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SI-1 The magnetic properties of B2XY monolayers

Figure S1 The electronic states of spin-up and spin-down channels for B2SSe, B2STe and B2SeTe 

monolayers.

The spin-polarized calculations (ISPIN=2) are performed to identify the magnetic properties of 

B2XY monolayers. As shown in Figure S1a-c, the electronic states in spin-up and spin-down 

channels are completely symmetric with respect to the zero level, which demonstrates that B2XY 

monolayers are non-magnetic.

SI-2 The VBM and CBM charge density of the B2STe monolayer

The reason for the disappearing VBM charge density of the B2STe monolayer is that the isosurface 

value is set as large as 0.0075 e·Bohr−3 in Figure 3 of our main manuscript. As shown in Figure S2, 

when the isosurface is reset as 0.0011 e∙Bohr-3, the VBM of the B2STe monolayer is more visualized 

and mainly distributed at the top surface. 
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Figure S2 The CBM and VBM charge density of the B2STe monolayer. The isosurface value is 

taken as 0.0011 e∙Bohr−3.

SI-3 The band structure, VBM and CBM levels with the Fermi level not reset

Figure S3 The band structures of (a) B2SSe, (b)B2STe and (c) B2SeTe monolayers at the 

HSE06+SOC level; (d) The band structure of the F-BNBN-H monolayer at the HSE06 level, with 

fermi level not reset. 

Table S1. The CBM, VBM and Fermi levels of B2XY and F-BNBN-H monolayers 

directly extracted from the VASP outcome, with fermi level not reset.

Species 𝐸 '
𝐶𝐵𝑀 𝐸 '

𝑉𝐵𝑀 𝐸𝐹𝑒𝑟𝑚𝑖

B2SSe -0.75 -4.10 -3.80

B2STe -0.81 -2.65 -2.38

B2SeTe -0.83 -2.92 -2.69

F-BNBN-H -4.06 -4.86 -4.53
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SI-4 The band alignment of B2XY and F-BNBN-H monolayers calculated by shifting the redox 

potentials of water 

As shown in Figure S4a-d, the band alignments of B2XY and F-BNBN-H monolayers are also 

obtained by shifting the redox potentials [1, 2]. For B2XY monolayers, their CBM is located on the 

bottom (00 ) surface, while their VBM is distributed on the top surface. The CBMs of B2XY 1̅

monolayers are higher than the shifted reduction potential of water for the bottom (00 ) surface. The 1̅

VBM of B2SSe monolayer is just below the shifted oxidation potential of water for the top (001) 

surface, and thus the B2SSe monolayer has very limited photocatalytic ability. The VBMs of B2STe 

and B2SeTe monolayers are higher than the shifted oxidation potential of water for the top (001) 

surface, which indicates the vanishing photocatalytic ability for B2STe and B2SeTe monolayers. 

Summarily, the B2SSe monolayer has limited photocatalytic ability, while B2STe and B2SeTe 

monolayers possess no photocatalytic ability.    

Figure S4 The band alignment of (a) B2SSe, (b) B2STe, (c) B2SeTe and (d) F-BNBN-H monolayers 

calculated by shifting the redox potential of water. The blue lines indicate the shifted reduction 

potential of water, while the green lines represent the shifted oxidation potential of water.

On the other side, the CBM of F-BNBN-H monolayer is much higher than the shifted reduction 

potential of water for the top (001) surface, and the VBM is much lower than the shifted reduction 

potential of water for the bottom (00 ) surface. Hence, the F-BNBN-H monolayer has good 1̅
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photocatalytic ability for water splitting. These analyses are well agreement with that in the main 

manuscript.
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