21 4 Vol. 21 No.4
2000 12 CHINESE JOURNAL OF LUMINESCENCE Dec., 2000

i 145 2= B AN K RO GHRERL 28 A1 RO
kR, 7R

( 230026)
- Y,Si0s: Eu Ln203 Eu(Ln= Y, Gd)
X1 Y2Si0s Eu )
: ; 5 Y,S105 Eu; Y,050 Eu
: 0482.31 i A : 10006 7032( 2000) 04 03 14 06

Y>SiOs: RE  Y2SiOs

1 3l B . X, X, el
1994  R. N. Bharguna X~ Y,SiOs
ZnS:Mn ’ X1-Y2Si0s, X1
189% "2 -
: X1 Y,Si0s Eu ,
[3~6]
’ [14]
: oevp 1Y Y205 EwOs :
(91 0] RINER Y/ Si ’
i [13] , ,
, XRD, TEM EXAFS AFM ,
(atomic force microscepy) , X (XRD) TEM ,
80T ;
; 900°C X Y2SiOs , XRD
, Eu Y2Si0s5 ,
L1a. 131 50nm, , 900 ~
1100 'C , 2~ 3h, ,
7 ’ Pm ,  EXAFS
X Y2Si0s. Eu Eu
X Y>2Si0s5
’ [17]
2 Y205Si02 A Y28i0s: Eu(Y2 « Eu:SiOs)
Y,05Si0; [14.15] ,
) 50nm x= 0.6,
: 2000 10-25
(19374050; 19674052) ; (96035807)

(1945- ),



s 315
x=0.2 , x=0.7 2
. 2( a) .
, 2
(x=0.6 ) 1 Ed* Do
2 (1), , 1 15K
Eu* °D 1
YV 04 Eu - Eu’ : 2 Eu”
Y»S107 Eu L18)
151 7 2 1
1000s~ ' Eu'* 2
1 1. 45, Eu’*
, 10} - 2. . _22 Y¥*-0~ 2
4 1 Y -0 ,
"~ Eu3+
5 1 15K  Xr Y2Si05 Eu, Dy
/\} Table 1 Lifetimes of the *Dg level of the two sites in Xr
Y,Si0s Eu, at 15K.
0 lifetime/ ms

0 0z 0.4 06 08
x

1 Eu 50nm
Y2SiOs Eu( b)

Fig. 1 Effects of Eu concentration on luminescence intensity

Eu (a) and norma

Y 2Si0s: Eu (a)

of nanocrystalline Y ,SiOs :
Y,SiOs. Eu( b) .

XrY,Si0s ,Y*

2

Ch. v
7 Eudt y 3+
) ) 1(7
) 2(9 )
[13, 19~ 21]
X-Y2Si0s Eu 4
( 2), (a) (b) 1
2 Eu’ ; (¢) Y203 Eu
, XRD Y203 )
Y203: Eu; (d)
Eu,
X1-Y2Si0s Eu
2 1 s
Eu™ 3 15K
2 ) )
x=0.1 2 ,  Eu*

X
site 1 site 2
0.01 3. 00 218
0.1 2. 94 1. 82
0.2 2. 90 1. 59
0.4 2. 80 1. 34
0.7 2. 80
20
3 10 ‘L—-“JJ — "“——'*‘——"—"—JJ““—
~
—
JJ; c
5F
0 JW\APL~A

—
660 680 700 720
A/nm

600 620 640

2 XrY:SiOs Ew.or 4

Fig. 2 Emission spectra of X Y2Si0s: Eug o1 obtained at

15K under excitation at (a) 579. 7nm, ( b)
577. 7om, (¢) 580. 9nm, (d) 578 Tnm.



316

4.
MUmJJ >
3
0.2
3
32
N
0.4
1
0.7
0
600 620 640 660 680 7100 720
A/nm
3 XrY2SiOs Eu 15K,
2

Fig. 3 Emission spectra of Xr Y2SiOs. Eu, with x= 0. 1,
0. 2,0.4 and O obtained at 15K by exciting site 2.
Y,0s5: Eu

2 2 B

Y203 Eu )

Y203 Eu
[8,9,10]

Y,05 Eu, Y205 Tb  Gd»05 Eu''h! Y505

. Eu , Y(NO3)3, Eu( NO3)3
(Gly) .
, , (Gly)
( ) G/N.
, , 5~ 200nm
Y1203 Eu ,
Y203 ’
Gd203 )
, 2 G/ N
Y203  Gd203
s Lny0s3: Eu

(3

21
2 G/N ,LnOs(Ln= Y, Gd)
Table 2 The particle size of LnyO3( Ln= Y, Gd) in different
G/N.
G/ N 0. 56 0.42 0.33
Partide | v,0, 70 40 8
size
(nm) Gd203 5 30 70
flame (e T | 1450420 | 1320%20 | 1000320
(1) (CT)
Y203: Eu CT 239nm
250nm; Gd>03: Eu 255nm
269nm ErO
Eu O Eu” ,
7 0 E&*
, A. Konrad Y (Cni
Hi902)3  Eu(CiHi902)3 ,CVD
Y203: Eu(10nm)
CT [8]
(2) ,80 40 10nm Y203
- Eu 1.39,1.28 1. 08ms,
(3) :
Y20s3: Eu 6%, Y03
Eu 12~ 14% Y,0;: Eu
, 70nm
Y203 Eu 80% ,
(4) 10nm
( 10nm
), , 622nm
( 4; , 10nm
Eu® Do
,  Snm
, T 1. 04ms 0. 35ms
) 3 )
10nm , /
,622nm
T= 0. 35ms
o
Y103 Eu
5 Snm Y203:



Eu Y,0s3: Eu R < 20nm
) , Y205 Eu, )
M. Jissue Fu’* [22]
14+
12f
:10' Enm
= 8f
6.
10nm
4.
2.
80nm
o-
560 580 600 620 640 660 B
A/nm 5 5mm Y,03
4

Fig. 5 Higlr resolution electron microscope of 5Snm Y,03 Eu.
Fig. 4 Emission spectra of samples with different diameter.

3 Y203 Eu
Table 3 Properties of Y203 Eu with different particle sizes.

Sample A B C D E
Particle size 3Um 80nm 40nm 10nm Snm
Surface to- volume ratio” <001 0. 07 0 14 0. 49 0. 78
CTS position 239nm 23%9nm 242 nm 243 nm 250nm
HWFM of peak 61 1nm(10K) 0. 8nm 0. 9nm 1. Inm 1. 3nm —
Lifetime of *Dj level( RT) 1. 7ms 1. 39ms 1. 28ms 1. 08ms 1. 04,0. 35ms
Quenching concentration(mol% ) ~ 6% 12~ 14% ~ 18%
* A surface layer of 1nm is supposed
[25]
3 temARRAH
4 A FrRg ey e A
s 20nm ,
YPO4 Pr Pr
(23],
ZnSi0s Mn Mn** :
R anJr R HE
7Zn2Si04. Mn
(2Hm) , Mn™" 5 ,
[24], 7ZnS. Mn
- 40~ 50nm LnBOs3: , s
Eu(Ln=Y, Gd)
[ 26,27]

LnBOs3: Eu



318 21

[ 1]

[2]

[3]

[ 4]

[5]

[6]

[ 7]

[ 9]

[10]

[11]

[12]

[13]
[ 14]

[15]

[ 16]
[17]

[18]

[19]

[20]

[21]

[22]

[ 23]

[24]

[25]

[ 26]

Bhargave R N, Gallagher D, Hong X, Nurmikko A. Optical properties of manganes doped nanocrystals of ZnS [J]. Phys.

Rev. Lett., 1994, 72: 416 419.

Bhargava R N, Gallagher D, Welker T . Doped nanocrystals of semiconductors— a new class of luminescent materials [ J].

J. Lumin., 1994,60& 61:275 280.

Sooklal K, Cullum B S, Angel S M, Murphy C J. Photophysical properties of ZnS nanoclusters with spatially localized
Mn?* [J]. J. Phys. Chem., 1996,100: 4551 4555.

Jungnickel V, Henneberger F. Luminescence related processes in semicoductor nanocrystals the strong confinement regime
[J1.J. Lumin., 1996,70:238 252.

Chamarro M A, Volitots V, Crousson R, et al. Optical properties of Mir doped CdS nanocrystals [ J]. J. Cryst. Grow th,

1996, 159: 853 856.

Yan X, Duan C,Ma Y, et al. Photoluminescence lifetime of nanocrystalline ZnS M n2* [J]. Phys. Rev.B, 1998, 58(20):

13585 13589.

Pei Yihui, Liu Xingren. Cathodoluminescence and photoluminescence of the superfine Y,03! Eu phosphor [ J]. Nanos-
truct. Mater., 1996,17( 1) :52 57.

Konarad A, Fries T, Gahn A, Kummer F. Chemical vapor synthesis and luminescence properties of nanocrystalline cubic
Y203 Eu [J]. J. Appl. Phys., 1999, 86(6): 3129-3133.

Igarashi T, lhara M, Kusunoki T, Chno K, Isobe T, Senna M. Relationship betw een optical properties and crystallinity of-
nanometer Y203 Eu phosphor [ J]. Appl. Phys. Leti. ,2000,76( 12): 1549 1551.

Eilers H, Tissue B M. Synthesis of nanophase Zn0O, Eu; O3 and ZrO; by gas- phase condensation with cw- CO; laser heating
[J]. Mater. Lett., 1995,24:261- 265.

Tao Y,Zhao G,Zhang W, Xia S. Combustion synthesis and photoluminescence of nanocrystalline Y203 Eu phosphors [J].

Mater . Res. Bull. , 1997, 32(5) : 501- 506.

Xie P,Zhang W, Yin M, Tao Y, Xia S. Preparation of nanocrystalline LnyO3 Eu(Ln= Gd, Y)by combustion synthesis and
photoluminescence [ J]. J. Inorg. Mater., 1998,13( 1) :53 58 (in Chinese).

Yin M, Zhang W, Xia S, Krupa J] C. Luminescence of nanometric scale Y,S5i05 Eu [J]. J. Lumin., 1996, 68: 335 339.

Xie P, Duan C,Zhang W,Yin M, Lou L, Xia S. Research on quenching concentration of nanocrystalline Y>SiOs Eu [ J].

Chin. J. Lumin. ,1998,19(1) : 19 23.

Zhang W, Xie P, Duan C, Yan K, Yin M, Lou L, Xia S, Krupa J C. Preparation and size effect on concentration quenching
of nanocrystalline Y,SiOs Eu[J]. Chem. Phys. Lett. , 1998,292: 133 136.

Felsche, The crystal chemistry of the rare earth silicates [J]. J. Structure and Bonding, 1973,13:104 112.

Zhang W, Zhang W, Duan C, Xia S. T he study on the spectra of amorphous nanometer materials( Y, Eu) 205 SiO2[ J].

Chin. J. Lumin. , 1997, 18(1) : 15 22.

Zhang W ,Zhang W, Yan K, Lian R, Yin M, Xia S. Luminescent properties and concentration quenching of nanocrystalline
Y, (Si,07 EulJ]. Chin. J. Lumin., 1999,20(2): 97 101.

Yin M, Zhang W, Lou L, Xia S, Krupa J C. Spectroscopic properties of Eu** ions in Xr Y2Si0s at nanometric scale [ J].

Phys. B, 1998, 254: 141- 147.

Duan C, Xia S,Zhang W, Yin M, Krups J C. Theoretical study on complex f f transition simulation of luminescence spectra
of nanocrystalline Xr Y2Si0s5 Eu [J]. J. Alloys. Compd., 1998,275 277: 450 454.

Yin M, Duan C,Zhang W, Lou L, Xia S, Krupa ] C. Site select ively excited luminescence and energy transfer of Xr Y 2SiOs
> Eu at nanometric scale [ J]. J. Appl. Phys. ,1999,86( 7) : 3751- 3757.

Williams D, Yuan H, Tissue B M. Synthesis dependence of the luminescence spectra and dynamics of Eu’* @ Y03
nanocrystals [ J] . Lumin., 1999,(83 84) :297 300.

Lian R, Yin M, Zhang W, Huo S, Wu W, Xia S. Chemical preparation, structure analysis and spectrum characteristics of
YPO4 Prnanocrystal [ J] . Chin. J. Lumin., 1999,20(2): 102 105.

Xie P,Zhang W, Xia S. Preparation by sot gel process and photoluminescence of Zn>SiO4: Mn nanocrystalline thin films
[J]1. J. Chin, Uni. Sci. Tech., 1997, 27(4): 389 394( in Chinese) .

Sharma P K, Nass R, Schmidt H. Effect of solvent, host precursor, dopant concentration and crystalline size on t he fluores
cence properties of Eu( IIl) doped Yttria [J]. Opt. Mater., 1998, 10: 16+ 169.

Wakefield G, Keron H A, Dooson P J, Hutchison J L. Synthesis and properties of sub- 50nm europium oxide nanoparticles
[J1. J Colloid & Interf ace Sci. , 1999,215:179 182.



4 - 319

Preparation and Properties of Nanometric Scale Luminescent
Materials Doped by Rare Earth

ZHANG Werping, YIN Min
( Physics Department, University of Science and Technology of China, Hefe 230026 China)

Abstract: This paper summ arized the work in nanometric scale luminescent materials Y»SiOs: Eu and LnoO3
: Eu(Ln= Y, Gd) prepared by sok gel process and combustion synthesis respectively, including the excitation
spectra, emission spectra, lifetime, concentration quenching and the dependence of them on the grain size. It
is found that quenching concentration in nanocrystalline Y2SiOs: Eu and Ln203: Eu is higher than that in
normal materials. This is ascribed to the influence of a confinement effect on resonant energy transfer in
nanosized particles. These properties show that nanocrystalline luminescent materials has important potential
applications.

Site selectively excited luminescence and energy transfer of Xi-Y2SiOs: Eu at nanometric scale were
mentioned too. T here were four different luminescent centers in nanosized X r Y2SiOs: Eu. Two of them be-
long to Eu™ embedded in nanosized X;- Y2SiOs Eu, the other two attributed to trace of Y203: Eu and to a
particular site on the surface. A pronounced excitation energy transfer between the two sites of nanosized

X1 Y2SiOs: Eu was observed and discussed.

Key words: nanometric materials; luminescence of rare earth; Y,SiOs Eu; Y20s3! Eu
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