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Figure S1. Geometric structures of Cs2NaBiCl6 containing the (a) MnCs defects (b) 

MnNaVCs defects (c) MnNaVNa defects (d) MnNaMnBi defects (local structure of MnNa 

in MnNaMnBi defects) (e) MnNaMnBi defects (local structure of MnBi in MnNaMnBi 

defects) (f) MnNa defects (g) MnBiVCl defects, respectively.

Figure S2. Geometric structures of Cs2AgBiCl6 containing the (a) MnCs defects (b) 

MnAgVCs defects (c) MnAgMnBi defects (local structure of MnAg in MnAgMnBi defects) 

(d) MnAgMnBi defects (local structure of MnBi in MnAgMnBi defects) (e) MnBiVCl 

defects (f) MnAg defects (g) MnAgVAg defects, respectively.



Figure S3. Scheme to describe the splitting of d-orbital from the (a) spherical to the (b) 
octahedral crystal field, respectively, as a result of the interaction of metal orbitals 
with ligand orbitals.



Table S1. Calculated IpCOHP in Cs2NaBiCl6:Mn2+ and Cs2AgInCl6:Mn2+ systems. 
The EF represents the Fermi level.

Distance (Å) IpCOHP at EF

Cs2NaBiCl6:Mn2+ Cl6-Mn29 2.34 -2.10

Cl10-Mn29 2.34 -2.10

Cl14-Mn29 2.34 -2.04

Cl18-Mn29 2.34 -2.04

Cl22-Mn29 2.34 -1.98

Cl26-Mn29 2.34 -1.98

Ave. IpCOHP -2.04

Cs2AgInCl6:Mn2+ Cl6-Mn25 2.42 -1.66

Cl13-Mn25 2.44 -1.62

Cl14-Mn25 2.42 -1.66

Cl15-Mn25 2.44 -1.62

Cl16-Mn25 2.42 -1.72

Cl17-Mn25 2.42 -1.72

Ave. IpCOHP -1.66



The detailed descriptions of computing the change in Dq and B, C

For Cs2NaBiCl6:Mn2+ systems, the PLE band peaking at ~ 297 nm and 358 nm are 

ascribed to the 6A1(6S)-4T1(4P) and 6A1(6S)-4T2(4D) transitions of Mn2+, respectively. 

The orange-yellow PL peak at 577 nm is attributed to the 4T1(4G)-6A1(6S) transitions 

of Mn2+. The equation (2), (3) and (5) in the main text can change to:

7𝐵 + 7𝐶 =
107

297
          (6)

17𝐵 + 5𝐶 =
107

358
        (7)

𝐸2 =
107

577
                      (8)

Connecting equations ( ) and ( ) above, we can obtain B and C are 324 cm-1 and 6 7

4486cm-1, respectively. The equation (4) in the main text can be simplified as:

𝐷𝑞 = {[36𝐵2(𝐸2 ‒ 10𝐵 ‒ 5𝐶)
19𝐵 + 7𝐶 ‒ 𝐸2

+ (10𝐵 + 7𝐶 ‒ 𝐸2)(10𝐵 + 5𝐶 ‒ 𝐸2)] 1
100

}
1
2      (9)

Taking the values of E2, B and C into the equation (9), then Dq = 1195 cm-1 is 

acquired. Thus, we obtain B = 324 cm-1, C = 4486 cm-1 and Dq = 1195 cm-1, 

respectively.

For Cs2AgInCl6:Mn2+ systems, the calculation steps are similar to the details 

discussed above. Thus, the calculation results of the B, C and Dq are 509 cm-1, 5071 

cm-1 and =1895 cm-1, respectively.



The detailed descriptions of how to draw the Tanabe-Sugano diagrams

We attach the original references about the Tanabe-Sugano diagrams for d5
 in here1 

(10.1143/JPSJ.9.766), which we draw Figure 8 in the manuscript by reference to this 

original literature.
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