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1 A (a) B (b) Tio.oro17Wo.0208302 HH; (c) Tio.os875 Wo.0312502 #ML; (d) Tio.05833Wo.0416702 i

(e) Tio.9375 Wo.062502 #ML; (f) Tio.s75 Wo.12502 Hiffl

Fig. 1. Models for (a) pure anatase TiO2, (b) Tip.97917Wo.0208302 supercell, (¢) Tig.96875 Wo.0312502 supercell,

(d) Tio.95833Wo.0416702 supercell, (e) Tig.9375 Wo.062502 supercell, (f) Tig.g75 Wo.12502 supercell.
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Table 1. Lattice constants, total energies, and formation energies of pure and doped anatase TiO2 systems.

Tii—zWzO Spin E/eV  Spin F¢/eV Non-Spin E/eV Non-Spin F¢/eV a/nm ¢/nm V /nm3
TiO2 (%H) —9762.61 — 0.3779 0.9657 —
Tio.07017Wo.0208302 —115786.52 3.97 —115785.73 4.76 0.3789 0.9638 0.0967 [22]
Tio.06875 Wo.0312502 —76736.04 4.01 —76735.25 4.80 0.3791 0.9640 0.1385[22]
Tio.05833Wo.0416702 —57210.75 4.08 —57209.96 4.87 0.3797 0.9625 0.1387[22]
Tio.0375Wo.062502  —37685.44 4.17 —37684.65 4.96 0.3803 0.9624 0.1392[22]
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(a) BT A HRMAL Tio.97917Wo.0208302; (b) FTAFE BEMR AL Tio.05833 Wo.0416702;

(c) HF BIERAL Tio.97917Wo.0208302; (d) HLF HIEMA Tio.95833 Wo.0416702

Fig. 2.

Total density of states: (a) Tio.97917Wo.0208302 under the conditions of electron non-spin;

(b) Tio.905833Wo.0416702 under the conditions of electron non-spin; (¢) Tio.97917Wo0.0208302 under the con-

ditions of electron spin; (d) Tig.95833 Wo.0416702 under the conditions of electron spin.
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Fig. 3.

Band structure: (a) Tio.07917Wo0.0208302 under the conditions of electron non-spin;

(b) Tio.05833Wo.0416702 under the conditions of electron non-spin; (¢) Tio.97917Wo0.0208302 under the con-

ditions of electron spin; (d) Tig.95833 Wo.0416702 under the conditions of electron spin.
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%2 Tio.97917Wo.0208302 1 Tio.05833Wo.0416702 HEHLM 7 25 &
Table 2. Electron effective mass for Tip.97917Wo.0208302 and Tip.95833Wo.0416702 supercells.
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Tio.95833W0.0416702 [0, 0, 1] [0, 1, 0] mk, mf, 0.809 0.823 0.831 0.956
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Fig. 4. Density of states for doped anatase TiO2 under the condition of electron spin: (a) Total density

of state for Tig.96875 Wo.0312502 supercell; (b) partial density of state for Tig.g96875 Wo.0312502 supercell.

3.9 BHEE TiosrsWo.12502 FRHTE &
HELMEFNE BIRE D

MR AR AL, B AFM REEFIFM B2
7 AE A LAl S DMS 1 JE B 2 5540 iig jqr
Ry

H;j = — Z Jij - 8i - S5, (14)
i#]

A, Jiy A AL E R G AL E 2 ) S A R A

S; i MBI R, BRI AE T E TS
AE" = §%C* Y " o, (15)

n#0

A CREMEETFHIWRE; n2XXEMHE TR

iy AET AL A R e AR 4 58 — 1 SR B i S

AFM &5 FM &2 e =EZ AE. %B—J 711, H

SR I Brillouin A

247201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 247201

2 2

keTo = 38 CT;)J,LO, (16)
X, kg WK S HH f(15), (16) %
A HETS
2AFE
Wa
Horb, To 2 HEDMS ) E B, TAEZ X
B MBSz R EZE. N (7) i,
AEBK, To K. THERH, Tig.srsWo.12502
0 e B PR R R L BB B 4O —36319.4756 eV T
Tig.875 Wo.125 0o # Jil 15 B 1) [ BRHAYE B RE B 200
~36319.4340 eV. 45 F B, Tig g5 Wo 12500 8
B R R 5 BRI A R S B B 22
N(AE = 42 meV). B34k REW N, X5
St g R USRS, AT RN, 5 # R B AR
i RE KA ksT B4, /£ T =300 K I, K&
2:F 30 meV B T AE 42 meV, FbLitH5H15
H Tig.s75 Wo.12502 HE LI B BLIR FE 208 420 K. A
SR 0 A B2 B, X W OB 2 BLEKT TiO, 14
R E, BWEMEN ZeWIAE]. 50 FOaw
MEIW B 281K TiO. 1, fE =R UL BRI 5%
TR, SEEL T 520k o gkmE 18,

kpTc = (17)

4 % B

AR 30K T AR B e R A ECH F E E R AL
FIAAE R, RS — M UL 4 W 5 4 B4k
TiOy Fa e A1 5 B e DL REPE () 52 m JEAT T #)F
. R

1) 75 873k B e Ab 3 1 B e AR Ak 1 25 1F
T, B E N 0.020830.0625 KITEHEIN, W EHB
FEHOK, BRKRSABUERY TiO, 1 S 5
A LA, WY o Bl ) 1) A% S AR K Y c Bl
IFi) ) A RO L BUERT TiO AR K 5
TR RBUEKH TiOo TE R AE R KL 15 2% M, I H,
HL 7 E IR A5 24k RAE X T LR BN B R IR
by e R

2) 1E B 3F H e Ak b 55 7 B AR Ak 1) 2% 1
T, B2 E N 0.02083—0.04167 5 H N, W B 24
TR IR R OK A AT RN GRS R
HL S SO SR RS 2 IR HL, 7R HF B R
IIZAE T, FEXTS J2 0k R H T S RO 1
SLZE R S 25 BT A, i LB BB A Bohr 248
ATt — 2 RAR T IR

3) FEH T B IRALKI SR, BRI R T
e AL IO BRI W B AR, T LB 2R AR AR e
10 B SR AR RETE A R, T 45 RS S AR 45 A

fE

S

[1] Mohamed M M, Asghar B H M, Muathen H A 2012
Catal. Commun. 28 58
[2] Wang X L, He HL, Chen Y, Zhao J Q, Zhang X Y 2012
App. Sur. Sci. 258 5863
[3] Li X, Zhu J, Li H X 2012 Catal. Commun. 24 20
[4] Jiang H Q, Yan P P, Wang Q F, Zang S Y, Li J S, Wang
QY 2013 Chem. Eng. J. 215-216 348
[5] Riley M J, Williams B, Condon G Y, Borja J, Lu T M,
Gill W N, Plawsky J L 2012 J. Appl. Phys. 111 074904
[6] LiN, Yao K L, Li L, Sun Z Y, Gao G Y, Zhu L 2011 J.
Appl. Phys. 110 073513
[7] Choi W, Termin A, Hoffmann M R 1994 J. Phys. Chem.
98 13669
[8] Yang Y, Wang H'Y, Li X, Wang C 2009 Mater. Lett. 63
331
[9] Neville E M, Mattle M J, Loughrey D, Rajesh B, Rah-
man M, MacElroy J M D, Sullivan J A, Thampi K R
2011 J. Am. Chem. Soc. 133 20458
[10] Qin X B, Li D X, Li R Q, Zhang P, Li Y X, Wang BY
2014 Chin. Phys. B 23 067502
[11] Feng Q, Yue Y X, Wang W H, Zhu H Q 2014 Chin.
Phys. B 23 043101
[12] Wang Q, Liang J F, Zhang R H, Li Q, Dai J F 2013
Chin. Phys. B 22 057801
[13] Song C L, Yang Z H, Su T, Wang K K, Wang J, Liu Y,
Han G R 2014 Chin. Phys. B 23 057101
[14] Li M, Zhang J Y, Zhang Y 2012 Chem. Phys. Lett. 527
63
[15] Liao B, Tan L Z, Hou X G 2008 Acta Chim. Sin. 66 281
(in Chinese) [BU®&, BALEL, BRI, X% 2008 1633
& 66 281]
[16] Kafizas A, Parkin I P 2011 J. Am. Chem. Soc. 133 20458
[17] Chen D M, Xu G, Miao L, Chen L H, Nakao S, Jin P
2010 J. Appl. Phys. 107 063707
[18] Gong C W, Jiao J R, Wang J H, Shao W 2015 Physica
B 457 140
[19] Segall M D, Lindan P J D, Probert M J, Pickard C J
2002 J. Phys. Condens. Matter 14 2717
[20] Perdew J P, Burke K, Emzerhof M 1996 Phys. Rev. Lett.
77 3865
[21] Gong JY, Yang C Z, Zhang J D, Pu W H 2014 Appl.
Catal. B: Environ. 152—153 73
[22] Kafizas A, Parkin I P 2011 J. Am. Chem. Soc. 133 20458
[23] Zhang L, LiY G, Xie HY, Wang H Z, Zhang Q H 2015
J. Nanosci. Nanotech. 15 2944
[24] Cui X Y, Medvedeva J E, Delley B, Freeman A J, New-
man N, Stampfl C 2005 Phys. Rev. Lett. 95 25604

247201-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.catcom.2012.08.012
http://dx.doi.org/10.1016/j.catcom.2012.08.012
http://dx.doi.org/10.1016/j.apsusc.2012.02.117
http://dx.doi.org/10.1016/j.apsusc.2012.02.117
http://dx.doi.org/10.1016/j.catcom.2012.03.009
http://dx.doi.org/10.1016/j.cej.2012.10.082
http://dx.doi.org/10.1063/1.3699370
http://dx.doi.org/10.1063/1.3646328
http://dx.doi.org/10.1063/1.3646328
http://dx.doi.org/10.1021/j100102a038
http://dx.doi.org/10.1021/j100102a038
http://dx.doi.org/10.1016/j.matlet.2008.10.037
http://dx.doi.org/10.1016/j.matlet.2008.10.037
http://dx.doi.org/10.1021/ja208633g
http://dx.doi.org/10.1088/1674-1056/23/6/067502
http://dx.doi.org/10.1088/1674-1056/23/4/043101
http://dx.doi.org/10.1088/1674-1056/23/4/043101
http://dx.doi.org/10.1088/1674-1056/22/5/057801
http://dx.doi.org/10.1088/1674-1056/22/5/057801
http://dx.doi.org/10.1088/1674-1056/23/5/057101
http://dx.doi.org/10.1016/j.cplett.2012.01.009
http://dx.doi.org/10.1016/j.cplett.2012.01.009
http://sioc-journal.cn/Jwk_hxxb/CN/abstract/abstract331072.shtml
http://dx.doi.org/10.1021/ja208633g
http://dx.doi.org/10.1063/1.3326940
http://dx.doi.org/10.1016/j.physb.2014.09.045
http://dx.doi.org/10.1016/j.physb.2014.09.045
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1021/ja208633g
http://dx.doi.org/10.1166/jnn.2015.9638
http://dx.doi.org/10.1166/jnn.2015.9638
http://www.ncbi.nlm.nih.gov/pubmed/16384484

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 24 (2015) 247201

[25] Tang H, Prasad K, Sanjines R, Schmid P E, Lévy F 1994 [30] Roberts S 1949 Phys. Rev. 76 1215
J. Appl. Phys. 75 2042 [31] Couselo N, Einschlag F S G, Candal R J, Jobbagy M
[26] Lu E K, Zhu B S, Luo J S 1998 Semiconductor Physics 2008 J. Phys. Chem. C 112 1094

(Xi’an: Xi’an Jiaotong University Press) p103 (in Chi-

) [32] Long R, English N J 2011 Phys. Chem. Chem. Phys. 13
nese) [XIEH}, KFert, TEAE 1998 - FARMH (FG%: 7

13698
AR B IA) 2103 1)
K, D ichs P H, K Y H 2003 FE .

[27] Takeuchi U, Chikamatsu A, Hitosugi T, Kumigashira H, [33] iato Gi 4g§erlc ° », Ratayama 003 Burophys

Oshima M, Hirose Y, Shimada T, Hasegawa T 2010 J. ett.

Appl. Phys. 107 023705 [34] Lin Q B, Li R Q, Zeng Y Z, Zhu Z Z 2006 Acta Phys.
[28] Schleife A, Fuchs F, Furthmiiller J 2006 J. Phys. Rev. B Sin. 55 873 (in Chinese) [#HKE, 2~ 4x, BKE, KL

73 245212 2006 P 4% 55 873
[29] Eucken A, Biichner U A 1934 Z. Phys. Chem. B 27 321 [35] Gopal P, Spaldin N A 2006 Phys. Rev. B T4 094418

A first-principle study of the effect of W-doping on
physical properties of anatase TiO>"

Hou Qing-YuY" Zhao Chun-Wang?

1) (School of Science, Inner Mongolia University of Technology, Hohhot 010051, China)

2) (College of Art and Sciences, Shanghai Maritime University, Shanghai 201306, China)
( Received 14 July 2015; revised manuscript received 7 September 2015 )

Abstract

The experimental studies of the effect of W-doping on conductivity of anatase TiO2 have opposite conclusions
when the W-doping concentration is in a range from 0.02083 to 0.04167. To solve the conflict, two supercell models
for Ti0.97917Wo.0208302 and Tip.95833 Wo.0416702 are set up for optimizing their geometries and calculating their band
structures and the densities of states based on the first-principles plane-wave norm-conserving pseudopotential of the
density functional theory. The electron concentration, electron effective mass, electronic mobility, and electronic con-
ductivity are calculated as well. The calculated results show that both electronic conductivity and conductive property
of the doped system increase while the electron effective mass decreases, with the increase of W-doping concentration in
the presence or absence of electron spin. The conductive property of Tip.95833Wo.0416702 system is better than that of
Ti0.97917Wo.0208302 system, which is further proved by the analyses of ionization energy and Bohr radius. To analyze
the stability and formation energy of W-doped anatase TiOz, two more supercell models for Tigp.g96875 Wo.0312502 and
Tio.9375 Wo.062502 are set up combined with the geometry optimization. The calculated results show that the total en-
ergy and the formation energy increase while the stability of the doped system decreases, with the increase of W-doping
concentration in a range from 0.02083 to 0.04167 in the presence or absence of electron spin. Meanwhile the W-doping
becomes more difficult. A comparison of the doped system with the pure anatase TiO2 shows that the lattice constant
along the a-axis of the W-doped anatase TiO» increases, and its lattice constant along the c-axis and volume increase
as well. The calculated results agree with the experimental results. The doped system becomes a half-metal diluted

magnetic semiconductor with a room temperature ferromagnetism in the presence of electron spin.

Keywords: W-doped, anatase TiO5, physical properties, first-principle
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