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Fig. 1. Crystal structure of monolayer TiO, (a) top view;
(b) side view; (c¢) K point path.
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Table 1. Structure constants and binding energy of

monolayer TiO,.
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Fig. 2. Phonon spectrum of monolayer TiO,.
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Fig. 3. Molecular dynamics simulation of monolayer TiO,.

BEAN, X —ANFa e 1 e p R iz 2 A
FE RHUARAR E M, 38515 50 T 1T LU Born—Huang
HE 0 1) Sk /AR, BIFF 1 R C1iCae — CF > 0
Coe > 0, X LY Oy 48 1Y 2 3k 7 5. @it —
4t TiO, MY FHPEE B /R, Cii = C2=77.18 GPa,
C12=8.92 GPa, Cg;=34.13 GPa, 1R i & Wi
Born—Huang #EM]. £ F 437, —4E TiO, [FRf HA
L SRS WAL WAy 1IN Y =Sk

3.3 THMETEH

VB R — T i bR, A58 g4 i mT DA
RSB B IA RN A AT B A, AR R 4k
TiO, [ 3P Bk — 8 T HAE oy I Y
1 IR Y () FIARA L 0(0) (0 AN T o Bl
), TR R 1

Y (0) =

Ch1sin?0
1181 —|—< Coa

e
CuCi2 —Cip 2012> sin?Acos26 4 Cacosth

; (2)

166301-3


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 2 3R Acta Phys. Sin. Vol. 69, No. 16 (2020)

166301

C1osin*0 — (C’u + Coo —
v(0) =

C11C12 — C}y

) sin®fcos20 + Cocos?f
Coee

Cy1sinf
1181n +( Coo

J12E B A R A 4 Frs, BT A ) s
XIFRIE, —4E TiO, WA IR R FIAAS H R 3 B
WA S, BT o SR b By ) B A BT
FAIA, HAE o/b )5 w135 85 KA, 76 5 ol
45°FI1 135°¢ F Ab Bt fe/IME. X G UL Z 2E R}
Fi2E e R B, 4k TiO, M4 FCBE 5 A i mlak
76.15 GPa, ] /N T f1 8% (1.0 TPa)l | HL2
MoS,(300 GPa)l0 FI4a fk 47 854 (200 GPa)l 1)
W OB, fH R T BB (41.3 GPa)ll, f/N T
T4 TnSe (101.37 GPa)l“7. %} F 4k TiO, B
A HE, B K AT 0.116, /N T 1 2B M (0.175)18)
h-BN(0.211)%9) 1 ¥ 2 MoS2(0.25)F0 | H kK F
8- Pmmn W14 41 (0.042—0.062) AR L. R,
T4k TiO, s —Fh i WL IEIARS LU AR, B s
Pt/ N DO, DR HGAE PR e R Th B R TR
8 FH RS

3.4 HFEH

J % L H e AR (SOC) B Xt fEa 45 F4 i
W, AR T GGA4-PBE Bn L A etk
FUANTIN A e AL BB 2544, 255 WoR IFPREHS L
SEEEA X5 (BEBRAARZE 0.002 eV), IR LI
R A X A ZR T2 SR LT 5, vl LR
A% &, AT B A P-6M2 458 1 TiO, 5%

90

80r _ Y(6)

60 135

Young’s modulus/GPs

20
40 +
60 1 225°

80 -
270

C11C12 — C},

o 45°
40
20
0 180° 0°
315°

— 2012) sin®0cos20 + Coocostf

|

U TiO, 4544 (&£ AFFBLERS M) PR,
IANTE T BZ AL (rutile TiO,) F1HLZ 4L
PR (anatase TiO,) HYREFLH TN MBS HE, 10
K 5 fin. 5% T GGA+PBE (Z0(4) Al
HSE06 (i f&) WAL T R RE A 454, LIK
HSE06 5.3 T i 70 A 3 B8 . WA R 18 AT LA &
B, PR T M RE R At Zeny A A —
. EF BT, GGA+PBE 24l 2 SR 1 fE
B2, 1M HSEO6 55 1Y 45 5 W 68 5 55 30 {H AR 4 Hi AT
A 02, 58 K/ 5(a) A%, P-6M2 TiO, i 5 BEBR
354 1.19 eV (GGA4PBE) 12.76 eV (HSE06),
I 2.76 eV 1] LA — 4k Ti0, I ESZRERR, 1%
LB TiO, FURERR (3.2 eV)P3 B/N. f My
THURT i JIEANTE [A] — 5, P-6M2 TiO, J& T a7
B S HeXFIE 5(b) AT 5(c) &P, B2 rutile
TiO, F1 anatase TiO, 19115 68 Bl 43 51 55 & 5.02
F1 4.70 eV (HSEO06), X W i & THK4H rutile TiO,
(3.0 eV) FI{AAH anatase TiO, (3.2 eV) B fER B,
MNBEBRTE B ORFE, P-6M2 TiO, JB TA LS
A, B RE A X R BH G 3% ™ A= AR 4 Al e 7 . )2
rutile TiO, 1 anatase TiO, fig P ¥ K F 4 eV
(B2l 5 eV), J&F i Bl [, ARMEX K PHOG S
AN B, AL, P-6 M2 Ti0, Hid H
FIAEIEAT R, B S SR X S P-6 M2

90°

0.1

Poisson’s ratios
=)

0.1f

270°

K4 IRt (Z 8 G) FAAA L (5 B /206) AR, 0 AR T o 407 1 92 F

Fig. 4. Polar coordinates for Young's modulus (left/blue line) and Poisson's ratio (right/red line) € is the angle with respect to the

a-direction.
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Fig. 7. (a) The relation between total energy and the applied strain Al/l along the a/b directions of monolayer TiO,. The quadrat-
ic data fitting gives the in-plane stiffness of 2D structures. Black and red curves show the in-plane stiffness along the a and b direc-
tions of monolayer TiO,. The shift of VBMs and CBMs for (b-¢) monolayer TiO, with respect to the vacuum energy, as a function

of the applied strain along either the a and b direction. The linear fit of the data yields the deformation potential constant.

2 M TIO, ARUTE m, BRSO BE, B R A O MBI F R pop
Table 2. Calculated effective mass m*, deformation potential constant Ej, elastic modulus C?P, and carrier mobility uop
for monolayer TiO, along the a (¢ — K) and b (¢ — G) directions, where ¢ represents the position of the valence band top
and the conduction band bottom.

Carrier type m} /me my/me m;/me |Egl/ eV |Egl/eV C2°/Nm?' CP/Nm? p2P/cm?Vis? p2P/cm?Vis?

Electrons 3.21 1.39 2.11 3.43 3.38 21.27 21.28 12.92 30.75
Holes 4.73 4.12 4.41 1.26 1.25 21.27 21.28 31.09 36.29
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Fig. 8. Band gap of monolayer TiO, under uniaxial/biaxial

strain, calculated using the HSE06 functional.
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Fig. 9. Schematic diagram of monolayer TiO, photocatalys-

is under uniaxial/biaxial strain.

L (2)

— T

ea(w)

200 400 600 800
Wavelength/nm

— T

(b)

Absorbance/10°

260 400 600 800
Wavelength/nm
P10 DLmetERR (a) S H BREERR; (b) SEIRR KL

Fig. 10. Optical properties: (a) virtual part of dielectric
function; (b) absorption coefficient.
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Study on the electronic structure and photocatalytic
properties of a novel monolayer TiO,"
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Abstract

By means of state-of-the-art density functional theory (DFT) computations, We designed a new two-
dimensional material TiO,. We further investigated the stability, electronic structure, carrier mobility, and
optical properties of monolayer TiO,. Our results show that monolayer TiO, has good kinetic, thermodynamic
and mechanical stability and can exist stably at room temperature. The results were demonstrated using the
binding energy, phonon spectrum, molecular dynamics simulation, and elastic constant calculation. The band
structure indicates that the monolayer TiO, is an indirect bandgap semiconductor with energy gaps of 1.19 eV
(GGA+PBE) and 2.76 eV (HSE06), respectively. The results of state density show that the Ti-3d state
electrons constitute the top of the valence band and Ti-4s state electrons constitute the bottom of the
conduction band. The electron states of O atoms contribute very little near the Fermi energy level and are
mainly distributed in the deep energy level. In addition, the carrier mobility of monolayer TiO, is smaller than
monolayer MoS,, and the electron and hole mobility can reach 31.09 ¢cm?V !s! and 36.29 ¢cm?V !t
respectively. Due to the anisotropy of hole mobility and electron mobility, the composite rate of electrons and
holes is relatively low. This ensures longer service life and better photocatalytic activity of monolayer TiO,.
Furthermore, under the condition of uniaxial strain and biaxial strain, the energy gap of monolayer TiO, has a
clear response. The energy gap is more sensitive to biaxial strain than uniaxial strain, indicating that monolayer
TiO, can be applied to various semiconductor devices. The band-edge potential and optical properties of
semiconductors indicate that two-dimensional TiO, is capable of photo-splitting water production, Hy at —5~2%
single/biaxial strain, and Oy, HyO,, O3, etc. at -5~5% single/biaxial strain. Moreover, the monolayer TiO, has a
high absorption coefficient for visible and ultraviolet light. In conclusion, the monolayer TiO, has a potential

application prospect in the field of optoelectronic devices and photocatalytic materials in the future.

Keywords: two-dimensional TiO,, first principles, electronic structures, optical properties
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