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Fig. 1. Crystal structures of (a) A-TizO5 and (b) -TizOs.
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Table 1. Calculated lattice parameters.

a/A b/A  c¢/A  Ref.

A-Tiz05 984 3.79 9.99 6]
exp. 984 3.79 997 6]
9.83 3.79 9.97 [18]

LSDA + U 10.02 3.90 10.15

GGA-PBE + U  10.23 3.96 10.39
GGA-91+ U 10.22 3.95 10.38
GGA-PS+ U 10.22 3.96 10.38
GGA-RP + U 10.32 3.98 10.49

B-Ti305 9.75 3.80 9.44 [19]
exp.
9.75 3.80 9.44 [1g]
LSDA + U 9.92 3.94 9.67

GGA-PBE + U 10.37 4.03 9.79
GGA-91+ U 10.35 4.03 9.79
GGA-PS+ U 10.25 4.00 9.66
GGA-RP + U 10.45 4.06 9.90

207301-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 20 (2019)

207301

3.2 EMMR

Wu PR ARX d = d + ky x PR
B IEHIESEYE, dy 8 0 GPa ISR B 8L, Ky i
R4 75, PoAET). HAS B HEAE R ECh: k, =
-0.022 A/GPa, k, = -0.0006 A/GPa, k., =
~0.0171 A/GPa, BLH b FlEMERART o %55 IR
4. ARSCTHEAS B B 2L C = 207.4 GPa,
Cyy = 428.1 GPa, Cyy = 334.5 GPa, (1% 2 fr i

Chy BV b h 7 1] SR BB R T Oy Ml Cis,
5 Wu Emghie—i.

SR H T DA AR O T AR 25 49 4% 1) S 1 1Y
fFE. Cn, Cy Fl Oy L HASRER BORISZ, U
B AR SR g 4% 1) SRR X BAH, Oy ke O
KAFZ, 1 N M Oy A Cyy AR, PEHITE (010)
mn I, A AH B S A ) S L B AHSS. A AH A
B AH ft A 25 48 T B M T e AT S G 2
Born Fee M HI4E 2027;

Cii > 0(i =1—6), (Coo + C33 — 2Ca3) > 0, (C33C55 — C35) >0, (CuaCos — Cig) > 0,

(C11 + Ca + Cs3 + 2C12 4 2C13 + 2Ca3) > 0, [Caz (C33Cs5 — Cs5) + 2C23C5C35 —C35Cs5 — C35C33] > 0,

2 [015025 (033012 - C(136123) + C’156(35 (022013 - 012023) +C25C35 (011023 - 012013)] - [0125 (022033 - 0223)

+C%5 (C11033—C13) +C35 (C11C22—C1y) | +Cs5 (C11C22C33— C11C35 — C22CTy —C33C7,4+2C12C15Ca3) > 0.

(1)

* 2 HEARIRIER L (A8 GPa)

Table 2. Calculated elastic constants (C;; in GPa).

C] 1 CZ 2 033 044 055

Cl 2 Cl 3 C] 5 CZ 5 03 5 C4G 023

A-Tiz05 262.7 3425 2832  56.3 87.7 255
B-Tiz05 207.4 4281 3345 50.0 93.0 10.6

142.8 109.2 20.4 9.4 0.3 2.0 113.9
114.8 101.6 4.5 4.6 30.8 8.7 94.6

THEAS 2 By s e w80 2 (1) =, U6 A M
I BAH RS AR . A, A Voigt-
Reuss-Hill J5 {2 29 37158 TR i By, 87 D)4
Gy, B IRB it Yy DL RAA AR L v, W3R 3 57 51
Asbrink 4 29 5% F§ Murnaghan 23 L& 155 T
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£ 3 IHEBRMNATEE (By, GPa), BT
(G, GPa), IR Yy, GPa) AR (v)

Table 3.  Calculated bulk modulus (By, in GPa),
shear modulus (Gy, in GPa), Young's modulus ( Yy,

in GPa) and Poisson's ratio (v).

BH GH YH v BH/ GH
A-Tiz0; 210.8 634 173.0 0.36 3.32
B-Ti305 187.4  52.8 144.8 0.37 3.54
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Fig. 3. The calculated (a) band structure and (b) total density of states of A-Ti305; the calculated (c) band structure and (d) total
density of states of 5-Tiz0s.
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Fig. 5. The calculated charge density differences of (010) plane for (a) A-Ti3O5 and (b) 3-TizOs.
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Fig. 6. The calculated absorption spectra and reflection coefficients of A-Ti;O5 and §-Tiz0s5.
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Fig. 7. The band structures near the Fermi level of (a) A-TizO5 and (b) 8-Tis0s.
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Abstract

TisO5 is a highly anticipated functional material due to its intriguing physical properties and multi-
incentive phase transition process. This material undergoes a reversible first-order phase transition between A
phase and ( phase, accompanied by drastic changes in the electronic and atomic structure. The amazing way of
changing phase such as light, heat, pressure and electric current makes this material promise to be used in
future optical information storage and heat storage. In this work, structural, elastic, electronic and optical
properties of A-TizO5 and [-TizO5 are calculated by using a first-principles approach, according to density
functional theory (DFT). The LSDA, GGA-PBE, GGA-91, GGA-PS and GGA-RP are compared among them
to obtain a suitable method of characterizing the crystal structure and electronic structure of A-TizOy5 and (-
Ti3O5. The energy gap at the Fermi level of 8-TizO5 can be obtained only when the extra Coulomb correlation
U effect of Ti 3d electrons is considered. A complete set of elastic parameters for both phases are first reported.
The calculated elastic constant satisfies the Born stability criterion, indicating that A phase and 3 phase have
good mechanical structural stability. The two phases are more resistant to volume changes than to shape
changes and both behave as ductile materials. On the (010) plane, the elastic anisotropy of A phase is weaker
than that of § phase. Studies on the electronic structure show that the local charge of Ti; is transferred to Tis,
resulting in the transformation of the semiconductor § phase to the metal A phase. There are large differences in
optical property such as absorption and reflectivity between these two structures, indicating that they can be
applied to the field of optical storage materials. In this paper we also present a new insight into the
photoinduced phase transition process of this material. The mechanism of photoinduced phase transition from
A-Ti305 to B-Tiz0; is considered as stimulated emission effect. The results are of significance particularly for

practically applying Ti305 and understanding its phase change mechanism.
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