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Figure 1: (a), (b) and (c) respectively stands for 3x3 supercell of the well-optimized side
elevation of 4 layer α, β and γ-PN. The balls in blue and pink represent nitrogen and
phosphorus atoms respectively. AA and AB stand for two kinds of stacking orders. dint
stand for side interlayer spacing of the three phases.
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Figure 2: (a), (b) and (c) respectively stands for thickness-dependence of the band gap for
α, β and γ phase. The letter M stands for the number of layers.
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CBM+1 CBM

VBM VBM-1

Figure 3: The charge density of the valence band maximum (VBM), VBM-1, conduction
band bottom (CBM), CBM+1 for two layered α-PN with AA stacking. The isosurface is

0.003 e/Å
3
). “-1” and “+1” respectively stands for down and up one energy level.
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(a) band structure with strain for  phase along lattice vector a

(b) band structure with strain for  phase along lattice vector b

X M Y X M Y M X M Y M X M Y M

Figure 4: (a) and (b) show the band gap as a function of strain for α-PN.
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(a) band structure with strain for  phase along lattice vector b

(b) band structure with strain for  phase along lattice vector a
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Figure 5: (a) and (b) show the band gap as a function of strain for β-PN.
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