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Doping Mechanism of N-Ti0,/Zn0O Composite Nanotube Arrays
and Their Photocatalytic Activity

ZHAI Xiao- Hui'? LONG Hui-Jin"? DONG Jiang-Zhou'* CAO Ya-An'*"
(*College of Physics, Nankai University, Tianjin 300071, P. R. China;
*Teda Applied Physics School, Nankai University, Tianjin 300457, P. R. China)

Abstract: Ti0x/ZnO and N-doped TiO/ZnO composite nanotube arrays were synthesized by the sol-gel method
using ZnO nanorod arrays as a template. Scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS),
and diffuse reflectance UV-Vis spectroscopy (UV-Vis) were used to characterize the samples. The nanotubes had a
uniform hexagonal shape. The diameter and wall thickness of the nanotubes were about 100 nm and 20 nm,
respectively. Some N dopants were substitutionally doped into the TiO, lattice, while the N-O,, N-C, and N-N were
chemically absorbed onto the surface of the TiOx/ZnO composite nanotubes. Dopant-induced narrowing of the bandgap
resulted from the doping of N ions into the TiO;, lattices. The surface N species enhanced the visible-light response and
promoted the separation of photogenerated carriers. Compared with the TiOy/ZnO composite nanotube arrays, the N-
TiO/ZnO composite nanotube arrays exhibited higher photocatalytic activity.

Key Words: Photocatalysis; TiO»/ZnO composite nanotube array; N doping; Doping mechanism
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Fig.1 SEM images of the ZnO nanorod arrays (a), Ti0,/ZnO (b), N-Ti0,/Zn0O composite nanotube arrays (c) and
XRD spectrum of ZnO nanorod arrays (d)

2 ZR5iT [ 5] P 4% 0 2 IR A, XA S R4 T T XPS 3.
2.1 Ti0,/ZnO F1 N-Ti0,/Zn0 E & MK EFET XPS M43 1, 78 TiOy/ZnO F1 N-TiOy/ZnO & £
HsR YUKAGFES R, B C.O.Ti N 1 Zn TCZEAN, WAH %

Bl 1 4514 ZnO 94K H: [ TiOy/ZnO A1 N-TiOy — BIH'EMICKAF1E. TiO/ZnO Ml N-TiO/ZnO H &
Zn0 EAWKERESH) SEM B 7EF 1a v, ZnO 9K RS G I K Y454 fiE 2F 14 55 (FWHM)
YUOKAE RSB, HAAZ0 100 nm; )N XRD 35K FURFSEG7ER 1. £ 189 C 1s, HEG/ER
H (& 1d) AT LORER 2] ZnO [002)RT 416 23T 284.8.286.3 F1 288.6 eV, 435I V- J& by 2 1fi W B 19
He Wt i, 0 Zno GO RITE 00 M —CH—.—CH,—O—(%H —14> O [ FIIRYIFh)
AR ZEE 1(b, o), AT LLIERF] TiO/ZnO FIN-  FI—C(O)O—(&A WA O JBET-Humedfh).

TiO./ZnO & & 9NKE N/SAIE, B EAZZ N 100 [ 2 & TiO,/ZnO F1 N-TiO./ZnO & 444K 45 fh:
m, & REJE R Z) 20 nm, 5 ZnO FKRAETEARAH L. HIF) XPS 11 O 1s Wi, 455680 530.1 eV
2.2 XPSit FIEE R I Ti0/ZnO Fl N-TiOy/ZnO & &4 A 55 /4 51|

A THFSE TiOy/ZnO 1 N-TiOy/ZnO 540K PHEEAE O, Bad i ] AI(WLEE 1), TiO/ZnO B4

%1 Ti0/ZnO 1 N-Ti0,/Zn0 8 &HKEFEF A& TR XPS UL F1E 3 (FWHM)
FIRF
Table 1 Peak positions, full width of half maximum (FWHM) and atomic fraction of elements in
Ti0,/Zn0 and N-Ti0,/Zn0O composite nanotube arrays

Sample Cls O 1s Ti 2p Zn 2p N 1s
TiO, Peak position (eV) 284.8 286.3 288.6 530.1 531.6 458.6 464.3 1021.8 1044.9
FWHM (eV) 1.23 1.44 1.92 1.23 2.09 1.18  2.05 1.63 1.76
Atomic fraction (%)  26.9 3.7 3.9 26.1 25.9 11.2 2.3
N-TiO, Peak position (eV) 284.8 286.3 288.6 530.1 532.2 458.5 464.2 1021.8 1044.9  398.0-402.0
FWHM (eV) 1.23 1.44 1.92 1.23 3.09 1.18  2.05 1.63 1.76
Atomic fration (%) 14.4 12.2 9.2 16.4 36.8 7.3 1.8 1.9

surface oxygen Ti 2psn Ti 2pys Z0 200, Z0 21 N-C, N-N, N-O,,

Attribution —CH,— —CH,—0— —C(0)O— lattice O* K .
species O-Ti-N
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Fig.2 O 1s peaks of XPS spectra for Ti0,/ZnO (a) and
N-Ti0,/ZnO (b) composite nanotube arrays
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Sf¢) XPS 1% Ti 2p . 78 Ti 2p W, TiOy/ZnO &
ARG R Ti 2py F1 Ti 2pys WERZE A BE ST 51
458.6 eV .464.3 eV ([ 3a), 1fii N-TiO,/ZnO & 444K
YEBEG Y Ti 2py F1 Ti 2pis W 145 4 68 43 B R
458.5.464.2 eV(I& 3b). LI 455K, TiOyZnO Al
N-TiO/ZnO & A 4K E FEH] i TiO, 2V 7 i &
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Fig.3 Ti2p peaks of XPS spectra for Ti0,/ZnO (a) and
N-Ti0,/ZnO (b) composite nanotube arrays
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BB 4%, Ti 2p 1 O 1s W IRSS A Re )y n] 7= A 4
B 2 AR 3, JEIRLE T N-TiO/ZnO & &4 K&
o O-Ti-N(Ti &+ 5 i Bl L4~ O fl—4> N & i
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Fig.4 N 1s peaks of XPS spectrum for N-Ti0,/ZnO
composite nanotube arrays
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Fig.5 Zn 2p peaks of XPS spectra for Ti0,/ZnO (a)
and N-Ti0,/ZnO (b) composite nanotube arrays
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254 HEN 1021.8 1 1044.9 eV IR S A% Zn B F-11)
Zn 2py, F1 Zn 2py, W, HZEE 685 ZnO B9 Zn 2py,
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W W Sy TiO, B Al Al BRAE, Ak W B9 {8 43l 29
383.1 nm([&l 6a)F1 389.1 nm([&] 6b), #H 1N 1YL 5
JEh 3.24 1 3.19 eV(ZnO 2547 55l 3.2 eV, (H
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Fig.6 Diffuse reflectance UV-Vis spectra of the TiO,/
ZnO (a) and N-Ti0,/ZnO (b) composite nanotube arrays
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B KA BE S (R ES 7 58 B R 3.24 eV, i 5 BRIEAX
FRF A<383.1 nm 9 8 MRS, 1 X F A <383.1
nm ARE 5>, BWEIN T OEAR B T 04 B, BLA A
Al P T 6 B T TR [ - A S ok b
SN AR, NS T N-TiO/ZnO & A 90KE
B 51) () YA AL 5 PR v . B, ANk A 3 T i
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Fig.7 c-t curves of photocatalytic degradation of
4-chlorophenol with Ti0,/ZnO (a) and N-Ti0,/ZnO (b)
composite nanotube arrays
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1(2.3%) 5 T N-TiOy/ZnO ¥4 (1.8%). £ HY
ZnO TE TiOy/ZnO F KL B S RED, A
T o X S R A R 5O AE S X E A ] L
TCAHEATE VEREAK. 534k, R Z 1 ZnO K80/
TiO, 4N KA 5 X IR T A O, 43T 142 fi 1 £, FH.
i 1 -V 3 T e A 3 T 19 A AR AR T B, AR
[ - A 1A AR AR i S By A A T, (5 S b T 1 R
fi%.

3 & i

L ZnO G4 KA WE 5 A, R FH I e - TR g 1,
il % H TiOy/ZnO Fl N-TiOy/ZnO & & W K45 W3]
TEN-TIO/ZnO -G AKE S, B AR N B 1+
ZLLL N-O, .N-C.N-N ¥ # 1t J& =X 4 1k 27 W BT 72
TiO, 44 KAT F1H, FEM A L 0.28 eV BT il N &
TR ASRE, 77 A R AAREHR R T4 1 1] 1ok
BRAT; A /DB N BT ABUR 4B 20 7 205 4
TiO, H f#E O, N B A9 N 2p FliEA% O 1Y O 2p #it
EIE RS ol 0 B AR 78 N4 98 1 90K
F4570) S Ao W ST TR, 338 o 1 IR SR R AR 2
B, $em T AURERES LS .
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