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The calculation detail for the decomposition energy:

In order to investigate their thermal stabilities, the decomposition 

energies of BaSnS2 with group-ШA element doping at Sn site at 25% 

doping concentration were calculated. The decomposition energies ( ) ∆𝐸𝐷

are calculated by the total energy of BaSn0.75ШA 0.25S2(ШA = Al, Ga and 

In) subtracting the sum of the total energies of the decomposition 

products. 

 Six different decomposition pathways are considered to calculate the 

decomposition energy:

Path-I: 

 ( =-0.70 eV)
𝐵𝑎𝑆𝑛0.75𝐴𝑙0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐵𝑎𝐴𝑙2𝑆4 +
1
8

𝐵𝑎 ∆𝐸𝐷
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( =-0.82 eV)
𝐵𝑎𝑆𝑛0.75𝐺𝑎0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐵𝑎𝐺𝑎2𝑆4 +
1
8

𝐵𝑎 ∆𝐸𝐷

 ( =-0.92 eV)
𝐵𝑎𝑆𝑛0.75𝐼𝑛0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐵𝑎𝐼𝑛2𝑆4 +
1
8

𝐵𝑎 ∆𝐸𝐷

Path-Ⅱ:

 ( =-0.63 eV)
𝐵𝑎𝑆𝑛0.75𝐴𝑙0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐴𝑙2𝑆3 +
1
8

𝐵𝑎𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷

 ( =-0.76 eV)
𝐵𝑎𝑆𝑛0.75𝐺𝑎0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐺𝑎2𝑆3 +
1
8

𝐵𝑎𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷

 ( =-0.83 eV)
𝐵𝑎𝑆𝑛0.75𝐼𝑛0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐼𝑛2𝑆3 +
1
8

𝐵𝑎𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷

Path-Ш:

 ( =-0.76 eV)
𝐵𝑎𝑆𝑛0.75𝐴𝑙0.25𝑆2→

7
8

𝐵𝑎𝑆 +
1
8

𝐴𝑙2𝑆3 +
3
4

𝑆𝑛𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷

 ( =-1.04 eV)
8𝐵𝑎𝑆𝑛0.75𝐺𝑎0.25𝑆2→

7
8

𝐵𝑎𝑆 +
1
8

𝐺𝑎2𝑆3 +
3
4

𝑆𝑛𝑆2 +
1
8

𝐵𝑎 ∆𝐸𝐷

 ( =-0.81 eV)
8𝐵𝑎𝑆𝑛0.75𝐼𝑛0.25𝑆2→

7
8

𝐵𝑎𝑆 +
1
8

𝐼𝑛2𝑆3 +
3
4

𝑆𝑛𝑆2 +
1
8

𝐵𝑎 ∆𝐸𝐷

Path-Ⅳ:

 ( =-1.54 eV)
𝐵𝑎𝑆𝑛0.75𝐴𝑙0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1

12
𝐴𝑙2𝑆3 +

1
4

𝐵𝑎𝑆 +
1
6

𝐴𝑙 ∆𝐸𝐷

 ( =-2.09 eV)
𝐵𝑎𝑆𝑛0.75𝐺𝑎0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1

12
𝐺𝑎2𝑆3 +

1
4

𝐵𝑎𝑆 +
1
6

𝐺𝑎 ∆𝐸𝐷

 ( =-1.82 eV)
𝐵𝑎𝑆𝑛0.75𝐼𝑛0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1

12
𝐼𝑛2𝑆3 +

1
4

𝐵𝑎𝑆 +
1
6

𝐼𝑛 ∆𝐸𝐷

Path-Ⅴ

( =-0.66 eV)
𝐵𝑎𝑆𝑛0.75𝐴𝑙0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1

16
𝐵𝑎𝐴𝑙4𝑆7 +

1
8

𝐵𝑎𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷



( =-0.79eV)
𝐵𝑎𝑆𝑛0.75𝐺𝑎0.25𝑆2→

3
4

𝐵𝑎𝑆𝑛𝑆2 +
1

16
𝐵𝑎𝐺𝑎4𝑆7 +

1
8

𝐵𝑎𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷

Lack since no crystal structure information of BaIn4S7 is found. 

Path-Ⅵ
Lack since no crystal structure information of Ba2Al2S5 is found.

( =-1.11 eV)
𝐵𝑎𝑆𝑛0.75𝐼𝑛0.25𝑆2→

5
8

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐵𝑎2𝐼𝑛2𝑆5 +
1
8

𝑆𝑛𝑆 +
1
8

𝐵𝑎  ∆𝐸𝐷

 ( =-1.01 eV)
𝐵𝑎𝑆𝑛0.75𝐺𝑎0.25𝑆2→

5
8

𝐵𝑎𝑆𝑛𝑆2 +
1
8

𝐵𝑎2𝐺𝑎2𝑆5 +
1
8

𝑆𝑛𝑆 +
1
8

𝐵𝑎 ∆𝐸𝐷

Fig. S1. Fluctuation of the free energy of BaSnS2 with Al doping at Sn 

site at 25% doping concentration during the Ab initio molecular dynamic 

simulation at 300 K within 10 ps.  



Fig. S2. Fluctuation of the free energy of BaSnS2 with Ga doping at Sn 

site at 25% doping concentration during the Ab initio molecular dynamic 

simulation at 300 K within 10 ps.  

Fig. S3. Fluctuation of the free energy of BaSnS2 with In doping at Sn 

site at 25% doping concentration during the Ab initio molecular dynamic 

simulation at 300 K within 10 ps.  



Fig. S4. The formation energies of substitution defects and their 

complexes in group-ⅢA element doped BaSnS2 by using 2×1×1 

supercells.

Fig. S5. The band structures of BaSnS2 with Al doping at Sn site after the 

implementation of the strain in the range of -4%-4%.



Fig. S6. The band structures of BaSnS2 with Ga doping at Sn site after the 

implementation of the strain in the range of -4%-4%.   

Fig. S7. The band structures of BaSnS2 with In doping at Sn site after the 

implementation of the strain in the range of -4%-4%.

Fig. S8. The theoretical efficiencies of BaSnS2 with group-ШA element 

doping at Sn site at 25% doping concentration as a function of absorber 

thickness after considering the strain engineering in the range of -4%-4%.



Fig. S9. The band structures of BaSnS2 with group-ⅢA element doping at 

Ba site at 25% doping concentration.


