAsBr6 0.0682   

 

 

 

Figure S3. Bandgaps and structural factors of 13 selected A2M(I)M(III)X6 perovskite compounds, based on 

the Materials Project database2. 

 

Table S3. The calculated elastic constants C11, C12, C44, bulk modulus B, shear modulus G, Pugh’s ratio (B/G), 

Poisson’s ratio ν4 of Cs2KMI6 (M = Ga, I) based on the PBE functional5. 

 C11 (GPa) C12 (GPa) C44 (GPa) C11 - C12 C11 + 2C12 B (GPa) G (GPa) B/G v 

Cs2KGaI6 26.39 7.85 7.13 18.54 42.09 14.03 7.99 1.76 0.261 

Cs2KInI6 26.88 7.18 5.27 19.7 41.24 13.75 7.11 1.93 0.280 

 

Table S4. Calculated formation energies for CsaKbMcId (M = Ga, In) based on the PBE functional5. 
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Compound Cs2KGaI6 Cs2KInI6 CsI KI CsK2 

𝚫𝐇𝐂𝐬𝐚𝐊𝐛𝐌𝐜𝐈𝐝
(𝐞𝐕) -13.54  -13.82  -3.13 -3.00 -3.07 

Compound GaI3 Ga2I3 CsGa3 CsGa7 KGaI4 

𝚫𝐇𝐂𝐬𝐚𝐊𝐛𝐌𝐜𝐈𝐝
(𝐞𝐕) -2.01 -2.22 -0.67 -1.04 -5.31 

Compound InI InI2 InI3 CsIn3 Cs2In3 

𝚫𝐇𝐂𝐬𝐚𝐊𝐛𝐌𝐜𝐈𝐝
(𝐞𝐕) -0.97 -1.58 -2.03 -0.60 -0.87 
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Figure S4. Calculated formation enthalpies 𝐻𝐷,𝑞  of intrinsic defects in Cs2KMI6 (M = Ga, In) as the 

function of Fermi level Ef, corresponding the representative chemical potential points in Fig. 2: (a) A (Ga-

rich), (b) B (Ga-poor), (c) C (In-rich) and (d) D (In-poor). The solid lines show the trend of formation 
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enthalpies of the most stable charge states at particular defects change with Fermi level. The grey dashed lines 

represent the defects with high 𝐻𝐷,𝑞s. The slope of the line segment corresponds the charge state 𝑞, while 

the turning points correspond the charge-state transition energy levels. The Fermi level is aligned to the VBM 

of pristine crystals6. Charge-state transition levels of the major intrinsic defects: (e) Cs2KGaI6 (f) Cs2KInI6. 

 

 

Figure S5. Total and projected density of states (TDOSs and PDOSs) of (a) Cs2KGaI6 and (b) Cs2KInI6. The 

calculations are based on the HSE06 functional7, 8. 
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