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Fig. 1. Binding energy of the sixteen stacking patterns un-

der different interlayer distances.
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Fig. 2. (a) Top view of stacking pattern X; (b) side view of the pattern X. O, Si and C atoms are presented by red, yellow and grey

balls, respectively.
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Fig. 3. Band structure: (a) Graphether; (b) silicether; (c) silicether/graphether heterostrure. Points A, B and Cin panel (c) are the

positions of states A, B and C in the energy band structure respectively.
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Fig. 5. (a) Band gap variation of graphether/silicether heterostructure under biaxial strain; (b) energy of states B and C under bi-

axial strain; the partial density of the state of (c) silicether and (d) graphether in the heterostructure at - 6% strain; (e) the band

gap variation of silicether/graphether heterostructure under perpendicular electric field.
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Fig. 6. Band structure of silicether/graphether heterostructure under biaxial strain.
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Fig. 7. Band structure of silicether/graphether heterostructure under perpendicular electric field.
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Abstract

Since the discovery and synthesis of graphene, two-dimensional graphether and silicether materials have
been predicted as novel semiconductors. A novel two-dimensional silicether/graphether heterostructure is
designed by combining silicether and graphether, which has unique optical and electronic properties due to the
properties of a single material synthesized by heterostructures. The electronic and optical properties of
silicether /graphether heterostructure are studied by the first-principles calculations based on density functional
theory. The binding energy and layer spacing for each of all considered 16 stacking patterns of the
heterostructures are calculated. The results show that different stacking patterns have a small effect on the
binding energy of the heterostructure. When the layer spacing is 2.21 A, the stacking pattern in which the
concave oxygen atoms of graphether are on the top of the concave oxygen atoms of silicether is the most stable.
In addition, it has an indirect band gap of 0.63 eV, which is smaller than that of the silicether and graphether,
respectively. By changing the external electric field and the biaxial strain strength, the band gap of the
silicether /graphether heterostructure shows tunability. The compressive strain can increase the band gap of
silicether /graphether heterostructure, while the band gap decreases with the tensile strain increasing. Especially,
when the compressive strain is greater than —6%, the heterostructure undergoes an indirect-to-direct band gap
transition, which is beneficial to its applications in optical devices. When the external electric field is applied,
the band gap of the heterostructure changes linearly with the strength of the electric field, and the indirect
band gap characteristic is maintained. The absorption coefficient of silicether/graphether heterostructure shows
a strong peak in the ultraviolet light region. The maximum absorption coefficient can reach up to 1.7 x
10° cm ! around 110 nm. Compared with that of monolayer graphether and silicether, the optical absorption of
the heterostructure is significantly enhanced within the range from more than 80 nm to less than 170 nm. The
results show that silicether/graphether heterostructure has an outstanding optical absorption in the ultraviolet
region. Moreover, the silicether/graphether heterostructure also shows considerable absorption coefficient (1 X
10%—4 x 10* cm!) in the visible region, which makes it a potential material in photovoltaic applications. This

work may provide a novel material with a promising prospect of potential applications in nanodevices.

Keywords: first-principle, silicether/graphether heterostructure, electronic properties, optical properties

PACS: 31.15.E—, 61.46.—w, 73.22.—f, 78.20.Ci DOI: 10.7498/aps.70.20202193

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61974068, 11704198).

1 Corresponding author. E-mail: csliu@njupt.edu.cn

123102-8


http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1039/c3cp50391g
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1021/jp307124d
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1016/j.jallcom.2017.02.156
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1103/PhysRevB.58.R13371
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1021/ja211637p
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
http://doi.org/10.1063/1.4789420
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
https://doi.org/10.1039/C6TC01988A
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.1021/acsomega.8b01192
http://doi.org/10.7498/aps.70.20202193
http://doi.org/10.7498/aps.70.20202193
mailto:csliu@njupt.edu.cn
mailto:csliu@njupt.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

