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A E:ARMBERAEHET LB 60 ~80 nm, B B 25 5% 20 ~30 nm # KA A4 Ti0, AKRE 5], 4
B A AR TEXRLAZNTIO, AXFHAFT NBZ. A ALH LT ZEH(SEM) X K474 (XRD)
¥ A (Raman) R X HE A& FHF(XPS) A G EBA AL SEMLEXEF, EHNEHINE
A THI A A4 K. XRD # Raman X X 4%, 2t g L4 £ NH, LR ¥ 500 Cik X 30
min AEFRAAMKS 520 C AV AAH TIO,, A NSHIIARLET TIO, A FAKE T HELK
FHALUEROHENBEHZE XPS P HAT L4442 TF399.7 eV & N Is i, ik R AT TiO, 8
MM NERRT, ERbAFEATO, MAF T EAT HAH Nk

%@ TiO, # K4 ; &5 % ;XRD;SEM ; Raman; XPS
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BEHAGEEAREELABKE $™E,
EEEEEREAEREFESRRBEPHELR
M AESIRTI ENER, K Tio, UKL
PHFRE CELEES RLERELY
J& BRI Y LU R M R A TR A
- E A:ob i M

R, TiO, M H TR R 3.2 eV, S WI R i
BR GBTFERESHRESEY W T LR
. BT 8#E TiO, MM LTEE, ¥ Xt TiO, ¥ 8§
BT EEEHUESEREBRRFOERSE,
BB TIO, KL EAERY . EIERETFB A,
mEt&B (S A B )Y, HESR
(Fe‘so’ Cr“, C03’, MOSt, Vs’)["”%ﬂﬁj‘_ﬁﬁ
(La**,Cée** ,Ef** P’ ,Gd** ,Nd** ,Sm’* Lol a
A H/N TiO, MBS # R, R Tio, ¥ PR
oA B 4, WA T 4R 6 4 A 3R X4 AT R B W L. 4R
Wi, FERBELSH TIO, BHM SR E
F EERARKAGIBRT T WM&
RBREREMO ABEERNER, SRBRE
AR AP ML B AT R FEE 2L
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AMEBRIESRETE (B N FOO M) B
TiO, A& PRI B EE T, BEF B/ TiO, #
B, HI 8 A e AL R RSB R R, BR
BIFRa] Mot ML o N 2 AR
TiO, MM ML, R EBRRTFHESI B W
BN, B A BIFR T b E

EH UM R K, HF/NH,F 2530 K i i
WL AR AR, kA AR ERER & TIO, A
XE BEEREKFRBEHE N, KATER
X, H & NBETO, IkEES,IHEDL SEM,
XRD,Raman #1 XPS ZEH A N BREEHNEH
59k

1 TRHH

L1 Me5EH

Ti W) B Alfa — Aesa 22 H] , 45 /E } 99.95% ,
JEHE0.25 mm; BERR (H,PO,) E MM (HF) & &E
JK(NH, - H,0) ¥ 4045, W H E £ H L
ERAF AR ERPHEANEEFANERE
B, B &REKER XL &LETE.
1.2 NBZTi0, AXEHH&

HREWMEH T AR 3 em x1.5 em H/p
K ,7E1.0 wt% HF 71 0.5 wi% H,PO, A IR

¥eWH AR ERMEEE T H (50872125,50902125) ; M fi & H & T B AR H % 45 (2008A4430016) ; o = 1
+ 5% 2 BEBY U1 B (20090460857) R A E ML G X & RETE
X -EAK975 ), B, WEEHA EHREBIHE, 8L, NBRELF AR BR.
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AMAKBH B 2 min HTLERETAAE,
BeEREBFRERE,IFUN, &T. BJE UL
BEMT FENHR  EREBFH0.5% HF
#0.45% NH, - H,0 Bk F,F 25 THhm
BE20 VEAGHTHEEAS mn HIEREFE
THEAC AR, PR E LS RS oL B B
L UKEXBFAm%, AN, KKTEEHRM
H190 CT. W RBABSFEREKERDRIE
30 min J5F 60 CHAFH T, AR/ NH, IR T
500 °C 3Bk 30 min # % N BRM AN XKE.
1.3 S SHgERIE
X- &g (XRD) WHAHRAHRL
PHLIPS PW3040/60 % X - §F & i 5%, Cu Ko 5t
X, ABREH, TIEBE40 KV, AMBEE 20 ~
80°; Raman ¢ i M} 3% A % B Renishaw - 2000 B
BECGEIT, AR Ar BOER BAREK
514 nm,H1 % 60 mW ;£ JSM - 6700F B4
EMEGEREROE SR X B FERIE(XPS) &
* fE R FIBEE Krato AXIS Ultra DLD BE3S{Y , &
£, 2S4S X $P48 U5 (Al Ka, hv =1 486.6 V),
75 W (TAERE 15 KV, 5B %S mA) , 3
PLC1si5(284.8 eV)EHR, HIEAHK 0.1 eV.

2 ERSMEWR

2.1 SEM &#f

B 1 ARIEBEM N B2H &40 AR E
ARER 2 0, K5 M NH, S&H +F 500 CiB X 30 min
- & RBAMNBRERNEAYAELS
FFHEPI R BR 5 4 , B2 7E 60 ~ 80 nm , HBEE 4
20 nm, 5B KA BATHHRERIXZABER R
BT R EMTE B B A PR UK R GSH.
2.2 XRD 4#f

H2(a) B THEBRER FBEBRERER
B AHEME XRD B, KB KH S XRD £ R
PR &R T WA, RWERE Tio, &
TiO, AT 5 % , B/ AR AL B8 TiO, #i k&
HEERE. HHE 0, KAM NH, KK+ 500
CiB kA4b# 30 min /7,7 XRD EiEFRER Ti
B35 AT T i 2 Sh , 7E 24. 61°F01 26. 92° X 43 B i 31
TR FHLEKE 48 TiO, B9 (101) St e & 41 A
#ITiO, #(110) fii 41, B R EEFEE Ti0, g4k
BHEZBAFGTEETREKTHNSOAH
BEAE. 5 0, KGR KB &KRBRE TO, H
KREHW, ZRBASE R RTEG S M (101)
ME AL A (110) & T & 17 57 e 60 R % 4 8

BB B (110) & EA A% B EH B
Wi, 3FH FWHM (1 0.37 B/NE0.33, 1A 2
(b) BF7R. X f XRD 777 5T 6 40 % 38 i 55 ) S 9 25
o AT RBAMERSEBARERTHEKT M
560 FHARLAMBRRTHER BER
BHRPSOAFHEFGRASBRERHAEHET
FBEBE, BRERARTHEIALET 500
CTF TiO, M& A AMEKEE. Batzill A @ 13
FRHREE S MBS 26 Tio, B FEREIRIE
B, B S TIO, kA MR & 4G HIRE R
ZHFRE, X 5RINTWELTLS—H.

(b)N 24 TiO, 99K 5] 6 SEM B

BM1 R TiO, 5 NBF TiO, Ak E SEM RA
Fig. 1 The SEM images of undoped and

nitrogen-doped titania nanotubes
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Fig. 2 The XRD patterns of nitrogen-doped,

undoped and as-anodized TiO, nanotubes

2.3 Raman 947

A 3(a)l ERE TiO, gk B R S AW &k
W RBAESPRAENEIRSHHAES, XS
B 7E XRD EiE P # A S A EE RS TiO,
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I —3. 2500 CRBAKEHGHERRKT
M5O AL SRR £ RB A
SL0 S SR R, i T 143, 196,395,514 1 637
om ™' Kb B 0 B 0 53 B H BLAK T AR TiO, & E,V
E,“ B,\A,/B, MEP RN (EE3 5
BLE, " (A), E,” (A).B,,(A).A, /B, (A)
E,(A)%R), MM T 442 cm ™' 955 0l 2 68 1)
HELFEANE, RAE(EFLLE,(R)ER),
BRIEB RS TK T0, EEUSKET HEE.
B 3(b) B EB A & Raman K MBI ERRY
PAMR, TUEHEAB LSRR L RE RN
AZINFE235 em ' H610 em T HI T HARE
FE&AHH TIO, MBS, P F 235 em ™' B9
HEHHARERBERIER, — AN S W
SHHFHEFRMAE L TAT 610 em ™ iyl
SN N BB SAFM TIO, 8 A, #]R3h
#,ZEE 3 LA, (R) FR; FIBHGLF 442 em ™
B E (R) a8 KRB0 5 9 BI03R. Ed vt
N B A K S 26 320 ~ 750 em ™' ¥ Bl AF T
UBRREZMMENERI T, THRERESRE
RHECHTREAEH. LiRan &bty
B NBSIARSET 500 TF TiO, 44kG h4
Ry Mg AMNHEDY, SR XRD KiEitie
R
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Fig. 3 The Raman spectra of the nitrogen-doped,

undoped and as-anodized TiO, nanotubes

2.4 XPS &7

B 4(a)RRIBE TiO, gIKEH XPS i,
EafLiMERMHREH Ti,0,Nf CAHAR,
Hop CAHIBESEIIA KRG Y. Ti2p Ko Fik
B AEES 91K 465.5 1 459.6 V,01s &S
B4 530.8 eV, 5 Chen H AF HE RESREH & N
B TIO, Iy XPS ERME" ,BE5kBRES
HMUEHREEHBES. T 9 N L TiO, B/F

LG ¥R, 2 E R A CasaXPS Xt N1s W4T
Syusila , @ 4(b) FiR. AT Nis i i &6k
4y B0 F 400.7 eV ,401.9 eV #1399.7 eV £ RY=
AU . 9,400, 7 1 401.9 eV &b iy E &
EARBASEHE NWRBELSHAES
B9 TIN £ #, T 399. 7 eV &b # i ) B #2A
TiO, B #% P EIBR N ZFRF!' . Bk, jmiBg N
JEF XPS ig iyt B, B/R7E NH, S4(TF 500 Cig
kG N BEFRBBHEAT TiO, B, LH
T TiO, AREM N B4

x10*
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B4 |MP%ETIO, MAFESN X B FHEW
Fig. 4 The XPS spectra of nitrogen-doped

titania nanotubes
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ZERHRELEHEN TO, AXKEHE
NH, SATEAH#TNTEB L, HH SEM,
XRD,Raman } XPS X H# 7T RIE. G R E X
BAZRTEBIMETEEFABL SR TO0, 41X
B, ERMEIEAFHTO,, HEABRXET
B AR 500 CTF Ti0, M HNEOR
HAHER. T0, WK EEFIPEBREFHEE
ERAELMRE,FHEMT T, FAMNER
FHhAMGHFHL TN ZWSEABART.
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Preparation and Characterization of Nitrogen - doped Titania Nanotube Arrays

DONG Lin'?, WANG Yu', ZHANG Guang - tao’, JIA Xiao - lin', GUAN Shao - kang'

(1. School of Materials Science & Engineering, Zhengzhou University, Zhéngzhou 450001, China; 2. Ancai Hi - Tech Co.
Lid. , Anyang 455000, China)

Abstract: Highly ordered nanotubes with diameter of 60 ~ 80 nm, wall thickness of 20 ~ 30 nm were obtained
by anodic oxidizing method. Nitrogen — doping was carried out by annealing of the anodized titania nanotubes
under ammonia atmosphere. The meorphologies, crystal structure and composition of both doped and undoped
samples were characterized by Scanning Electronic Microscope (SEM), X - ray Diffraction (XRD), Raman
spectroscopy and X - ray Photoelectronic Spectroscopy ( XPS). The ordered structure of titania nanotubes
maintained after the nitrogen doping process as evidenced by SEM observations. XRD and Raman spectra a-
nalysis revealed that the resultant nanotube arrays obtained by annealing in ammonia at 500 C for 1h are com-
posed of anatase and rutile titania, and the incorporated nitrogen may have facilitated the phase transition of ti-
tania nanotube from anatase to rutile. The effective doping of nitrogen into titania nanotubes was evidenced by
the occurrence of N1s peak of the nitrogen — doped titania nanotubes in XPS with a binding energy of 399.7
eV, which was attributed to the interstitial nitrogen dopant in the anatase lattice.

Key words: TiO, nanotube; nitrogen — doping; XRD; SEM; Raman; XPS



