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GGA-1/2 method 

The details of the GGA-1/2 method were given in refs [1, 2], which introduced a half-ionization 

state of individual atoms by removing 1/2 electron from the occupied levels that contribute the top of 

the valence bands. In this method, the atomic self-energy potential VS
 is expressed as 

V V(0, ) V( 1/ 2, )S r r                                                                 (1) 

where V(0, )r  and V( 1/ 2, )r  denote the all-electron potentials of the atom and half-ion, respectively. 

To avoid the Coulomb tail (of 1/2 electron) penetrating into the neighboring atoms, the self-energy 

potentials should be trimmed as V = (r)VS S
   with a cutoff function ( )r  
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The occupation number n  and cutoff radius CUT can be determined in a variation way to 

maximize the band gap of the crystal. In this work, the half ionizations are applied to the p-orbital of 

the P and I atoms. In details, the values of n  and CUT (a.u.) are set as listed in the Table 1 according 

the refs [3, 4]. 

 

Table 1 Values of the occupation number n  and cutoff radius CUT adopted in the GGA-1/2 

calculations. 

Atom Half-ionized orbital n CUT (a.u.) 

P p 8 3.16 

I p 30 3.32 

 

Model details 

The optimized lattice parameters of the cubic CsPbI3 bulk and monolayer BP are 

6.386a b c    Å， and 3.299a   Å, 4.621b   Å, respectively, which are in line with the 

previous reports.
[5, 6]

 By following the same approach as that reported in our previous studies,
[7,8]

 the 

CsPbI3/BP vdW heterostructure can be constructed by stacking the 2×4 monolayer BP on the exposing 

(110) surfaces of 1×3 CsPbI3 slab. The calculated CsPbI3 cell parameters are employed to build the 

periodic super cell along x  and y  directions, leaving 20 Å vacuum along the z-direction to exclude 
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the interaction between the neighboring slabs. Moreover, the size and shape of the CsPbI3 slab 

together with the positions of bottom two-layer atoms are fixed during the ionic relaxation of interface 

structures. In particular, there are PbI2- and CsI-terminated surfaces for the CsPbI3 slab, which are the 

most probably exposed surface under PbI2-rich and PbI2-poor conditions, respectively. Accordingly, 

we construct two types of CsPbI3/BP heterostructures, namely PbI2/BP (86 atoms) and CsI/BP (83 

atoms) interfaces. 

 

 

Table S1. Bader charge (in eV) of P atoms in BP calculated with GGA and GGA-1/2 

methods. 

 
GGA GGA-1/2 

min max min max 

1L 4.993 5.007 4.994 5.006 

2L 4.997 5.003 4.998 5.002 

3L 4.994 5.006 4.992 5.008 

4L 4.992 5.008 4.991 5.009 

5L 4.994 5.006 4.992 5.008 

Bulk 4.966 5.034 4.959 5.041 

 

 

 

 

 

Fig. S1. 2D ELF slices crossing the interface atoms of the three-layer BP calculated with (a) GGA and 

(b) GGA-1/2 methods. 
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Fig. S2. Projected band structures of (a) PbI2/BP and (b) CsI/BP interfaces calculated with GGA 

functional. The red and blue colors indicate the bands dominated by the monolayer BP and CsPbI3 

slab, respectively. The Fermi levels are denoted with dashed lines. 
 

 

Fig. S3. Calculated energy levels with the GGA-1/2+SOC method for (a) PbI2/BP and CsI/BP 

interfaces. 
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