ERRE N . 1N Vol. 35 No. 1
2020 £ 1 H Journal of Inorganic Materials Jan., 2020

EHS: 1000-324X(2020)01-0073-06 DOI: 10.15541/im20190278

Bi7,. NAFMBESI Ti,CO, BFHRIFIENIERH R

e, B, EREL E AL F Y

(1. FMTFR BER, FM 213032; 2. YEAFE g AHRAARLA, L& 201800; 3. LigAEXE YR
HFEHEHKFR, L& 201210)
8 ZE: MXene /& R E&FEWHAFMER M B 4o SR, fERE. . ZAMEL BRI

U R I E R AT SR . JCRB A GEAERIG . RIEThARAL . SMIneaIg . AMINRL )5 T VR R AT 4R
MEREIAE T B 1R RN RIRAR IS5k MXene MEL, Ti,CO, A AIEE SR, A TAERE L AMINE
A1 IS 7 R0 LT 25 25 2 PR Ti,CO, HI2EVERE RIS o 45 BRI BRI TipCO, T f 5 5 25 4 Fi 37 (16 46 58 i
AN 1E Ti,CO, R, BRI S BL. WF TR AR R Al LA & B A R 05 fRE ), oK BRI i
{1 R 77 B 5 0 IS 0 PO 1 KT ST o W 900 B LA A 2 U B R AL 2x2x 1 Ti,CO, KRR 450, B
HLTFAS N, A4 R KRB I O B IZHT AR, LA A5 12 IS, B 23 000 2x2x 1 TipCO, MR I 2 T AR 1k,
BRI AN AT N AT IR, A BRAE N 0.489 eV
X OB S TEEEL TCOy W BiJJ; MRS TR
FESHES: TQ174  CHAAFIRTE: A

Theoretical Studies on the Modulation of the Electronic Property
of Ti,CO, by Electric Field, Strain and Charge States
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Abstract: As a new two-dimensional transition metal carbides, MXene has various potential applications, such as
energy storage, catalyst, composite material, and luminescent materials for their excellent physical and chemical prop-
erties. The element doping, geometrical defect, surficial functionalization, external electric field, and external strain
can be used as effective methods for modulation of their properties. Ti,CO,, the thinnest Ti-based MXene, exhibits
semiconducting character. The effects of electric field on the band structure of perfect primitive Ti,CO, were explored
in this work. The results revealed that the band gap of perfect primitive Ti,CO, decreased with the increasing electric
field. Carbon (C) vacancy in Ti,CO, MXene was easily produced during the preparation process. Further investigation
showed that the tensile strain could be used to regulate the conductivity of this system as the bands around the Fermi
energy become smoother with increasing tensile strain. The investigation of charged C vacancy doped 2x2x1 Ti,CO,

indicated that its Fermi energy decreased with the increase of charge state. When itwas +2 charged, the C vacancy
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doped 2x2x1 Ti,CO, exhibited semiconducting character and owned a direct band gap of 0.489 eV.

Key words: first-principles; Ti,CO,; electric field; strain; charge state; electronic property
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Fig. 1 (a) Geometrical structure of Ti,AIC MAX phase, (b)
side view (upper panel) and top view (lower panel) of 2x2x1
Ti,C supercell, and (c) side view (upper panel) and top view
(lower panel) of 2x2x1 Ti,CO, supercell

The blue, green, black, red and silver ball represent the upper layer Ti,
sublayer Ti, carbon, oxygen, and aluminum atoms, respectively. The

unit cell of Ti,CO, is marked by the dashed black line in (c) and the
carbon vacancy is marked by the dashed red line
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Fig. S1 Total density of states for 2x2x1 Ti,CO, supercells with a carbon vacancy under various biaxial
tension strains from 0 to 7%. The horizontal dashed lines are the Fermi level
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Fig. S2  Band structures of 2x2x1 Ti,CO, supercells with a carbon vacancy under various uniaxial
tension strains from 0 to 7%. The horizontal dashed lines are the Fermi level
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Fig. S3  Effects of (a) 0, (b) +1, (c) +2 and (d) +3 charge states on the band structures of 3x3x1 Ti,CO, supercells
with a carbon vacancy. And the effects of (e) 0, (f) +1, (g) +2 and (h) +3 charge states on the band structures of
4x4x1 Ti,CO, supercells with a carbon vacancy. The horizontal dashed lines are the Fermi level



