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First-principle with Regard to Electronic Structures and
OpticalProperties of the Perfect BaTiO; Single Crystal
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Abstract: The electronic structure,dielectric function, complex reflectivity index, complex conduc-
tivity and absorption spectra of the perfect BaTiO; crystal were calculation using CASTEP codes.
The calculation results indicate that the imaginary parts of dielectric function,complex reflectivity
index , complex conductivity and absorption spectra of the crystal are related to the electronic struc-
ture of the crystal. The calculation results are in good agreement with the experimental results.
The results will be helpful to give an insight into the essentiality of optical properties of the

material and will provide the basis to further study the properties of the crystal with defects.

Key words: BaTiO; single crystal; electronic structure; optical properties; simulation cal-

culation

BaTiO; fh{Aje—F i Z A BRI ARL BRORTT B e SOAT LUTIE i A e A% s B bR . H
STz AR R A B AE LA I Zh#R A BT, BaTiOs S S IARTEIR MG g SRR T T
T UM s S O A BT M Y A — R 2R S S T BaTiOs b MR A TR AR

YRS EHEA: 2010-05-19

EEWHB: Rl HELHsR 5 H (S30502)

EE ' : IRAZ 984 —) Lo AT WFSE 7 18]« DRE divdA B R ARy B A € o3 SO ] . E-mail : xulingzhiS01(@163. com
XUAE & (B RN » 53 202 . WEFE 5 1) - T ae S A A 22 10 At ke B AN 22,0 BEIE A vy B . E-mail: liutyyxj@163. com



2 S8 N N S

2012 4 5 34 %

IS5 1 2 B — &R 50 R AR A AR IR K F)
1460 C U EEATNT i RS, £ 120 CEN
NLJT R ARG TE 5 C LA BB IETT i R G5 TR -
90 C UL BRI i &, £ — 90 CRUF ENESE
B R A5 G, X T BaTios Mg K24
TEH AL J7 b B AIE DT fi R G540 . AE S8 77 T - R FHIR
AR A E A I 22 dis i BaTiOs w471 1 ML 1
JETH) R BE S A D AR AR e BT A2 S
TG IR 43 BT 2 2% A SR R S 9 1) T
RIS N7 7 2 RIE 7 2R B .00 ST
BaTi0; it A piy It rbs (22 AH 1] £k FLAHBR AT BE T L K
TEGN KL R 5T BaTiOs H 1F J7 i 28 181 37 05 iy
FRI R (2 R AR AT A AR Ty T PR R
T2 PRV THE T 37 & R TR (0 R R AR S
WEIOETE RS — PR ERTSE BaTiO, A7 T
7 & B GRS AR BT A A T B
TR R T WIEN2K A 355098 15 J7 s 2R (9l
LR LR P BB AL 27 B BEAE 43 T 2 8 B T A
FR R BE v B2 R REURIAE ST il &R B 2 L oe R 4k
FERE A X SE AR T TE BaTiOs B AR 2
28 R B P LA R R L ) P B 2 B 0F 5 8 114
PRI ok B — B850 2 1 5T AL B E SR AR 2 A
SCNE— PRI - F 5 BEAT 285 44 A D'~ 1 o
(58 2 . AR SCHIEFE I 45 AR IR R 12 dl 1R 2 BL A Ol
AR A 5T B BRI 58 S 2R R 1 o BE
EFEA . B T B 1 A R 2R — M U 5T
AR L A RGP B 2 R . AR SR
CASTEP # /4 2 gt xf 56 4 BaTiO, s i, i 14 A9 i,
TREFAS AL AP AT TR i i o b
BT A A SRR B — 273 3 BaTiOs Bk
VIS5 b ACHY FL 745 4 LA R R 2540 Z AL AR O R
R BT FE AR (LB S A

1 RESEHINTEAE

1.1 BEEl

BaTiOs f AT He H A4 6} o I, 57 57 5 2544
TR 1) 55 R A5 AT AR RN 3,996 X
10°°% em, 23 [ALHE R OF (Pugn) » ARIRZEH AN 1 7R
AT AR A —A BaTiOs 43+ U5 10 s Bk
A Dun s Ba 1 Ti Jit SO0 M2 Oy . Ba 851 548 57
Ty T A T B 7 57 J5 R0 O B 176 6 4>
AT A SCH R — AL Ti yrpots 0 8
A~ Ba.8 4~ Ti Fl 24 4~ O Wi ) e b A Bl o5

E 1 BaTiO; mE&EHREE
Fig.1 Cubic (O} ) lattice structure of BaTiO;

.2 #H8EHGE

XF5E % BaTiOs i A OB 53R HT Y A2 35 il
BT84 CASTEP, it B B Rk th 15
N HY 96 Z Ik AR 4R # (ultrasoft pseudopoten-
tial) . PHRE R AR B R AR SRR IR U
BRIz PR ELIE N AT Y SRR G AR AT PWOL,
Ba . Ti 1 O 0-~F- T 8 57 WrRE 1l 340 eV. %5 B bR
AOHEA P 2 % Kohn-Sham J5 #1247 CASTEP #y
TN 2 DL SCER[13 - 14].

AU AR A L B — D Bk L OF
HH 42 5 A 1 BB T 45 14 AH DG B . 72 Koop-
mans YT U] 0L T S AR B2 R A R L A LR
B

627[2
com?(w — AC/ 1P

2 .
2 {L} (Zd,; | oMy | 25[ EcGo+
w (27

€ i(w) =

Ac — Ey(x) — hw}
2n

Kfoe WHFHEE; eo WESHPABEE: m
HEBHEFHRE: o AT Ec, By
SRR I RE R s Ac N BT B FE AR RS &
ho B E Bk MR sa A BERAL
] 2R3 s Mly.c AR BRI AR I 5w AT EL UK DX PREKC
BZ A BLIKIX s /i HL eR ALY S5 e (o) MRl Kram-
ers-Kronig (KK) 72456 2115145 5.

TR 9% B 17 pR I THIAA5 21 19 [ R Rl 1Y
AR 8 B SR I /s BRI SR B T B AT B O
MG RE A BaTiOs &b (A 1315 45 R (55 98 B
1.4 eV 53K (3. 15 eV il 22, B T 4
Bk 1.75 eV. JBFEHFHCN 0.2 eV, X% B I IX
ITIRICT 14 ASPSE Y ko g A HL eR O SE AR AR
Kramers-Kronig 2846 5¢ 7 715045 2. | H 47 4 2.
WS R RO 55 5 A L eR AR O &R DL S KK
O FR AT LISR 45 H YRR

eV




414

TRRE % FETE—EIFHN BaTiOs A i 450 FG-F 1k ik % 73

2 WHEERKSH

2.1 BFESBESGTHE

JH AL 5K f% Kohn-Sham J7 2, 15 2| 5¢ & BaTiO,
R REAT Z5 A AN T2 % DOS. [ 2 e
BaTiO; fhiAHY B i T4 % B TDOS Fil 43 78 %
JEE. E hfght. it /A1 45 52 1) BaTiOs ik
FIERAT SERE N 3.15 eV, Ry SEARAT 1 FARM KL &
BHESCH Ty T EA AR A A B s oy T 22 O 1Y
2p AF Ti 1y 3p B T IR FELA Tiny 3d LA
I Ba 1% 5d & 4H ). Ba 1 6s F1 5p 2%, Ti 4 3p LA &%
O 11 2s STEREDIITRIZ AL » Xt H AR B P S5 2 i R
K. DS £ BE 40T, T B 3d 2SR O 1) 2p S AEMN
WAAHE B ES. 5 Ba i) 3d A EA, Tidd
5 02p DL K Ba3d F1 O2p By, THA45 R 5 30kk[4 ]
SRS ELRIDEAE S N8

150 -

1001 —TDOS
i L4
0 : 1 A L 1 |; 1 ,N\ L |
6L 0 —Babs
H B - - Babp
3l 3 Basd
0 T o
S 0t : I I Ll iy 1 I 1 1 |
a [ —Tids
3 —“
0 N 1 | 1 i Laae | 1 | |
| O
2| J‘ po T
0 r M | A

L Il L Il A 1z 1 ]
-30 -256 -20 -15 -10 -5 O 5 10 15
E/eV
E 2 i+E5B218 BaTiO; 2B FSBEMSETETE
Fig.2 Calculated total and partial density of

states (DOS) for BaTiO;

2.2 NHEEHAES

FE TS0 27 M o I — i S B R AR i A L
B L M AT DL 5 5 A LR B R A ST O R
158, 78 CASTEP 535 {4 i 3B v 5 $00H 12 iy
T2 (D A3 A f B B T — R R AL
N B B SEFR A EE AR Z 7] B Kramers-Kronig 47 6 4H
12 B e N E T W R X el e
e (w).

X HE P FE N 0 eV, BHLESH N 0. 05, 5
RIFH2 0.5, \[100].[010].[001 13X 3 A~77 ] ASft
75 2 10 A L oA B R R 8 A — FE, W] HI SR Y
BaTiO; J& 453 [m) ¢ s 4. fiy KK AR e 75 31 i JL 52

|
W
at

HRUNE 3 PR 1E e () FE & Cw) B TR B2
KA AT KRR N s 43 56 T4 84 eV
H16.86 eV, I 55425 T 6.11 eV 1 9. 54 eV 4b,
7E[6.11 eV 9.54 eVIFEHEN e, () HHE. T35,
LB I BB RAB AR /MEL 3 391457 T 20. 55,3705 eV
1 21.80,38.99 eV. ¥ 4 /& Cardona Fil Harbeke 7E
F T FTINAS A BaTiOs @SR/ fe R &0 S (52
SO MR ER CREL - AR KNI AL B Bl T
3.69 eV il 5.27 eV. ASCH A 2 MBS LI (i hk
REFETS.

75
6.0
4.5
3.0
wW

15

0
-15

_30 I 1 1 I I I
0 10 20 30 40 50 60

3 BaTiO; & EIRAEHEH N BRE
HISEER (RR %k ) FIE B0 (S54k)
Fig.3 Real part (dotted lines) and imaginary part
(solid lines) of the complex dielectric function

for polarized light in the BaTiO; crystal

]
10 12 14 16 18 20
E/eV

B4 AEEETHEMN BaTiO: RBIEHENBEEH
SCRB (354 ) FNEE AR (FE£k)
Fig.4 Real part (solid lines) and imaginary part
(dotted lines) of the complex dielectric
constant of barium titanate at

room temperature

2.3 MR

H1_E T ARAS 1A HL R LA A H RS A A
EGEEE TR 56 2R 0 LS 2B M RSO S8R
SSHRE L R I REAE SR AL

A RECS R R o Z AR N



7 S8 N N S

2012 4 5 34 %

K o HAGERIER; n RT3 ¢ HEHSS
IG5 € A FL BRI -

FIFH X — 3¢ R T LIAS B R B THERAR T
St48 BaTiOs SR IETE , 45 R Kl 5 FiR. &
(4 AT 4350 S B AE 6. 72, 15. 29,21, 21,38.36 eV
A X TF A L PR e Cao) B B /DM 1 7
7 6.86,16.05,21.80,38.99 V. il 5 Aif 1 it 15
(A LT 25 2 B TR A L 4, T DU H S A 31 4 i
Wuge 43 % T O2p 3] Tidd, Ba5p 3 Tidd,02s 3
Ti3d. Ti3p #| Ti3d # ¥R iE. eIt 25 73 5l 4 6. 29,
15.32,21.12 f138.11 eV. [ LB W, i Z [RIAE1E
— B W 25, X PR 25 A7 A6 1) 2 B R R T R T
W S BRAT: R 0 10 %5 L 1 BR AT 3 7 P 2 1R Bt R sk
JNE 5 T AN 2 FR PR PR A BE R 22 TR B SR
BaTiO; f AR W S 7 F 3. 18 eV, 15 S5 o i 75
FR I AR T 140 °C R4S ARG R 3. 15 eV
ARG

30
25
+ 20
=15F
X :
10F ¢
5
4/\ 1 1 ]
20 30 40 50 60
E/eV

5 BaTiO; & H RIS IE
Fig.5 Absorption spectrum of the perfect BaTiO; crystal

2.4 SHHEMEXBSIE

MR Y5t 25 2 97 i s A R AR

n? - k? = ¢,
2nk = ¢;

AL AT 0 FNEOCRECK . i AR 2
HL e A& 3 AT L, FEIX[H][6. 11 eV 9.54 eV i
W e (o) A TAE AL TAAL TH G RBTE X — 08
AbFUEAE 6. 51 eV. TEARMFN @A X k (E4 0. th
KK 845 /T A2 0 78 k09 B THITFIT B 3
A 43 F 5. 01 eV f19.27 eV. 3 H i KK 28
B B 1 S 5 AN B 6 B, R SF R R 7E X [H]
[6.11 eV 9.54 eV]NIEF| T KGN 9.07 eV.

MR G YL ER o 54 FL BRI R KR BT Y

o‘r(w) = Eow sg(w)

a0 HEAS TP L H G 0 (o) A HLH B
RETE.-

HHEARIRDOER S AE 7 Fs. St S0 525

I 4 AR, TR E 75 5. 92, 15. 25,
21.38,38.17;0i(w)TE o, Cw) H_ETFHUT AR BT H
AR /N R KA S 0 B /MELA T 4. 81, 14. 77,
20.45F1 36. 93 4b; 4 B K (E 7 F 6.91,15. 91,
22.06 F138.89 4b. St T A SE P H A 45 R s
WA AV FE 5 S 5 A H R B i 8 - 43 .

2.5
2.0
w 1O ! |

<
1.0

R

\

0.5 ,I \
!

0 10 20 3|0 40 50 60
E/evV
6 BaTiO; BERSHITHE
Fig.6 Complex refractive index of the perfect

BaTiO; single crystal

T BRI ISR Qi) A N N T
PR ME RO T I EATAE — — XL R
UM EA T Z IR AR IR e Pk i
SRRSO A E HARR R

B 7 BaTiO; RIEHEBES
Fig.7 Conductivity of the perfect BaTiO;single crystal

3 & it

K JH CASTEP #1455 1 528 BaTiO; iR
HL BT 28 H AT Fi RS AT KK AR 56 R 5 Y
TS8R BaTiOs SRR 2B B R ME RO &
i @ EOCR T 15 BaTio, iRy
P 5RO e S T AT B Sl R BR
1T (02p—Ti3d, 02s—Ti3d, Babp—Ti3d, Ti3p—Ti
SIOE P IPNE R Gl A N T SN NCE TP R Y =
HOCH I AU EL AL BATAE— — X RC R I E
ITZ ARG N AE IR R X S0 i 1~ 258 B2 20
A B AN TR AR G SR AT it — 2



414

TRRE % FETE—EIFHN BaTiOs A i 450 FG-F 1k ik % 75

WFE & b S35 2% 1) BaTiOs SR 2 M 4 11t
TSR]

S 30k

(1]

[2]

[3]

[4]

(5]

[6]

[7]

[8]

L9]

Salehi H, Shahtahmasebi N, Hosseini S M. Band struc-
ture of tetragonal BaTiO; [ J]. Eur Phys B, 2003, 32
(2):177 - 180.

Cong B T,Huy P N, Schelling P K, et al. Total energy
calculation of perovskite, BaTiO3, by self-consistent
tight binding method[ J]. Bull Mater Sci,2003,26(1) ;
155 - 158.

Scharfschwerdt R, Schirmer O F,et al. Fermi-level en-
gineering of BaTiO; by alkali codoping: increasing the
near-infrared absorption by rhodium[J]. Appl Phys B,
1999,68(5) : 807 — 812.

Taras K, Petric A. Analysis of point defects in poly-
crystalline BaTiO; by electron paramagnetic resonance
[J]. Phys Chem Solids,2003,64(6) ;953 — 960.
Makishima S, Hasegawa K, Shionoy S. Luminescence
of Sm®** in. BaTiO; matrix[ J] . Phys Chem Solids,
1962,23(6) . 749 — 757.

Zhang Dduanming, Yu Boming, Li Yuan. BaTiOs crys-
tal structure phase transition caused by the jahn-teller
effect and the model of like-hydrogen molecule-ion
(H?* )[J]. Phys Stat SolidS,1996,197(1) :31 — 38.
Millicent B S,Katharine P, et al. Crystal structure and
the paraelectric-to-ferroelectric phase transition of
nanoscale BaTiO;[J]. Am Chem Soc.2008,130(22) .
6955 — 6963.

Dvorak V. Colour centre in BaTiOa single crystals[ J].
Phys Chem B,1961,11(4) .253 — 259.

Lee H, Mizoguchi T. First-principles calculation of

defect energetics in cubic-BaTiO; and a comparison

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

with SrTiO; [ J]. Acta Materialia, 2007, 55 (9).
6535 — 6540.

Do D C,Jaichan L. Electronic structure of oxygen de-
ficient BaTiOs; [ J]. Integrated Ferroelectrics, 2006, 84
(1).:23-30.

Salehi H, Shahtahmasebi N, Hosseini S M. Calculation
of electronic structure and electronic density of dielec-
tric BaTiO;[J]. Properties and Applications of Dielec-
tric Materials,2003,7(2) . 714 — 717.

Yoed T, Timothy D. Crystal and defect chemistry of
rare earth cations in BaTiO; [J]. Electr, 2001,7 (1)
25— 34.

Segall M D, Lingan P J D, Probert M J, et al. First-
principles simulation: ideas, illustrations and the
CASTEP code[]J].J Phys: Condens Matter, 2002, 14
(1):2717 — 2744.

Clark S J,Segall M D, Pickard C J, et al. First princi-
ples methods using CASTEP[ J]. Zeitschrift fiir Kri-
stallographie,2005,220(5/6) :567 — 570.

TN EAOGIEEIM]. At E R HOR R
AL, 2001.

Abraham Y, Holzwarth N, Williams R T. Electronic
structure and optical properties of CdMoO, and CdWO,
[J].Phys Rev B,2000,62(3):1733 — 1741.
Michel-Calendini F M, Mesnard G. Band structure and
optical properties of tetragonal BaTiO[J]. Solid State
Phys C,1973,6(10) : 1709 — 1722.

Cardona M. Optical properties and band structure of
SrTiOs; and BaTiOs; [J]. Phy Rev, 1965, 140 (2A) .
651 — 655.

Horie T, Kawabe K, Sawada S. Optical behaviours of
multi-domain single crystal of BaTiO; in dependence
on temperature[ J]. Phys Soc,1954,9(5) ;823 — 825.





