%39 B oW
2010 4F 9 H

P/ R S
ACTA PHOTONICA SINICA

Vol. 39 No. 9
September 2010

XEHES.1004-4213(2010)09-1547-6

9Kk A ALER Il A M B’ B4R kOGS

B AR ET L ER RER R S EEY, S
(1 PHILKR % a YHE R b AL T3 BE . PG4 710069)
(2 PE N RAIE 68242 3B, FEH A 751601
(3 MfERIEFBE 2 F . I 430010)

i E.ARBRWTEATIEY. R ER-BIEHET O RRARS Ed’’ #4&8 TiO, 4k &.
AR 424 8 5L (SEMD) (EDS g3 L BRI R AR AT T RAE. AT T R
KBEMEES BFHRERIBENTHEZF L ARRG T 0, FTE LR EST TR
i EREN AL EC BE TIO, AR BHHER. B LB HEKXYE 30~80 nm; A EDS 4t i& 4
AR Ti:0 BF AR HF R 2N FTF TIO, #H 2 1.2, %2 B A £ TiO, ¥ 8 & 82 Ti-O-Ti
BUECT BFRTHRERT TI'" B F. A XHRTAZE, LAH L Eu’ & FikA TiO, &
PR EAAEL 614 nmCD,—>"F A K k&%, BAE 593 nmCD,—>"F) & BT & T #is
BT Z ST R & Eu'T s TIO, AR dh a5 R KB E AN LB ERR KA LS 6 iR E

LRE.

KEIR  20 KM 25 G ER-BRIRE A e 8 A

hESHES.0484. 4
0 3|57

gk TiO, BA L B Y2 fifb 2= faoe v 78
LA L e Ak I I 2% S T A R 4 D T A U L 1Y
N FAHT R B B AR AL A AL R
196 B A DR AR A AL A TR 2
FHAE A Fh R 2808 6 TR BB B ) B A
TR, R sol-gel 35 & M + 8 115 24
TiO, 99K &Sk 1] LLE A TIiO, FH + 8 7 4%
B R PR a0 8 I T . R O o R Al e A
PERE . M LA RO 2 B ARG 3B 4438 4. sol-gel
HEA S EBEE GRSRA RER B TR 53
Z S5 0 A T ) A M RE D T B A B A B
Pushpal Ghosh™ #1 Q. G. Zeng®™ 43 5l %l % 7T
Eu' /TiO, 9K #E £5Hh Eu’' 85§78 TiO, FEJ5i
TR M RE R A H R PEAN T ) T2 .
AR sol-gel 4l £ 19 Eu® 8 2% TiO, 41k
il s REBFIE T R S A R L X K d ROk
R I E T NS S e irae U

MERFRIRED . A

"E R B RA R4 (20876125) F 5 A K F AT R A A F &K
F B (08YSY02.,09YJC27) ¥ 8

fTel.029- 8830367 Email: hxy3275@nwu. edu. cn
WA B .2010-01-07 452 B #1:2010-03- 29

doi. 10. 3788/gzxb20103909. 1547

1 RISy

1.1 #HRNHEE

55— B0 BC J7 B 0 EE IR LG R KR DU T R ¢+ S
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ot )i R A 5 e R R L O i RIS S BRI LR A3
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o7 JE Al 5 AT 1 JBOA 4% 5 s g 45 i 7 A )L R DA
LERTRBC T dil A3 B A AN R MR #5 + Eu® ¢ TiO, 1)
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1.2 #Hmillist

KM Quanta 400FEG #37 % 5 ¥ 5% 9 4 H1 1
I k%% (Scanning Electron Microscope, SEM) X #F
i RO R LS HEAT T R AL EDS BE i X R M A UG H
T AT T A0 s AR ROk N R 5 T F-7000
B LT CH AR H AL A d D W&, LA 150 W
AT 6 R, H R K R R B UK B A T
220~800 nm, J Ji i ] by 0. 002 s.
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2.1.1 SEM 5 #f

Pl 1 Ca) 24 55 — B IC 7 1% Eu’" BE R 0 80k
0.5% ) Eu’" : TiO, 44k § 3B %k 700 CHf SEM
B CGeR 80 000 i, EEBIR R 1 pm) s WE AT DL
ERUE RSN RTAIDIZIE 3216 SR SRR TR X iR
B 1) g5 T #e5 R c 77 (12 20 = 1+ D15
Eu’ " BEJRAM B0 0.5% 1 Ev®' = TiO, 44k fhiB k
700 C B iy SEM [ (it K 80 000 £, L il R K
1 pm) , NEH AT DU A i 0 J0RE B2 4 R0, A
BRI RIG . BRSO LR al . (b E
FE b B OGR B KT () ERE & 658 B L X AR W] B &
Bk (b)) B i UKL 34 27 5 SR 5 /0, T Ca) [T v RS,
P3R4 ™ o JOURE [T SRR AT fig 2 BB R AE i & Eu®
TiO, gk & i BT RS [F] S B0y 28 — Fh ic gy
L EREAETY BEE I 1) 3 B R A AT AR AR L o T
LI TSR L T K 2 R T A AR 41 1 SR A 2K

(a)The SEM photograph of formula one
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A e N - e T

(b)The SEM photograph of formula two(1:20:1:1)

B 1 700 CiRKAE EC : TiO, kB KA E
(SEM) H
Fig.1 The SEM photograph of Eu*" : TiO, nano-powder
annealed at 700 C

2.1.2 EDS #3& 5#7

Bl 2Ca) 5 T 58— BL 7 #1453 Eo®" 2 TiO, 44
KimiB ok 700 C By EDS fg 1%, 7 TiO, &k 451
o OB 2 A AR Z5 4 B T B — A A
HARR O EF R A Ti' JHEA 6 4 07 &
T IE M TiO; NHHA. N EDS BEi5 ] LUE 3 ) 8L
1 Eu B4R AR, X U AR FC ] TiO, 78 i i 72 v
MRS T+ Eu’' B4 WA 2 a) ] LA
Fif Tis O RPN A & Hefb 241t i TiO, il
B L 2,3 R TE TiO, HE S & Ti-O-Ti i,
Eu’" BFHRURT Ti'" &, T RBIE B T 045 0 i
F L 2 (b)) S R il A3 Ed’T o TiO,
gk B ok 700 CHFEy EDS fEfE . M (a) . (b)) BE
HR] LA ] EDS B 3R AE 0 R SO ) S i o0 R A
SPA R, B 7 P - EotT B PR A R ORTE
XETEIE K TiO, & A i JEOREAS [ S 5 T8 B 1 ) 4%
ANFEBOW. Bl ) il & D R OTE X & i
TR ZE A B R K B PR T R IA B2
BRPERETIC k.

Quality ~Atomic
lement “rcent | percent

CK 0.16 0.36
OK 37.22 64.00
TiK 61.82 35.50
EuL 0.80 0.14
Total ~ 100.0

KeV
(a) The EDS photograph of formula one

Quality ~Atomic
lement Sreeni percent

OK 2994  56.73
TiK = 67.56 42.77
EuL  2.50 0.50

Total 100.00

1 2 3 4 5 6 7 8 9 10
KeV
(b) The EDS photograph of formula two(1:20:1:1)

2 700 CRKAEHE EC + TIO, 45 KB K
# EDS K %
Fig. 2 The EDS photograph of Eu’" : Ti0O, nano-powder
annealed at 700 C
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2.2.1 Eu#% TiO, 44k & & 4Rt a
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k500 C,600 C.700 C.800 CJGIfHIE2h, AT
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ARAF WO WA N R I I A AR A 1 56 R L RERE i HE AT
SR ARSI S s A 3(a).

1 Bl 3Ca) AT AR S TE 614 nm kLB B KO Br
XoT 07 B4 U8 % K4 IR 530,464 ,416,395 nm, H Y
WOR P Ao =464 nm B GOKEHTE 614 nm K IHEHEK
5. Eu’ BT 395 nm bR R R R 16
AP 464 nm Ab i FRAE R % B X R R
395 nm Ab i FEAE K W RIAT A F R AT N S B H A S
Rl T4 a5 . N A 464 nm FRAE WK K RN
FRGF A A K ,530.464 416,395 nm 43
XF R R ECT B FEER F DV FS D, T FC Dy
"F° L I BRE. Aoy = 464 nm¥ 1B k700 CHIES " ¢
TiO, 9K G AT R A R G E 3(b).
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(b) The emission spectrum

B3 Ok 700 C Eu’" : TiO, 41k K oy b
Fig. 3 The spectrum of TiO, : Eu*" nanopowder
annealed at 700 C

& 3(b)a[ %0 700 CiB k5 ke AE 614 nm
AR LT K 8 B d 5 HL R T B P KO L X
P TiO, B4+ Eu’" B FIg kA RA R
Pk 78 614 nm Ak % 50 2 i TREH D, —~'F,
(A BRAT  J& T L AR BRAE T 5 76 593 nm &b 1) & Gt 1%
EHBEH D, —~'F, BRAT, B T 0 % BRAE. A O g
FEAE 614 nm AL, H A5 90K b & 5 DL H (AR
BRIE R, B’ B FAE SR F 8 T AR ARG
AR B R B T A A A O B A

I 590,650 F1 700 nm 44 K AL, 43 B X} R°D, —>'F,
(J =0~ RE I ERIT.
2.2.2 Eu#s&ER SRR 4K & LS K #E
3% E W R

PEEC T 1 4+ 4 2 il B2 1+ Ed’ I EE/R
SRR 0.3%.,0.5%.,0.8% 1%, Fl 464 nm I
KRRk 700 Ciy Eo®' = TiO, 40K & 14T
WO AFASR EE IR 43 B0y Eu’ 8 4% TiO, K6
e 4.
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Fig. 4 The PL spectra of TiO, nanopowder doped with

different molar fraction of Eu*" annealed at 700 C

Ay W] 2600 BEJR A8k 0.5 % 1 Eu ¢ TiO, 4
KEBTE 614 nm &b /A X & Gk B B K, B 5 R L
Eu’" B B R 43 008 I 21 0% k5 0 B S R s

TiO, AR JE /R S50 5 A T8 B & Ti-O-
Ti g, Ti'" B 7242 (0. 064 nm) /N T Ed*" 242
(0. 095 nm) . 7EJE B d MR 1 i B v B’ B E A
TiO, FERBUR T H#20 T JE R T Ti-O-Eu f#,
SET MUK, EWT s TIO, K KR 45
& T AR Y B’ B 7E 614 nm Ab 4006 &
SHZ2H TG D, —~'F, MERIE . Eu’" B T PR 2R
RIGAFAEAE BRIT 85 1 B UK RN R S 0635 Bo Ay — &8
STMEE UL Ed’ T B 2 R AEAE A BE i AR .
M EQ BT EEIR BN B T S E T Z A
AEXT AT A% 36 19 Rl 1 45 20 T DA R G A X 85 55 Y
Eu’™ B 7 1 B2 IR 43 B0 in o 88 - 22 [ 8 AH % 5
T o A 32 B RGN L T LA R S 0 S R B e Y
B IR R A B Ak S 3G e Eu’ B 1 B B —
A BN, BT RE 2 R 1A% 3 AR G L 5 B i
TR TR A 0 S AR AR SR R A
W Eu® B 1 k6. Eu’ B F B R 43
Bl 0. 3% B, X B Eu’ B 22 E] A B A X 8
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2.2.3 RFBKIEEE G HIERE G
¥ 1220 1+ 1 BEOy I AAE R B ol 75 B8 JR 43 Kk

0.5% % Eu’ W49 K8 K, 43 il i k 500 C.
600 C.700 C.800 CIHLEIR 2 h, HIF KN 464 nm
FOEHEAT A A5 0K i A B E TR AE 614 nm AR 1Y
J I AR 5iR R Bl IR R BE (9 5% AR AN 1AL 5.
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Fig. 5 The relative emission intensity at 614 nm of the

samples annealed at different temperature

P[] 5 ATH1: 614 nm Kb &G REIR KO BE S T
15 JE B 72 700 C B kR ik B B K. X AT RE Kl
Bt I B ) TR K A N TR 7R L 48 500 CiR KR
FE AR AT BB I8 5 A &8 43 1 7K 73 80 & B AE B 3ot
FER-OH f7 16 4 R gl AR KRR BE B3 1 FF i 7
614 nm Ak A, Bl 1B R EE 0 T . SR Y
P2 o T 4 5 RN I AN W AT T 2D i LR X iR
JE B R 1 T TR L SR KGR EE R #) 700 C
BF 40 K i P T B A 2 R B R T A L 3 B R A
T4k i HLAS A 52 AE S Eo® B T RGBT B
FERY. Bl A5 1B JOR B T 2 800 C I 44K df &k Ot
5ER B R AR AT 32 TR A A K it 1) i A BB K A
KABGF AL Fy A 40 A7 AH o HL RS WS40 AR FR /)N o DA T
ST HRAAN Eu’ B RSB0 T Be
Dy —>"F, BRIE i 7 AR 9 O BE I FEAG, H 2 G T
FETE Af 48 45 /N o 32 3500 A W 72 L 5% ) G R A 1Y R
%:15].
2.2.4 BEAARDL LML R E G R

FRFRC ) 1:10:1:1,1:20:1:1FH1:
26.5 1+ 13424 B IR B0 0.5 % 1 A 12 4 1l 15
Eu’" . TiO, By 44K &, 433 k 500 C,600 C,
700 ‘C.800 CA#IR 2 ho UK K 464 nm 564 #E
an HEAT IR BT AR B 9K R S OGS AR JE e AR

614 nm Ak 1) e Sl AR T 53k 5 BE AR KR 1Y) 22 AL AR
Prekla i 6.
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Fig. 6 The influence of annealing temperature on the PL.
intensity of Nano-TiO, : 0. 5% Eu’" prepared

at different formulas

B E AT 8 4% Eo® B8 1 19 BE 7K 43 B0 ] L Tid
Jr1e20: 1 14398 K25 700 CiR k5 1E
614 nm AbAH X A OG5 B K T HE PR 075 B
1210 1 19K L 600 CilR K LG i
KBl 1:26.5: 1 140Kk54 800 Cik kJ5H
X KGR B A K.

AL =R AT DA AL R — AR SRR
A 2 CWERY R L B JOREF] 800 C kOt
R AT, Y 2B B0 IR R AF] 600 C R
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BRIR T TR 14 7K A 2 32 IR R DR & T AR B 3 A X
BRIR T TG kS 30 43 B VR T 3G A 3k & SO 43
() P 488 L 238 R AT o o 07 3 D . 0 T AN LA ) 7K
il S+ 325 i M TR I A SO 5 B DA B £ T i 1Y) 3
T B AR 3 A, ISR S RE R 2 AR R
TR A JEE IR A3 BB 5 i LA B R ok AR OB B K
B2 T TG 7K A 1) B A AR X 422 fk o 52 16 BUE 1Y) 7T R M
— 2PN DRI SR B I R R S AR I B[]
o, 0 F AR e B T I TR 1 A5 1 BT
TiO, 9K S P 48 245 18, 2 SR & BB I, 3X
AR R T IR 19 PR O 43 B K Sl R AR, R B AT 1Y
JEE OR 43 B 8 T LS e 1 Bk T 5 2 T2 B ) O 286 A
X RS X B Eu® B 1 B IR 3 BOM A L Bl
G T LA ) B KA R E A 12 K S0 5 TR AL
S 3K B A o A 1 R S I B O 1) I 4% o R B
.25 Sl — 2B, SO 43 ) Rl 4 1 L3
/N S SN TS AN TR IR TE 1 B Eu’ B
T BE IR AT B X FEAG. Eu® B 34 TiO, g4k &
Y TG TE I 5K 1 56 78 L KRB AW 18 F I g oK
mn 2Rk 550 CIEMIhH B4k (B 4% Ev’" BT
AR ok 650 CHHI AT E L Bk 700 CIE Y
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Al R R B4y R BT BT A AR G 1 &
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AN RS Eu’t B 1 R R Sy B s k2B g L A )
e FEVOC RS WK Frh 600 C i gl th 3 &
SR R . Fie 12 26.5 ¢ 1 1 [Tl 95
¢ Eu’" + TiO, 9K B T RN Z LR
W0 2% LU AR i L AR A K a0 8 0k — 7 1Y) IR B Al
A AR BN L JR B Eu’ B B R 43 H08 n . BT L
TEIR K 700 CLLEARE ARG AT
2.2.5 RF) BT AT LR K dh R G R 6 ¥ a
Fe DU L Ty Ca) ~ C D il 5 B 5 o BN ) 1 B8 JK
Fear il s (O SRR DU T Mg = S NBE = SR = K=
Tedsd:2;(WDERKERMTHE ¢ SBE K Z O
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TOEEME=120 1 I; (DRI T Fg + L1 ¢
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Fig. 7 The influence of different formulas on the emission

spectra of sample Eu'™ * TiO,

M AT DL BIAS [ 19 BE 5 DA R DR A T
YK S R SECTELE 614 nm &b B 216 & 5T 4 AR Xt
9 BE AN [, 3X 02 A O 7R SR AN 8] Y Rk 7 i A%
Eu’" = TiO, 442K fi (1 5 F2 v, TiO. ¥ -8 P B
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Preparation and Luminescence Properties of Eu’" Doped TiO, Nano-powder

LIU Guo-jing'"?, HU Xiao-yun', PAN Jing", ZHANG De-kai'",
YE Yan-xi'", YAN Zhi-yun'*, FAN Jun', LI Fei®
(1 a. Physics Department ; b. School of Chemical Engineering s Northwest University s Xi'an 710069 ,China)
(2 Chinese People’s Liberation Army 68242, Wu zhong » Ningxia 751601,China)
(3 The Second Department , Communication Command Academy of PLA, Wuhan 430010, China)

Abstract: Four different formulas of the Eu®" doped TiO, nano-crystals are prepared by the sol-gel method,
using tetrabutyl titanate as the precursor. The morphology, composition and properties of the luminous
samples are characterized by the SEM, EDS and PL spectra. And also the effects and mechanism of
annealing temperature, mole fraction of the Eu’" ions doped and the quantity of ethanol on the luminous
intensity are analyzed respectively. The results show that the samples are homogeneusly doping, and the
particle size is about 30~80 nm. The EDS spectra show that the Ti : O atomic ratio is not based on the
number of stoichiometric TiO, to meet the ratio 1 ¢ 2, for the formation of Ti-O-Ti bond in TiO,., Eu® ' is
likely to replace the Ti'", at the same time the oxygen vacancies is formed, which indicates that the rare
earth of Eu’" entered into TiO, lattices. The PL spectra of nano-crystal TiO, : Eu*" show the strongest red
emission intensity at 614 nm(°D,—’F,), simultaneously, the sample emission peak at 593 nm(C°D,—"F,),
which is classified to the magnetic dipole transition. In addition, annealing temperature and the quantity of
ethanol have important effects on the emission intensity.

Key words: Nanocrystalline; Rare earthdoped; Sol-gel technology; Energy transfer; Lattice

LIU Guo-jing was born in 1982. Now he is a M. S. degree candidate at Physic Department

of Northwest University, and his major research interests focus on luminescent materials.

HU Xiao-yun was born in 1959. She received her Ph. D. degree from Northwest University
in 2005. Now she is a professor at Department of Physics of Northwest University, and her

research interests focus on rare earth luminescent materials and photocatalytic materials.






