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Fig.1 Primitive unite cell of anatase TiO,

BLEKH™AH TiO. 1 &b IR 4514 J& VU 5 fid &, =5 [ BE R
14, /amd. BLEKH™ AH TiO, ) —JE ML & A P4~ Ti
JEFFEA O i+, Hrph O & RS — sk
bR ow A5 RS B AR AR 2390 - TiC0, 0,00 F1 O
(0,0, u). BLEKW A0 TiO, HAFEM A AIF I Ti—O
SR s dog 1 o IS EEZ 0] (Ti—O— T 1 £ B
20, GniE 1 PR

ARSI TR R F 5L T %5 B0 oR e 1) - 1T %
B A7 1k AT . N L Accelrys 28 B T & 1 Ma-
terials Studio ' ffj CASTEP # Bt i 47 i+ #.
CASTEP & — 5 F % B3z o 7 ik M Sk /i 7
JIHART I B & I ok s RO
i AR S L D R BRI S T T D R A R T -
HLFH ELAE B 22 5 0GB BB HR JR) Bl 2% B2 O L (local
density approximation, LDA) = J X 4 & i I
(generalized gradient approximation, GGA) ¥ 17
BEIE B S H AT B MEw 1 7 45 Wi 53 Bie
TEN A R Y B R T R A R S ML Celectric
dipole approximation) #47 . it F J1 = W WL 2L &
7 18] BR AT ' W W ) 7 2 v 7 R I F 1 3 T AR
R K fE o5 4 25 2 5 68 A o5 4% 28 2 8] A BR AT
T DA AR Al 2 oK B 4 L W] DA BB R L3R
FE SCHEF A L R TR e
e.(q > O, he) = Zez“

X

SYNF S| w PS(ES - EY - E)

(D
X u BRASTRGIRALTT m&E; C. V 35 R s
ST RN A s K B K (W Ju s r | ) Ryl it
BRAEHRE s E s Ex 43 390 58 R A 1 19 AR 4F B
9.

1 L 454 TP G A [R] BRAE I S Y P BR AT
PR A3 S S0 o P R R TSR A IR L
K A FEL PRBICRT LA 3R 38 Ry 28 4 ) 1 o B, SE R S R
#B 2 6] B D)l 3 Kramers-Kronig 728 it #H B¢ & . [A]
i A B R B K 3 M R BT DA S T O R LR
GRS e D P N LN 10
S5 TG P BT A R MK B S Bl T BB 2 [R) HELF
B AT T 7 A 1 6 3 LR L PR o A RS A S S 1 A H
M 7 R BE U0 0'6 27 i 0T RE SR AE MR Y 4 B A
PE T 5 F 55 O R 0 SO ARE TR R [ (AR ) 0 FE
THER B R AR

TESE LA B, 28 46 - S 6 R SR FH Jm) 38805 1 3 {0
i CA-PZ J7 28, T 16 BB 45 48 SOt 27 v B iy it
SR SR )T SO B Sl Bl i) RPBE 7 58 . - 1 i
BT RE T iy 380eV ., k-points B N 3X7X3, HiA
Y S bR HE B 5 X 107 eV /atom, fif & 1155 1y
TS G 25 R p HE AT . o0 T A3 IR E Rl T B g
KRG E M S R AR R BGE AR AR i
MBS B GOS0 A 2 S U0 A N A A
() 77 3 R AT A AR B B B SRS A BL SR Rl EAT
AH S B PR BT X F o2 M B SR SR A T Y
TIELF AT IE DB T 5 5200 50ds 047 LU A

3 HEARSITR

3.1 BUEENERTEN

R T HRAR TIiO, WA A& S, i s
Boa fe, oitBMMERERE E LIRS a
Fl e 3 A] JE 2o fh MR BE & BB TS )L U TiO,
M SRR Vot BB AR B VX N & S AR
i AR5 6 A5 3 1) Bl f Murnaghan R85 2 g
TG e A5 B d5e /N BV RE B 0 N AR A% IR VAN
it S8 a e 1A B UL AL 5SS 8O 5
BRG] TR 1, A IR A R 5 T SR R G A 52 5
& X % B F-LAPW, PHF (Pseudopotential Har-
tree-Fock) B AR 138 Jr ik RS 2 i &5 . AR 1
IR =R S MBS A g R S e

BARE AH 5 SCHR R AE T2 SR AR E AR SO
R RS L BRAR RSN AR 22 YN T 0.65% . HL
mn A6 S i T SAE 0 I 25 AR AR /N AR S5 R UL A
SCHTR AT D & AT AT R B A R AT
1.

SR A TiO, & (AR A BL JH DX 1 X FR 7 1)
P REH G5 & 2 s, SRR BE B e TE BB 1 5
AR B W /NN 2.67eV. /N T 5L 55 {H
3.23eV,fH Y5 Lee % A" fz 3T 4% 38 (4 31 8 25
(2.37eV) M Asahi & N\ 345 5.(2. 0e VO L .



410 ) A 2 4

BUBKH A TiO, HL 145 44 FIOL 27 1 o Ay 25 — 1 I B O 5 1557

£ SRS BUEKT M TiO: W JLART 45 H 2 K5 SCHR R (9 55 3 (00 R+ 3B (9 Lo e

Table 1

PHF'?*) calculations

Optimized structural parameters for anatase TiO, compared to experiment™®’ and the results of FLAPW,

This work

F-LAPW2

PHF?)

— — — Exp. "/
Result Deviation/ % Result Deviation/ % Result Deviation/ %
a/nm 0.380315 +0.485 0.3692 —2.452 0.3763 -0.576 0. 3784793
¢/nm 0.955847 +0.485 0.9471 -0.435 0.9851 +3.560 0.951237M12]
d.p/nm 0.197691 -0.151 0.1948 -1.611 0.1995 +0.763 0.19799%%
deq/nm 0.194584 +0.623 0.1893 -2.110 0.1939 +0.269 0. 19338
c/a 2.5133 0 2.566 +2.096 2.618 +4.165 2.51332
u 0.2068 -0.625 0.206 -1.009 0.202 -2.931 0.2081
20/ () 155.510 —0.461 154.4 -1.171 152.1 —2.644 156. 2303
V(nm?*/TiOz) 0.0345633 +1.461 0.03227 -5.271 0.03487 +2.361 0. 0340656
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Table 3 Peak position of dielectric function (e) ,reflectivity (R),and absorption coefficient ()
Peak position/eV
€1z 4.08 4.56 4.90 6.35 7.28 7.69
< Elxy 3.40 3.79 4.42 6.72 6.84 7.33 8.05
€22 4.27 4.66 5.05 6.55 8.25 9.65
€ . 3.45 3.93 4.61 5.39 5.92 7.52 8.59 9.70  10.38
- E// c 4.22 4.66 5.10 6.55 8.44 8.97 10.14 11.20 11.73 12. 36
Reflectivity
Elc 3.35 3.89 4.61 5.43 5.97 7.62 9.07 9.89 10.57
. E//c 4.32 5.19 6.65 8.39 8.78 9.85 11.59 13.96 15.13
Absorption
Elc 3.93 4.66 5.97 7.62 8.68 9.80 10.48
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Calculated absorption coefficient of anatase
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First-Principles Calculation of Electronic Structure and Optical
Properties of Anatase TiO, "

Zhao Zongyan, Liu Qingju', Zhu Zhongqi, and Zhang Jin

( Yunnan Key Laboratory of Nanomaterials & Nanotechnology ,

Yunnan University , Kunming 650091, China)

Abstract: A first-principle calculation using the plane-wave ultrasoft pseudopotential method is performed to investigate the

electronic structure and optical properties of anatase TiO, in detail, and their relationship is theoretically analyzed. The di-

clectric function and complex refractive, reflectivity, and absorption cocfficients of anatase TiO, dominated by electron in-

terband transitions are analyzed in terms of the precisely calculated band structure and density of states. The theoretical re-

sults agree well with the experimental data and show significant optical anisotropy in the polarization direction of E // ¢ and

E | ¢, offering a theoretical basis for the application of anatase TiO, .
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