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B 1 k)R 2 5-Te PR EAMARE () Perfect; (b) SV-1; (c) SV-2; (d) DV-1; (e) DV-2; (f) SW-1; (g) SW-2; (h) SW-3.
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Fig. 1. Top and side views of optimized monolayer 5-Te: (a) Perfect; (b) SV-1; (¢) SV-2; (d) DV-1; (e) DV-2; (f) SW-1; (g) SW-2;
(h) SW-3. The red dotted rectangle represents the unit cell with lattice constants a and b, and dark rectangle represents the first

Brillouin zone. Green marks the atoms at the vicinity of defects, and red marks the rotating bonds in SW defects.
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Table 1. The comparison of formation energies of various point defects in monolayer $-Te and other two-dimensional
monoelemental materials. The unit of energy is eV.".
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A B0 (AR 30) 8.15 — — 7.40 6.11 7.17 5.41 — —
A1 58075 (Ref. [45,46])  7.30—7.50 — — 7.20—7.90 6.40—7.50 7 4.50—5.30 — —
TS (Ref.[34]) 3.01 3.77 — 3.70 2.84 — 2.09 — —
Wk (Ref. [35]) 1.63 2.03 — 1.91—3.04 2.08—2.61 2.13 1.01—1.32 — —
T4 (Ref. [36]) 2.06—2.38 2.05—2.32 2.03—2.28 1.94—2.40 1.82—2.52 — 1.07—1.29 —
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(a) Perfect; (b) SV-1; (¢) SV-2; (d) DV-1; (e) DV-2; (f) SW-1; (g) SW-2; (h) SW-3, T« £ FIZL (4 507 4>

Fig. 2. Band structure and density of states: (a) Perfect; (b) SV-1; (c¢) SV-2; (d) DV-1; (e) DV-2; (f) SW-1; (g) SW-2; (h) SW-3.
The defect-induced energy levels and band gaps are marked by the label “f” and red numbers, respectively.
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Fig. 3. The Bloch states in defect-induced levels: (a) SV-1; (b) SV-2; (¢) DV-1; (d) DV-2; (e) SW-1; (f) SW-2; (g) SW-3. fi, fo, f5 in-

dicate the corresponding levels in Fig.2.
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Fig. 4. The real part of dielectric function: (a) Perfect; (b) SV-1; (¢) SV-2; (d) DV-1; (e) DV-2; (f) SW-1; (g) SW-2; (h) SW-3. The
blue and dark cyan curves represent z and y directions, respectively. The main peaks are marked by A and the defect-induced peaks

are marked by B, and the dotted lines are the real part of dielectric function of perfect monolayer.
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Table 2.  Static dielectric constant and defect peak energy coordinate of the real part curve.
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Fig. 5. The imaginary part of dielectric function: (a) Perfect; (b) SV-1; (c¢) SV-2; (d) SW-1; (e) SW-2; (f) SW-3; (g) DV-1; (h) DV-
2. The main peaks are marked by A and the defect-induced peaks are marked by B, and the dotted lines are the imaginary part of

dielectric function of perfect monolayer.
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Table 3.  Energies coordinates of defect-induced

peaks in the imaginary part of dielectric function.
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Fig. 6. The optical absorption coefficient of monolayer 3-Te: (a) Perfect; (b) SV-1; (¢) SV-2; (d) DV-1; (e) DV-2; (f) SW-1; (g) SW-
2; (h) SW-3. The main peaks are marked by A and the defect-induced peaks are marked by B, and the dotted lines are the optical

absorption coefficient of perfect monolayer.
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Table 4. Energies coordinates of defect-induced
peaks in absorption coefficient and corresponding

transition between energy levels.

ﬁ/}f 27 1] yjﬂlﬁl

E.g feft/eV  XTNIERIT B /eV  XTRERIT
SV-1  0.38 fi—h 0.63 Wl - f,
Sv-2 112 WAl £
DV-1 — — 0.72 W Ti—f,
SW-2  — — 0.62 ik, WrilFTi—f

166301-8


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

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 16 (2021)

166301

ARSCHE T — P R B 5 A R AT T
25 KA SW R FEXT BRLZ B-Te ) HLF-45 1)
G2k R R, 380 LR EELsi: 1) s
B WAL SWERFEAE LS 3-Te HTE B ARG
THA =2 AR (7 880 | R0 | BRI RS ) H )
BRBATE BLRE, S5 ARG R HZE 3-Te thg] AX
SEERRE. SV-2 Fl SW-1 Sl it B s 4544 Jo 2 5,
T O I A RE R AR, 2) Bl FE & A XA 2 -
Te i B 5 BE (1752 8/, A5 25 [ Jay 385 14 S
A, BBAEZE B-Te BIESHE b ) BN [R1 45 i 1) SR
fiEg%. SV-1, SV-2, DV-1 il SW-2 FIVERZELL TR
RER 2% 0T, m] B B T A2 A oD I ol
SW-1 HIVE S TR REH A=, 1 DV-2 Fl SW-
3[Rl I TR RE G A= S AR RE G 24 R /E . SW-1,
SW-2 il DV-1 ffif5 Bz 5-Te Tl IR AL & % LE f
B, i BN A B AR S AT B 3) B AR
J&, HJZ B-Te M5 A H BRI SR L HETH LA 2
WSRO Ze e R BB 0 0, W BT RN B 5 R
KM YIF . SV-1, DV-1, DV-2 il SW-2 U
BRPAREH R E)Z 5-Te FEARAE X WG N | )L g
F1 KWL ARSI R 25184 R 2 3-Te FEHLF
DG P2 LR R — 1 B .

S7% 30k

[1] Novoselov K S, Geim A K, Morozov S V, Jiang D, Zhang Y,
Dubonos S V, Grigorieva I V, Firsov A A 2004 Science 306
666

[2] Vogt P, De Padova P, Quaresima C, Avila J, Frantzeskakis
E, Asensio M C, Resta A, Ealet B, Le Lay G 2012 Phys. Rev.
Lett. 108 155501

[3] Qin Z J 2017 Acta Phys. Sin. 66 216802 (in Chinese) [Z&#%
2017 Y4 66 216802]

[4] Zhu F F, Chen W J, Xu Y, Gao C L, Guan D D, Liu C H,
Qian D, Zhang S C, Jia J F 2015 Nat. Mater. 14 1020

[5] Liu H, Neal A T, Zhu Z, Luo Z, Xu X, Tomanek D, Ye P D
2014 ACS Nano 8 4033

[6] JiJ, Song X, Liu J, Yan Z, Huo C, Zhang S, Su M, Liao L,
Wang W, Ni Z, Hao Y, Zeng H 2016 Nat. Commun. 7 13352

[7] Manzeli S, Ovchinnikov D, Pasquier D, Yazyev O V, Kis A
2017 Nat. Rev. Mater. 2 17033

[8] Radisavljevic B, Radenovic A, Brivio J, Giacometti V, Kis A
2011 Nat. Nanotechnol. 6 147

[9] Gu P C, Zhang K L, Feng Y L, Wang F, Miao Y P, Han Y
M, Zhang H X 2016 Acta Phys. Sin. 65 018102 (in Chinese)
(Bt i, KA S, SRR, EI5, BARTE, #irti, sk 2016
YR 65 018102]

[10] Zhu Z, Cai X, Yi S, Chen J, Dai Y, Niu C, Guo Z, Xie M,
Liu F, Cho J H, Jia Y, Zhang Z 2017 Phys. Rev. Lett. 119

(1]

2]
[13]
[14]
[15]
[16]

(17]
(18]

[19]
[20]
[21]
[22]
23]

[24]
(25]

[26]
27]

28]

(29]
30]
(31]
(32]
(33]
34]

35]
(36]

(37]

(38]
(39]

(40]

[41]
[42]

(43]
(44]
(45]

166301-9

106101

Apte A, Bianco E, Krishnamoorthy A, Yazdi S, Rao R,
Glavin N, Kumazoe H, Varshney V, Roy A, Shimojo F, Ringe
E, Kalia R K, Nakano A, Tiwary C S, Vashishta P, Kochat
V, Ajayan P M 2018 2D Mater. 6 015013

Wang Y X, Qiu G, Wang R X, et al. 2018 Nat. Electron. 1
228

Wang Q, Safdar M, Xu K, Mirza M, Wang Z, He J 2014 ACS
Nano 8 7497

Chen J, Dai Y, Ma Y, Dai X, Ho W, Xie M 2017 Nanoscale 9
15945

Xie Z, Xing C, Huang W, et al. 2018 Adv. Funct. Mater. 28
1705833

He Q, Liu Y, Tan C, Zhai W, Nam G-h, Zhang H 2019 ACS
Nano 13 12294

Shi Z, Cao R, Khan K, et al. 2020 Nano-Micro Lett. 12 99
Qiao J, Pan Y, Yang F, Wang C, Chai Y, Ji W 2018 Sci.
Bull. 63 159

Xu Y, Shi Z, Shi X, Zhang K, Zhang H 2019 Nanoscale 11
14491

Lim D, Kannan E S, Lee I, Rathi S, Li L, Lee Y, Khan M A,
Kang M, Park J, Kim G-H 2016 Nanotechnology 27 225201
Hong S, Im H, Hong Y K, Liu N, Kim S, Park J H 2018 Adv.
Electron. Mater. 4 1800308

LvY W, Liu Y, Qin W J, Chang S, Jiang C Z, Liu Y Y, Liao
L 2019 IEEE T. Electron. Dev. 66 2365

Sharma S, Singh N, Schwingenschlogl U 2018 ACS Appl.
Energ. Mater. 1 1950

Stone A J, Wales D J 1986 Chem. Phys. Lett. 128 501

Meyer J C, Kisielowski C, Erni R, Rossell M D, Crommie M
F, Zettl A 2008 Nano. Lett. 8 3582

Zhou W, Zou X, Najmaei S, et al. 2013 Nano. Lett. 13 2615
Liu N S, Zhou S, Zhao J J 2019 Acta Phys. -Chim. Sin. 35
1142 (in Chinese) [XIFi&F, A, L2 2019 P REb: 24
35 1142]

Yang S B, Li S N, Shen D, Tang S W, Sun W, Chen Y H
2017 Acta Phys. -Chim. Sin. 33 520 (in Chinese) [#Zit, 2=
R, T, FERS, PIE, BRIRHE 2017 ERILeAeRA 83 520]
Zheng H L, Yang B S, Wang D D, Han R L, Du X B, Yan Y
2014 Appl. Phys. Lett. 104 132403

Cai Y Q, Zhou H B, Zhang G, Zhang Y W 2016 Chem.
Mater. 28 8611

Li A, Pan J, Yang Z, Zhou L, Xiong X, Ouyang F 2018 J.
Magn. Magn. Mater. 451 520

Dai X, Yang Z, Li A, Yang J, Ouyang F 2019 Superlattice
Microst. 130 528

Wang X H, Wang D W, Yang A J, Koratkar N, Chu J F, Lv
P L, Rong M Z 2018 Phys. Chem. Chem. Phys. 20 4058

Gao J, Zhang J, Liu H, Zhang Q, Zhao J 2013 Nanoscale 5
9785

Hu W, Yang J L 2015 J. Phys. Chem. C 119 20474

Liu X X, Liu L Z, Yang L, Wu X L, Chu P K 2016 J.Phys.
Chem. C'120 24917

Gao J F, Zhang J F, Liu H S, Zhang Q F, Zhao J J 2013
Nanoscale. 5 9785

Hu W, Yang J 2015 Phys. Chem. C 119 20474

Liu X, Liu L, Yang L, Wu X, Chu P K 2016 J. Phys. Chem.
C'120 24917

Soler J M, Artacho E, Gale J D, et al. 2002 J. Phys.-
Condens. Mat. 14 2745

Troullier N, Martins J L 1991 Phys. Rev. B 43 1993

Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett. T7
3865

Monkhorst H J, Pack J D 1976 Phys. Rev. B 13 5188

Reed M B 2009 Int. J. Comput. Math. 86 606

Ma J, Alfe D, Michaelides A, Wang E 2009 Phys. Rev. B 80


http://doi.org/10.1126/science.1102896
http://doi.org/10.1126/science.1102896
http://doi.org/10.1126/science.1102896
http://doi.org/10.1126/science.1102896
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1126/science.1102896
http://doi.org/10.1126/science.1102896
http://doi.org/10.1126/science.1102896
http://doi.org/10.1126/science.1102896
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.1103/PhysRevLett.108.155501
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.7498/aps.66.216802
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1038/nmat4384
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1021/nn501226z
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/ncomms13352
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/natrevmats.2017.33
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.1038/nnano.2010.279
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.7498/aps.65.018102
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1103/PhysRevLett.119.106101
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1038/s41928-018-0058-4
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1021/nn5028104
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1039/C7NR04085G
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1002/adfm.201705833
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1021/acsnano.9b07618
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1007/s40820-020-00427-z
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1016/j.scib.2018.01.010
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1039/C9NR04348A
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1088/0957-4484/27/22/225201
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1002/aelm.201800308
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1109/TED.2019.2907122
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1021/acsaem.8b00032
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1016/0009-2614(86)80661-3
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl801386m
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.1021/nl4007479
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201810040
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.3866/PKU.WHXB201611151
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1063/1.4870532
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1021/acs.chemmater.6b03539
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.jmmm.2017.11.074
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1016/j.spmi.2019.04.044
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/C7CP07906K
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1039/c3nr02826g
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.5b06077
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
http://doi.org/10.1021/acs.jpcc.6b10303
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.rsc.org/en/content/articlelanding/2013/NR/c3nr02826g
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b06077
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
https://pubs.acs.org/doi/10.1021/acs.jpcc.6b10303
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1088/0953-8984/14/11/302
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevB.43.1993
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevLett.77.3865
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1103/PhysRevB.13.5188
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
http://doi.org/10.1080/00207160701656749
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

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 16 (2021) 166301

033407 2006 Phys. Rev. B 73 045112
[46] Banhart F, Kotakoski J, Krasheninnikov A V 2011 ACS [48] Toll J S 1956 Phys. Rev. 104 1760

Nano 5 26 [49] Wang V, Xiao W, Ma D M, Liu R J, Yang C M 2014 J.
[47] Gajdos M, Hummer K, Kresse G, Furthmiiller J, Bechstedt F Appl. Phys. 115 043708

First-principles study of electronic structure and optical
properties of monolayer defective tellurene”

Li Fa-Yun?  Yang Zhi-Xiong?  Cheng Xue
Zeng Li-Ying!  Ouyang Fang-Ping V31
1) (Hunan Key Laboratory for Super-Microstructure and Ultrafast Process, School of Physics and
FElectronics, Central South University, Changsha 410083, China)
2) (School of Physics and Electronic Sciences, Changsha University of Science and Technology, Changsha 410114, China)

3) (State Key Laboratory of Powder Metallurgy, Powder Metallurgy Research Institute, Central
South University, Changsha 410083, China)

( Received 5 February 2021; revised manuscript received 27 March 2021 )

Abstract

Monolayer tellurene is a novel two-dimensional semiconductor with excellent intrinsic properties. It is
helpful in understanding doping and scattering mechanism to study the electronic structure of defective
tellurene, thus it is important for the application of tellurene in electronic and photo-electronic devices. Using
first-principles calculation based on the density functional theory, we investigate the effects of commonly seen
point defects on the electronic structure and optical properties of monolayer 8-Te. Seven kinds of point defects
that may be present in 5-Te are designed according to the lattice symmetry, including two single vacancies (SV-
1, SV-2), two double vacancies (DV-1, DV-2) and three Stone-Wales (SW) defects (SW-1, SW-2, SW-3). It is
found that the defect formation energies of these defects are 0.83 -2.06 eV, which are lower than that in
graphene, silicene, phosphorene and arsenene, suggesting that they are easy to introduce into monolayer 3-Te.
The two most stable defects are SV-2 and SW-1 where no dangling bond emerges after optimization. The
calculated band structures show that all seven defects have little effect on the band gap width of monolayer (-
Te, but they can introduce different numbers of impurity energy levels into the forbidden band. Among them,
the SV-1, SV-2, DV-1 and SW-2 each act as deep level impurities which can be recombination centers and
scattering centers of carriers, SW-1 acts as a shallow level impurity, DV-2 and SW-3 act as both deep level
impurity and shallow level impurity. Besides, SW-1, SW-2 and DV-1 can change the band gap of monolayer (-
Te from direct band gap to indirect band gap, which may result in the increase of the lifetime of carriers and
decrease of photoluminescence of monolayer 3-Te. The optical properties of monolayer §-Te, which are sensitive
to the change in band structure, are also affected by the presence of defects. New peaks are found in the
complex dielectric function and the absorption coefficient of defective monolayer 3-Te in an energy range of 0-3
eV, of which the number and the position are dependent on the type of defect. The SV-1, DV-1, DV-2 and SW-
2 can enhance the light response, polarization ability and light absorption in the low energy region of monolayer
(0-Te. This research can provide useful guidance for the applications of $-Te in the electronic and optoelectronic
devices.
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