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ABSTRACT

Silica was widely used in the field of catalyzer carrier, medium materi-
al, and buffer layer for silicon-based photoelectronic materials due to its ex-
cellent chemical and thermal stabilities, as well as its good combination
with silicon. Many studies on the optical property of silica have shown that
there are many optic-active defect centers with excellent UV absorption and
luminescence in silica. It is significant and important to further study the
luminescence property and luminescence mechanism of silica-based materi-
als modified with various cation and anion dopants.

The nano-sized silica was synthesized by Sol-Gel method, and the lu-
minescence properties of silica samples heat-treated under different temper-
atures and in different ambients were examined. It was found that there is a
luminescence band at 344nm after being heat-treated under lower tempera-
ture. There are two luminescence bands with a long tail toward the direc-
tion of long wavelength in the silica sample heat-treated in H, ambient un-
der higher temperature. On the base of stable preparation of nano-sized sili-
ca, Cu’" and Ce’" cations were chemically doped into silica nano-particles,
and their optical absorption and luminescence properties were analyzed.
The intensity of luminescence band at 344nm changes with the concentra-
tion of doping ions. The luminescent intensity increases with increasing
concentration when the concentration of doping ions is low, but the intensi-
ty decreases and even disappears with large doping concentrations. Besides
the luminescence band at 344nm, the luminescence bands at 355nm and
445nm exist in the Ce*" ions doped silica nano-particles heat-treated under
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different temperatures. Those two luminescence bands originate from the
5d-4f transitions of Ce’" ions located in different micro-structures.

The activated 5d electron sits in the outer shell, and is much easier to
be influenced by ligand fields. The Ce’" ions doped silica samples were fur-
ther decorated with S* , CI~ and F~ anions by both chemical co-doping and
controlled ambient methods. The decoration of those anions obviously
changes clearly the wavelength and intensity of luminescence. Especially
the luminescence band of Ce*" doped silica decorated by Cl™ ion shifts from
445nm to 390nm and the intensity is 20 times greater than the original one.

This alteration of luminescent wavelength and intensity is reversible.

Key Words: nano-sized silica; photoluminescence; cation doping; ani-

on decoration

RO




R R AR B 55 06150+ i 0 98 5.8 555 580 i 5 il 6 i i i i m ot i i St

BAIBE ove e suruio o satn i i iy site St 608 08 ' 408 SORGHGIS S HTBSaEl i B 1500 5.5 ¥4 585

L1 OB b Y A Je i L

1.2.1 SiO, ##e4#

1.3 KRG R R

13,1 KRR S %

1.3.2, ZeHMAe R

1.3.3 a8 F# & &b H 46 % ks
L4 SiO, BROGTE I BB b0 K G 2F M
L4l FRAEEBE T

1.4.2 S\ A RGPS

L5, 1 #XAHRLE R & F& XL
1.5.2 ZEHMAASE

- (00D)

(00D

(001

- (00D
- (00D

- (001)

(002)

- (002)
1.2.2 5k SiO, BG ] «r- Sorivine s sowws » suisan 2 someh 5 oo 3 65000 5 §5i50m 1 v

(003)

- (004)
- (004)
- (007)
- (008)
- (010)
- (010)
- (013)

1.4.3 B FHLE5 SO, HHEG P S Hrh oo
1.5 AESCHFIE H Y FE L FIPHZE -oovvvvrreeeoemnnnrnneeeeeeiieeaeeae

017)
(019)

= (019)
- (019)




2.

- BMEUERRAMBRARANIERE

1
2.1

1

SK)zﬁﬂfﬁﬂ%fﬁ KB G B OO S S B E e S OO S R oo

AR

2.1.2 %A

2.2

.1

% % R

2.2.2 #&L

3:
3

3
3.
3
3

B

1

= W N

.5
.6
Aig

X 4t & A7 41 2 #7 (XRD) 947
HH B AL (TEM) 9 coeereeeeveennnnns

4r 91 B K 3 (TR) 4547

B O —T T B M T weevnneen oo eee e
KB K K (PL) 54

SCHIEFE (8 FH 14 3 AR A8 B 7

R

F3IFE HALEXHK SO, RFEMENTME

w W w w

w =~ w Do

002

.4

3. 4.

(o2 I |

515
EARS
S
1

2

g

A

PR 7 ok

EAT ALK SIO, K MR
H, R 50 #4232 K SiO, R Ak
P AR 4 of

INGE

A

(020)

(026)

- (026)
- (026)
- (027)
2 PBIEEREDIR SO, BT —EE T ] 2 T2 e vee e ereennnennns
- (030)
- (03D
HEAE SY, BIREBBEE +oonwe s vwmas sowron 5om ok ssens sos 153 ssins
- (033)
- (033)
X %%}'ﬁ,‘%%ﬁtig(XPS)h\*ﬁ D T S S
- (034)
- (034)
- (035)
- (035)
- (036)

(030)

(033

(033)

- (038)

- (038)
- (038)
SO BT B JEHERR wovvss rvonss svmnis vasivsassmesc sonins insnsa

(039
(043)

==+ (043)

- (044)
- (048)
- (050)



£4F Cd EFBHRHMK SO, HxFiEEE

4.1 5|5
LR MRS U5

=
=~ W DN

.31 ERPHAE CATEFH LMK SO,
P S XX
4.3.2 Ar AR PHRLE CET BFH LMK
Si0, # & 5 1 5k
4.3.3 H, AR P#HLALE C* BEFH LMk
SiO, #9 & B K ke
4.4 ARET/NGE

£5E C BFBRMK SO, HXFHEE

1 315
SCI0 4 R ‘37?12&
S 2
3.1 Ce" BFH LMK SO, 89 X &%

W F At
5.3.2 &R ¥ Ce' BT ARKA LKL LM
5.3.3 Ce'" B F# %k SiO, o9 Bk M4k
5.3.4 Ce&'" BF B2k SO, LB K K
5.4 AEE/NGE
B SR vor 0 s 6wiions 4550 & i 5 smniwne swans o smmins s srs

(2] (&3]

(@21

2
3
3,

Fo6E BETX Ce' #RMK SO, ZHRMEHHM

6.1 35
6.2 S ETFX Ce’t BAANK SiO, JEMEREI B IR

B X

- (05D)
- (053)

- (053)
- (054)
CuH %?@%m* Si()2 ﬁ'ﬁ%‘lﬁﬁﬁ

(054)

- (054)

- (057)

- (059)

- (060)
B AR TIEE  ieitive 55 i i R 148 SRRLSE B EASE pwinin mmsmm ssieses s s e 4 Sainid s saTes D

(061)

- (063)

- (063)
- (065)
- (065)

- (065)
- (066)
- (067)
- (069)
- (080)
- (081)

- (084)

- (084)
- (086)

™ 003



6.
%
g7

s

004

M CEERAMBRARANERR

L2.1 AR R & ROM A X
2.2 FBERBESH

6

6

3

6.3.1 A9 H) & & gk X

6.3.2 SKBLZREHH

4 F BTR Ce'm B2k SiO, K2 RE R i
6.4.1 4044 & 2 M gk m X

6
5

AT NG

ME AP EAEE wrsansors suuase saviows 555455 5 55ins 1 6ainna » wacan o masenn sainiawe ¥ e

T ST HA B BITESTREER o vveovre oo nneeeonemrneee it eeesnnene eeeans

R T,

- (086)
- (087)
Cl=85 T4 Ce' BARAIK SIO, HZEVERRII I oo eeenoes
-+ (095)
- (096)
- (103)
- (103)
42 F O Ce BFEBRMK SIO, RF MG s
- (110)

(095)

(103)

¢L11)

(113

(116)



L1 bR et ol

FEHE N FAL SRR B AR IS B8R o o LA AR A LK TR 16 4 o B it
AR R E B, 75 AR 3 AR TR, MRS
R VR 15 6 9 0 AR R R 10 = K SR, A AR L B8 e b B,
20 22 80 AFEARLAN , — 37 LA AR Sy v 10385 Bl A i 7 BR 36 b X AN H A
A5 [ YR I U8 S T % [ R DX 1 BT B R R A 2 B R A 1
FEEHREZ—

BB RHAE R R R O AR T A% Gl B SR 25 A I ) R B S
7 TR A E A TSR A ik [ AR R LR R AR R R A R
AW B A RE KRBTSR R S MR S R E R R R . R E IE
TE R BR % T S5 8 BT B R A ) R W T 8637 B R & R BRI I
TR R O T B B R LRI K 7 A AR U —, 4973 IR ik —
AR D E R ST E L X K % 3R R 2 B R 0 2B A R 2
A J L S 54 I B 2 iR B AR O S /R A

2ol W55 01, FEHR BT 5T R SR A AL B 2 B T KR
P — RAHT AR T B A2 E L o A S e i A T E B S5 kK F 1Y
1180 BIANTEAS B RE TS T 76 [ 200 S 0 B0 R R e 3h R L R
2 S A RE T 7l A R T S B B BT 2 W B Th A LED i R 6ak
HRIEF] 901m/ W, 4k F [H By Se K F s BB (9 Dy 8 (5 5% LED % 6k R it
30Im/ W, ik 2 [ bR S5t 7K F- o 7678 AR WRRF Rt O T, T I 7 5 M A 4 e 3t 4

AR

1001



