Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

CuBFIENERTIO, MEMRF M RAIVELIR

X FAE O Hth KRR BE EERAL

A simulation study of structural and optical properties in Cu ions implantation single-crystal rutile
Liu Huan LiGong-Ping Xu Nan-Nan Lin Qiao-Lu Yang lLei Wang Cang-Long

5| {8 & Citation: Acta Physica Sinica, 65, 206102 (2016) DOI: 10.7498/aps.65.206102

7 2% )13 View online:  http://dx.doi.org/10.7498/aps.65.206102
2 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/120

AT RERH B BB 3L &
Articles you may be interested in

IPH 12 22 A il o A PRI R )
Study on magnetic moment of cation-vacancy
YE % 4.2015, 64(17): 176101 http://dx.doi.org/10.7498/aps.64.176101

He 5748 H8 6H-SiC 5 N Bk 16 IEHT 7L
Spectra study of He-irradiation induced defects in 6H-SiC
YHA4:.2014, 63(21): 216101 http://dx.doi.org/10.7498/aps.63.216101

UUSE TR ZnO Hs 80 T 5 B 22 1 AR H UM R 0 B2
The effects of precipitant on the defect structures and properties of ZnO varistor ceramics
YE = 4.2013, 62(22): 226103  http://dx.doi.org/10.7498/aps.62.226103

Er3T 75 KPboBry f A i G B A x4 K e Gl i s i
Influence of site-selective doping of Er3* on the upconversion spectra in KPb,Br;
PP 2EH%.2013, 62(21): 216101 http://dx.doi.org/10.7498/aps.62.216101

BB IR e NI VR 7T
The magnetism study of N-doped diamond
Y 24,2013, 62(16): 166102  http://dx.doi.org/10.7498/aps.62.166102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.206102
http://dx.doi.org/10.7498/aps.65.206102
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract65124.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65124.shtml
http://dx.doi.org/10.7498/aps.64.176101
http://wulixb.iphy.ac.cn/CN/abstract/abstract61546.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61546.shtml
http://dx.doi.org/10.7498/aps.63.216101
http://wulixb.iphy.ac.cn/CN/abstract/abstract56614.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56614.shtml
http://dx.doi.org/10.7498/aps.62.226103
http://wulixb.iphy.ac.cn/CN/abstract/abstract56523.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56523.shtml
http://dx.doi.org/10.7498/aps.62.216101
http://wulixb.iphy.ac.cn/CN/abstract/abstract55097.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55097.shtml
http://dx.doi.org/10.7498/aps.62.166102

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 20 (2016) 206102

CuBFENBRETIO MG I

EBTRY

TR

xHD AT

i

1) CEM KRR AR BB, 4
2) (WpERF 2 BEAE AR ST, 22

HHEY #ED ITERY

730000)

730000)

(2016 4E 4 A 27 HIgE; 2016 45 7 A 5 Ay BB 506 )

TiOz & — Mo R 58 A SRR, RAEZERNHNE. Co 785 Bl &4 4 TiO2, W A
TiO2 X el R ma B v B, e A iR, AR SR RS — PSR B0 BT T 1 Cu 73R Cu B AR T A
R ALK A R A G IEI S 2047 TiO2 S5 M HA RO PE B4R . G52R8, &4 pr i i 2
O 2p HUiE TR, TR EZH Ti 3d PUBTTHR; B7% Cu BT e S EREMB T E AN 2 B RESL; Ti A0
IR PR RE R AR, R DU AR e O SR IORRER T, £ 3 R AW s, R n B
PORTERT. I AT A BRI 0 R T SR R b, 13 BIRIN S O A AL AN Cu SRR IR i A W] I

1 ] PR IR AT 2T A K

KUEIR): @2, REAF AN, DLATESR, 4R

PACS: 61.72.—y, 61.72.J—, 42.70.—a, 73.20.Hb

15 =

TiOy B A 17 6 ra 5 1%, Fo AL 2 4
fasE, I Ha bt oaE. PLAILRE I8, £ KBHRE
Lt D't K ) S OB S5 5 TR A R
(ML AE, 1T IX 28 R S TiO, B e A P AT
IR R L B R 404 TIO, MR 1A BN
3.02 eV, B MAMER AL T2 A B, R b KB
REE Y 4%, X AR FHYE RIS FAL R B, oK
M PR 56 ARG IR AL O T 4098 TiOg BIO6
WY, B R e AL RCR, W TR B G
T St EUUR . @RS T B MRHEUL . 1
G RIBIRE T PO Ho g & R B R e Bk
SRR I 2 E .

ARSCR M Cu B FEN 7 30 e e 400
TiOx AT HB R, A CUE FIENGRGBEIH

DOI: 10.7498/aps.65.206102

TiOo &5 ¥ S e 2= M RE AR 1L, FRATR A& %
FE7Z R EE I CASTEP 27 X Cu & F 8B4+ 1)
A TiOo HEAT T iHEHUEERL, MBI Eik5
T CuE IR, Cu B Tis AL R AL DL K&
BB E A BRI G40 TiO, 45K Mk G 2 i
(AR, BIF FEAS [ BB T 50 8 4 2T A e 25 1 o R 5
Wi, 5 B A s /N R TAR IR 45 3R, JF N e 4k
S TAE B8 5 PR LAl

2 T EAEA Fo gk
2.1 tEER

B a7 RE K, AR
Po/mnm, gak&H0H TR+, BA)\HAS FH
10 AN\ AHE, AR M EA 64O 5T,
P Ti0 73 T4 i — A f Mg [0,

* ERHRRIERES (HHES: 11575074) Flrh R iR B AR % 2% (H#E S 1zujbky-2015-240) 5 BIIF IR

T #EVEH. E-mail: ligpQlzu.edu.cn
© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

206102-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.206102
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 20 (2016) 206102

1 (MTER) S4ARSBEHE  (a) FEHLHE; (b) 2 x 2 x 2B MR H

Fig. 1. (color online) The cell structure of rutile: (a) The primitive cell structure; (b) the 2 X 2 X 2 supercell structure.
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Fig. 2. The band structure of perfect rutile.
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Fig. 3. (color online) The density of states of perfect
rutile: (a) Total density of states; (b) partial density
of states of Ti 3d and O 2p.
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Fig. 4. The band structure of rutile with point defects: (a) Cu instead Ti; (b) Cu interstitial; (c) Ti vacancy;

(d) O vacancy.
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Fig. 5. (color online) Dielectric function of rutile with
point defects: (a) The real part of dielectric function;

(b) the imaginary part of dielectric function.
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Fig. 6. (color online) The absorption coefficient of ru-

tile with point defects.
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Fig. 7. The band structure of rutile with different Cu
concentration: (a)2 X 2x2; (b) 1 x2x2; (¢)1x1x2.
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Fig. 10. The band structure of rutile with different Cu concentration: (a) Contain both Ti vacancy and Cu

interstitial; (b) contain both O vacancy and Cu interstitial; (c)contain both O vacancy and Cu instead; (d)contain

both Ti vacancy and Cu instead.
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Table 1. Structural parameters of rutile with different defects.

g a/A b/A c/A a/(°) B/(°) 7/(°) c/a

i Awe) 9.316 9.316 5.938 90.000 90.000 90.000 0.637

Cu &7 Ti 9.371 9.371 5.923 90.002 89.998 89.601 0.632
Cu 3B 9.188 9.188 5.918 90.000 90.000 90.000 0.644

Ti %L 9.453 9.453 5.966 89.999 90.001 90.251 0.631

O Fi1 9.729 9.729 5.939 90.000 90.000 84.567 0.610

Ti 47, Cu HHR 9.523 9.493 5.937 89.427 90.048 89.618 0.623
O 4, Cu IR 9.493 9.503 5.963 90.000 90.000 89.186 0.628
O ZL.Cu B L 9.431 9.419 5.937 90.000 90.000 88.083 0.629
Ti 27 Cu B L 9.342 9.342 5.933 90.002 90.001 89.915 0.635
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%% [T S O 7 LRI C HE AT 6T 8 44 11 285 4] %
FE T WL Rl PAY PR AR T K

Cu B AL, CulaRR Ti AL O 7 b S B & Bk
B Iy L 2 B AN, R AT IOV A A 13T Y
W ATV, 58 KA T L6 v B Y FR A, T BLIE B
L S 20 IR B .
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Abstract

TiO2 is a versatile functional material in consumer products, such as fabrication of solar cells, light hydrolysis
of hydrogen production and optical coating. Technologically, the absorption edge of TiO; is in the ultraviolet (UV)
region, which restrics its applications. Cu doping can solve the crucial problem and extend the absorption edge from
the UV to the visible region. The first-principle calculation based on density functional theory with generalized gradient
approximation and ultra-soft pseudo-potentials is carried out to investigate the defective rutile TiO2 through using the
constructed 2x2x2 supercells in which all atoms are allowed to relax. The plane-wave cutoff energy is 340 eV by selecting
2x2x3 of k-point in Brillouin zone. O vacancy, Ti vacancy, Cu interstitial, Cu substitutional for Ti and compound defects
are all considered. After the structural relaxation, the lattice host is slightly distorted with a little change of the lattice
parameters, with out affecting the crystalline phase of rutile. The results show that the valence bands are mostly O
2p states while the conduction bands have mainly Ti 3d properties. The defect of Cu interstitial can bring about two
new impurity levels in the energy gap because of Cu 3d states, and the defect of Cu substituted for Ti can also induce
two new impurity levels while they are next to the valence band due to the interaction between Cu 3d and nonbonding
orbits of O 2p. Ti vacancy can cause the Fermi level energy to lower and produce a new impurity level at the top of the
valence band, which will narrow the energy gap. O vacancy can enhance the Fermi level energy and produce a new level
at the bottom of the conduction bands, which shows the n-type semiconductor properties. The higher the concentration
of Cu substituted for Ti, the larger the band gap is. It is due to the strong interaction between Ti 3d and Cu 3d, which
makes the conduction band move to higher energy. Different compound defects have different influences. Cu interstitial
and O or Ti vacancies induce new impurity levels within the band gap, which narrows the gap. Meanwhile, interstitial
Cu and vacancies can also interact with each other. The hybridization between Cu 3d and nonbonding orbits of O 2p
will induce new levels in the rutile with Ti vacancy structure, while nonbonding orbits of Cu 3d develop new levels by
itself in the rutile with O vacancy and Cu interstitial. The Analysis the band structure of rutile with compound defects,
shows that the rutile with O vacancy and Cu interstitial effectively affects influenced the absorption edge in visible light
range. Cu interstitial, Cu substituted for Ti, O vacancy, Ti vacancy and compound defects can all narrow the band gap
and produce a new absorption peak in the visible spectral range. It indicates that rutile with defects will improve the

absorption in the visible range and achieve the goal of expanding the absorption range of single-crystal rutile.

Keywords: rutile, band structure, optical properties, Cu
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