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Table. S1 Optimal lattice parameters as well as other information (MoSSe_MoS2 Heterostructure) 
AAI

Lattice 
consta
nt (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramet
er (alat) 
a.u

 the 
Fermi 
energ
y ( 
ev)               

hydrostat
ic 
pressure 
(kbar)

total 
energy  
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersi
on Force    

Total 
SCF 
correctio
n     

3.22 1514.88
26

 6.0849 3.154
1

-3.86 -
1328.98
4

90 560 0.00328
1

 
0.00038
6

relax 1514.88
26

 6.0849  
3.101
5

0.27 -
1328.98
9

90 560 0.00322
5

0.00002
3

AAI-Se:
Lattice 
consta
nt (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramet
er (alat) 
a.u

 the 
Fermi 
energ
y ( 
ev)               

hydrostat
ic 
pressure 
(kbar)

total 
energy  
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersi
on Force    

Total 
SCF 
correctio
n     

3.22 1514.88
26

 6.0849 3.154
1

-3.86 -
1328.98
4

90 560 0.00328
1

0.00038
6

relax 1514.88
26

 6.0849 3.101
5

0.27  -
1328.98
9

90 560  
0.00322
5

 
0.00002
3

AAII:

Lattice 
consta
nt (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramet
er (alat) 
a.u

 the 
Fermi 
energ
y ( 
ev)               

hydrostat
ic 
pressure 
(kbar)

total 
energy  
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersi
on Force    

Total 
SCF 
correctio
n     

3.22 1514.88
26

6.0849 3.743
8

15.85 -
1328.92
3

90 560  
0.00686
7

0.00021
5

relax 1514.88
26

6.0849  
3.538
7

 0.32 -
1328.99
2

90 560  
0.00412
0

 
0.00002
0

AAII-Se:

Lattice 
consta
nt (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramet
er (alat) 
a.u

 the 
Fermi 
energ
y ( 
ev)               

hydrostat
ic 
pressure 
(kbar)

total 
energy  
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.22  
1514.882

6.0849 3.354
0

2.58 -
1328.97

90 560  
0.006333

0.00033
2



6 3
Relax  

1514.882
6

6.0849 3.136
9

0.24  -
1328.99
4

90 560 0.004170 0.00003
5

ABI:

Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.24 1533.759
5

 6.1227 3.874
5

0.76 -
1328.94
9

90 560 0.009543  
0.00022
7

Relax 1533.759
5

 6.1227  
3.442
1

 -4.05 -
1328.99
1

90 560 0.004060  
0.00000
6

ABI-Se:

Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.23 1524.306
5

6.1038 3.313
6

-2.63 -
1328.97
8

90 560 0.005814  
0.00043
9

Relax 1524.306
5

6.1038 3.078
7

-1.82  -
1328.99
3

90 560 0.004253 0.00002
7

ABII:

Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.23 1524.306
5

 6.1038  
3.826
9

6.17 -
1328.94
6

90 560  
0.007854

0.00013
8

Relax 1524.306
5

 6.1038 3.517
1

-1.81 -
1328.99
2

90 560   
0.004067

 
0.00001
1

ABII-Se:
Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy  
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     



3.22 1514.882
6

 6.0849  
3.075
0

-4.78 -
1328.98
4

90 560 0.004091  
0.00029
9

Relax 1514.882
6

 6.0849 3.154
5

 0.84  -
1328.99
4

90 560 0.004120 0.00002
4

Table. S2 Optimal lattice parameters as well as other information (WSSe_MoS2 Heterostructure) 

AAI:
Lattice 
constan
t (Ao) 
a=

unit-cell 
volume 
(a.u.)^3

attice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

   total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.22 1514.882
6

6.0849  
3.664
7

-4.61  -
1725.33
3

90 560 0.005128  
0.00048
1

relax 1514.882
6

 6.0849 3.593
1

0.58 -
1725.33
7

90 560 0.005062 0.00006
5

AAI-Se:
Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.22  
1514.882
6

 6.0849 3.352
4

 -3.90 -
1725.33
1

90 560  
0.005265

 
0.00006
4

relax  
1514.882
6

 6.0849  
3.296
5

 -0.34   -
1725.33
8

90 560 0.004932  
0.00005
4

AAII:
Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.22 1514.882
6

 6.0849 3.949
5

15.45 -
1725.27
6

90 560 0.008698 0.00031
1

Relax 1514.882
6

6.0849 3.748
8

0.96 -
1725.34
3

90 560 0.006267  
0.00003
4

AAII-Se:

Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.22  
1514.882

 6.0849 3.374
0

 -5.06 -
1725.34

90 560 0.006242 0.00042
7



6 0
relax  

1514.882
6

 6.0849 3.338
1

 0.17 -
1725.34
4

0.006149 0.00004
4

ABI:
Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.24 1533.759
5

6.1227  
3.965
0

4.75  -
1725.28
5

90 560 0.014114 0.00031
8

Relax 1533.759
5

6.1227 3.984
7

24.94 -
1725.31
8

90 560 0.011711  
0.00014
6

ABI-Se
Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.24 1533.759
5

6.1227  
3.607
2

 -1.76 -
1725.31
3

90 560   
0.010838

 
0.00018
9

relax 1533.759
5

6.1227 3.224
8

-3.99  -
1725.34
2

90 560  
0.005931

 
0.00002
1

ABII:

Lattice 
constan
t (A) 
a=

unit-cell 
volume 
(a.u.)^3

lattice 
paramete
r (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

total 
energy 
(Ry)

Ecutwf
c

Ecutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.23 1524.306
5

 6.1038 4.055
2

7.13  -
1725.29
3

90 560 0.009531 0.00011
8

Relax 1524.306
5

 6.1038  
3.665
8

 -2.89 -
1725.34
3

90 560  
0.005988

 
0.00000
8

ABII-Se:

Lattice 
consta
nt (Ao) 
a=

unit-cell 
volume 
(a.u.)^3

attice 
paramet
er (alat) 
a.u

 the 
Fermi 
energ
y ( ev)               

hydrostati
c 
pressure 
(kbar)

   total 
energy 
(Ry)

Ecutwf
c

ECutrh
o

Total 
Dispersio
n Force    

Total 
SCF 
correctio
n     

3.23 1524.306
5

6.1038  
3.419
0

-5.94 -
1725.33
6

90 560  
0.008042

 
0.00012
2

relax 1524.306
5

6.1038  
3.349
0

 0.44 -
1725.34
4

90 560 0.006184  
0.00003
1



Figure S1: Density of state of the three heterostructures are presented. The green, blue, red and black 
line represents the s-orbital, p- orbital, d- orbital and sum of the orbitals.


