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Fig. 1. Spontaneous polarization of bulk BTO versus its

volume .
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Fig. 2. Projected DOS of dxy and dg., of Tiatom for different

volume.
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I 1.8 eV (I i), T AEA T, GWIT kG|
MIRERR N B, = 3.54 eV, FILTE DFT HE A HL Al
A R AR TR, AT LIS B S S0 4G
B (3.4 V)M Y& RERT, HRATHELS T
g5 530k [16] EA—E. HEKE 3(a), (b), (),
ANHE A BB A R 45, Sl AT AR AR
TRFEAAE, HORBERAE A, X2 th T REE AR R
%, AR Ti 09 d BUE WS Ee X B i S B0
(IR UL 2), BAARRERR SRRl T3 1 h. & 1

---DFT —GW

(a) V/Vo=0.9

Energy/eV

(b) V/Vo=1.0 ---DFT —— GW

Energy/eV

Energy/eV

K3 ARFEUE X BTO e B
Fig. 3. Energy bands of BTO for selected volumes.

HL R A T 24 1kiZ R HSE B3 AE R X
F PBE, Z41LiZ i 7k HSE XJREBA T RIFHI1E
iE, {H PBE il HSE ¥ /24T DFT #it, GW Il
FIET 2R R RO, GW AT LR AT &
YIBRSL PR, A SR GW 5 BT T 855K 4 1
) 28 1o AR PR ARG, B AR R P I IR B RN 2518 5
DFT #ig—2, BT GW JyiErhg & S it
ANAERS, PIAT DASS th RS s G R —
TS BTO A 271 i B AR

# 1 AEEBRT RS RE BTO YUk iy RERR
(BA7: eV)
Table 1.  Energy gaps (in eV) for selected BTO

volumes and different theoretical method.

FHEk V=109V, V=1, V=11V,
PBE 1.89 1.76, 1.7100 1.66
HSE 3.42 3.25, 3.1262 3.10
GW 3.65 3.54, 3.900¢] 3.41
F5 — 3.4 —

3.3 NFEMHR

Jof AR A AT DA RUCRR v O F A R ) D 2 A
B4R B3 X BTO Mk I AR SE I 57 B B4 24
BTO #MEA K FE SrTiO s FJEA, BTO 7E xy-F
AT PN BN I 28 KB 0.3%—1.3%. S28e &3,
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JLTEA Z B NS . A e A BTk ) &
XES7 AU A BTO 62 5 iy s — M F
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DFT wyit%, sfa—R2FMMH GW + BSE Jriksr
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JEAESE R AN T N 2R DY 5 4 BTO BIMRER, 5%
TRBUSATED M T2 . (5] 4 FEL 5 43500 46
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TR A HLEEOR S ADGAER R A, by
B 5C2 2 DFT-PBE WiHR45 R, BEASLLAEDN
SEZ R TR FA EAE R GW TR 3 i B
GEARL ) AR RN RTE GW BB HESL T ik —
W% B S O EAE L (B, B SR fig
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— DFT —GW
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R M

B4 REARFBTO M % K% i (63 KB T
AL 7 160 B0 oy T 9090 L3 HR R, € 2 07 A A ol
WHUEHR)

Fig. 4. Spectrum of imagine part of dielectric constant for
selected BTO volumes, where ezl corresponds the direc-
tion perpendicular to the polarization, and Eg/ stands for

the direction parallel to the polarization.
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Fig. 5. Spectrum of optical absorption of BTO for selected
volumes, where at corresponds the direction perpendicu-
lar to the polarization, and O// stands for the direction

parallel to the polarization.
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Optical properties of BaTiO; and its volume effects”
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Abstract

BaTiO; (BTO) is a typical studying object both in ferroelectrics and in material science. By the GW
method, optical property of BTO is investigated, and its volume effect under the case of iso-strain is also
studied. It is found that the results of excited states are closer to the experimental results with the consideration
of electron-hole interaction in the framework of GW method. Considering the volume effect, we obtain that the
red shift of the peaks of optical absorption occurs under the expansion of volume, and the blue shift appears
when the BTO is compressed. At the same time, the polarization and the hybridization between d orbital of Ti
atom and p orbital of O atom are enhanced for the case of volume expansion, however, things will be opposite
under the compression of volume. Furthermore, the volume effect in the iso-strain case is less dramatic than in

the iso-stress case.
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