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Theory studies on electronic structure and optical properties of
N-Al co-doped anatase TiO,
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Abstract: The electronic structures of N-doped, Al-doped and N-Al co-doped anatase TiO, were investigated by the
first-principles plane wave ultra-soft pseudo-potential method based on the density functional theory (DFT). The crystal
structures, energy bands, density of states (DOS) and optical properties were analyzed. The results indicate that the lattices,
cell volumes of TiO, and bond length of atoms of TiO, after doping have different degrees of change. The band gap of single
doped samples is narrowed as the same as the N-Al co-doped TiO,. Also the impurity energy levels appear near the Fermi
level, which can reduce the recombination rates of photoexcited carriers, so, the photo catalysis efficiency of TiO, is
improved. The N-Al co-doped anatase TiO, shows a stronger red-shift in the absorption edge than the single doped samples,

and its energy level splitting is more obvious.
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Table 1 Structure parameter of anatase TiO,
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Fig. 1 Supercell model of N-Al codoped anatase (2X2X1)

and site of dopants
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Table 2 Lattices constants, cell volumes of anatase TiO, and

binding energies after doping

TiO, aA  bA A VAP Efev
Undoped  7.4956 7.4956 9.4578 5314 —6.853
N-doped ~ 7.4930 7.5355 9.4199 531.9 —6.766
Al-doped ~ 7.4879 7.4879 9.3887 5264 —6.730

N-Al co-doped 7.4979 7.4613 9.4246 5273  —6.650

SIFTTHREE R, R 4 BB T 4 BeAHZE AR,
YL NV AL BT HIT INERFE T 8AMA R ENE.
K 2ETLLEH, N Al B FHRBE3EHB ) Tio,
(1 i e S E SRRV ] . N BB 2RI, T N &
TR T OF 42 S5 f3 30 Ti—N °F
B (drn =1.960 A) KT Ti—O “F¥ K (dn-
0=1.942 A); i HiBA%JG Ti—O P8 KA K 1.942
AR 1.950 A). FRZ=FHASLEHHRL SN
AR O JR 7 Ja S M AR K, X 5 Z B it 2
= R ALRBZ, BT AL TR T T
BAR, 53— J7 I dar-o(1.886 A)<dri—o(1.942 A),
dri-oaner(1.939 A)<dr1i—0penre(1.942 A), T drio pefore
dri—oafer~s dar—o 7R Al B24HIE Ti—O B
Al—O BRI, AL B A s, AREAR N,
MRS F BER UL, WTRE 2 T B AR 24 AL [ 147 T
iR AL, SR A AL Dy, SRS 3 40
b, T T SR 2R K . N-AL LB AR5 (1 5 4k
BT Al B8RSSR TiO, ARBLZ 7], XA fE

201544 H

Se RN 1242 I8 KT ros T ra DT Py NOHT AL
Z ) SR ZUAH FLAE P A3 R R Tk 2B T AR
AR IR AR AR 51 TiO, 7 A2 N R AR, 5 Tk
HL = 7O 00 2, 4R TiO, I e AbyG 1

2.3 BFEMSTR

HTHE NS Al 524415 TiO, T 45 1424k,
FFHARA S 1R S5 R v S315 200 58— A FLIH X e R R
Ji I RE TG A B R R I A
Wil 2 1 3 . e v EOE R AR LA N T oK RE
el 0. WE 2w, BPIHELT 240 TiO, 2%
e Eg=2.193 eV, 5ICHR[25-26]11H5MH (2.0 eV,
2.20 eV)HZIL, #B/NFSEIA 3.2 eVe KA TRH
NXHFEITANGGA)IS, A WO B A 2 ik
A LA SE e B oK, Kohn-Sham 7 R H 3K i
2 TIRRIER, BAFEHE N ESE R
TE AR/ 30%~50% 0 b2, SXAETVIET T VLA B R b it
I, 5 SCER27 TR0 — 30, Xk SR e v oy
Wr&Asem, TR R B IR SHTEIE .
23.1 fREEEH

2 iR TiO, B2k Ja e a5k Bl o IR 2 7]
CIEH, Ny Al 48 3RS J Al G 15 BRI,
KA B RIREY 2, H A7 R (CBM) AN T (VBM)
HAANFREERIBE), REERBREENMERIISE
M 98 FEHRU N A 1.618.1.597 Fl 1.476 eV . 54l TiO,
FHEG, ARr v a3 AR A, WeHr i R B4R . KT N
BoR, EPOKRR T By HI 3 4 A lReSL,
Hpfi—45 VBM &S, X522 arE et
P30, SR EERI, XL e 5
JEH N 2p F1 O 2p BB S, B IR T Re g fd
13 TiO, X WOGHRCE Brsam, (0 N BIs11EHR
BET OIS T HBIR TR S R 2(c) 5 K 2(a)
R, eI Y 2 FRedl, X2 Al JiF
L Ti Jir—A i, TR B SR EUE L Ti
JE A — M R A O SR N T E,
1 B (5 AT ERAT s O LRI U2 ERR AT
TR TR . ST N ALZEB 2%, A
BTG I NP E R T SAMA RO FRYE, Pk, fe
ooy i N, T HAEAY 58 LR MIBRE R OR, SHB gy
X B R W e e
232 BEE

3@)~(e) TR B ARG TiO, 7£ 9 K BEL T
()73 P A2 FE R RS . HIE 3(a)y~(d) T LAE
N. Al PRI 5INETEEEAMA R A 12240 )
g O 2p BIER—/NEB4y Ti 3d B, SN E5d Ti



5525 B 4 AW, A N-ALJUBAR TiO, BT 454 BOt A MR BB AT AL 1021

(2)

Energy/eV

Energy/eV

Energy band

B2 BAHTE B TiO, I fEH 44

4
(b)
T
e ——
>
o
>
200 s
L%, EE———— g‘
=2
G F Z G
Energy band
4
(d)
— [ ]
5 ——

Energy/eV

Energy band

Fig. 2 Band structures of anatase TiO, before and after doping: (a) Pure TiO,; (b) N-TiO,; (¢) Al-TiO,; (d) N-Al co-doped TiO,
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Fig. 4 Optical absorption curves of different ion-doped TiO,
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Fig. 3 PDOS and TDOS of anatase TiO,
near Fermi level: (a) Pure TiO,; (b) N doped
TiOy; (c) Al doped TiO,; (d) N-Al doped
TiO,; (e) Comparison of TDOS of different
ion-doped TiO,
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