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Table S1. Structures, band gaps and characters of group V and group IV-VI 
monolayers.

Class Structure Type Band gap(eV) Charater

(N)Nitrogene β[a] 5.90 [1] insulator
α[b] 1.0 [2] direct

(P)Phosphorene
β ~2.0 [3] indirect
α 0.83 [4] indirect

(As)Arsenene
β 2.49 [5]

1.64  (PBE)[21]
indirect

α 0.28 [6] indirect
(Sb)Antimonene

β 2.28 [5]

0.76  (PBE)[3]
indirect

group V
monolayers

(Bi)Bismuthene β 0.03[7]  
(HSE06+SOC)[7]

direct
α 1.44 [8] indirect

SiS
β 2.26 [8] indirect

GeSe β 1.54 [9] direct

isoelectroni
c analogs to 

group V
SnTe (001)[c] TCI[d][10]

GeS β 2.32 [9] indirect
SnS β 1.96 [9] indirect

group IV-
VI 

monolayers binary 
counterparts 
of group V

PbTe (001) TCI[10]

[a] β refers to buckled or graphene-like. [b] α refers to puckered or black-phosphorene-like

[c] (001) refers to (001) monolayer of rocksalt IV−VI semiconductors.

[d] TCI: topological crystalline insulator;

[e] SOC: spin-orbit coupling;
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