50 2 2001 2
1000-3290 2001 50 02 0341-06

ACTA PHYSICA SINICA

Vol. 50 No.2 February 2001
(©2001 Chin. Phys. Soc.

13 1 1 2 2
! 710062
2 710049
3 200433
2000
IAlz()3-17P2()5-
100Si0, x=0.25—3 . 400C  450C 300 700C
2 ALO;-2P,05-100Si10, x=0.25—2 . TEM
PACC 7865 7830
- - silicate-carboxy-
1 late 450—600 nm
13 xAle;—
xP,05-100S10,
1990  Canham ! O—C,Hs
1991  Meada 2
]:\/T
Si0,
3—8 2
v 2.1
SiO, TEOS Al
Hayashi ’ NO; 3 9H,0O
01 mol L Al NO3 3
2.2eV 563.6 nm .Ohno 2 mol L
An inert gas evaporation method
2.2
Ceo
514.5 nm Ar " 600 nm TEOS H,O
730 nm . a 2mol L 50ml 100 ml
SiO, o Green TEOS: H,O: G, HsOH=1:1:1

0.01 mol L 30min



342 50

2 mol L <3
0.01 mol L
1h +=0.5—3
6 cm?.
e ALO;-P0s-100SI0, @ = 35 ¢ xALOsxP,0:-1008i0, x = 0.25—2
0.25—2
3.2.1  400C  450C
2.3 13 IA1203—
02000 +P,05-100Si0, Al P
JEM-200CX 600T
JEOL ' +=0.25 0.5  2ALO;-2P,05-100Si0,
x=1
3
3.1 ALO;-P,05-Si0,
Si-0-C,H;
1‘A1203—IP205-
100Si0, « =0.25—10 . +>5 ,
x=5 4 . 1.
1 400C —450C

1 0.25AL05-0. 25P,05-100Si0, 400C  4h

2 0.5AL,05-0. 5P,05-100Si0, 400C 4h

3 1.5AL,05-1. 5P,05-100Si0, 400C 4h

4 2A1,05-2P,05-100Si0, 400C 4h

5 2AL03-2P,05-100Si0 450C  4h

6 2Al,053-2P,05-100Si0, 600C 10h

1
3.2.2
ALO;-P,05-Si0; 0.5AL0;-0.. 5P,05-100Si0,
d f
ALPS O Si-0-C,Hs . 2.
2

1 0.5A1,05-0. 5P,05-100Si0, 300C 4h

2 0.5AL,05-0. 5P,05-100Si0, 400C 4h

3 0.5AL,05-0. 5P,05-100Si0, 500C 4h

4 0.5AL,05-0. 5P,05-100Si0, 600C 4h

5 0.5AL05-0. 5P,05-100Si0, 700C  4h




2 343
3.3 C ALO;-P,05-SiO,
3.3.1 400C 450C 1 57
400C 450 17 —67

1 1.
600C 5%
334 nm

400C  450C 3.3.2
2
1% 57 2 3.
300C  500C
500C  700TC
‘x\ \,“ | \‘ \\

0.8 \'\ Vooh \S 2.0 -
e \\ |\ \ ,;l\l.‘\\,f3 1.6 <
§ 0.4 \ NN i 1.2 b

. » \\ ér__\, . N . N,

2 h &Q\ 0.8 J
a\‘\
09 %0 400 600 800 1000 4] T
Wk /nm 0.0, : : , E—
200 400 600 800 1000
K /nm
1 400TC  450C
a 67 b 5% ¢ 4T d 3% e 27 5 17 2
a 300C b 400C ¢ 500C
14 15
2.0 ‘ -
B2 1.8¢2 AN a
_ 1.6 .
Ex= Bt 5t = Ok L\_\ .
1.2 ~_. .

Eg E, % \\‘\\ b ™~
111 o8 Pl—
uomy my, e 0.41

€ 0.0+ T T T T
200 400 600 800 1000

R K /nm

R 3

a 500C b 600C ¢ 700C
1
1 5%
1# 4#
P Al 17 47
5# 4#
5# 4#

17 5%




344 50

4 16

4 | 200-300°C . . A

| ——— — 500-600C ————— —» 1800—2000C ———— — | m

| BRINFRML [ ARHE— 45 A =AM

A Hikl FETHAK LAk
| | | |
AR Yoy Yiauy
4
4 300—500C
Si-O-G,H
O-G2Hs 3.4
0.25A1,053-0.25P,05-100Si0,
600C 4h
ER 2 5 a b
5 a
500C 40 nm. 1—3
1—60 nm 5b
3 500 700TC 2 AL O;-
3 2P,05-100Si0, x=0.25—2
500 700C 16
(a)
200 nm
5 a b
0.25A1,03-0. 25P,05-100Si0, N, 600C 4h
6 b
Si-O-CH,-CH;
6 a . 3—4

0.34—0.38 nm



345

— — N
207 9 /?-‘1';\&\\\: \\\\\
/7 / ZZESNNNRNN
(8 RN
74 AR
oy //4////”/\\\\\ AR
f’{ A ‘“\( N
// { RNRUE TR
i u WA
\((\ WA iV
\\ (\ f\—//‘ i
‘ \ XY ] ] j } Jl/
\\ \\* \\ \ T
NI { il i
l(/ |l m W \\\\m\} MH) 14
At
(2)
®)
6 a b
2.
1.
3.
1—60 nm
L.T.Canham Appl.Phys. Lett. 57 1990 1046. 10 T.Ohno K. Matsuishi S. Onari J. Appl. Phys. 83 1998
Y. Maeda N. Tsukamoto Y. Yazawa et al. Appl. Phys. 4939.
Letr. 59 1991 3168. 11  L.S.Liao X.Y.Hou Progress in Natural Science 7 1997
X.M.Bao H.Z.Song Chinese Journal of Material Research 625 in Chinese 7 1997
11 1997 R601 in Chinese 625 .
11 1997 R601 . 12 W.H. Green K. P. Le ]J. Grey et al. Science 276 1997
M. Nogami Y.Abe Appl. Phys. Lett. 65 1994 2545. 1826.
W.S.Liu J.S.Chen M. A. Nicolet et al. Appl. Phys. Lett . 13 H.Q.Yang Y.Y.Lin M.Q.Wang L.Y.Zhang X. Yao Jour-
62 1993 3321. nal of Inorganic Material 15 2000 249 in Chinese
L.S.Liao X. M. Bao X. Q. Zheng et al. Appl. Phys. Lett . 15 2000
68 1996 850. 249 .
Z.H.He K.]J. Chen D.Feng Acta Phsica Sinica 46 1997 14 N.F.Borrelli D. W.Hall H.]J.Holland ez a/. J.Appl. Phys.
1153 in Chinese 46 61 1987 5399.
1997 1153 . 15  L.E.Brus J.Chem.Phys. 80 1984 440.
D.P.Savin S. A. Gevelyuk Ya.O. Roizin et al. Appl. Phys. 16 Z.H.Wang ].S. Gao Carbon Material East China University
Letz. 72 1998 3005. of Chemical Technology Press Shanghai 1991 12 p.27 264
S.Hayashi M. Kataoka K.Kamamoto Jpn.J.Appl. Phy. 32 in Chinese

1993 part2 1L274. 1991.12 p.27 264 .



346 50

SYNTHESIS AND QUANTUM SIZE EFFECT OF
CARBON NANOPARTICLES DOPED IN GEL-GLASSES

YANG HE-QING' *  WANG XUAN'  LIU SHOU-XIN! LI YONG-FANG'  ZHANG LIANG-YING?*  YAO XI?
Shaanxi Normal University Xi' an 710062 China
2 Electronic Materials Research Laboratory Xi' an Jiaotong University Xi' an 710049  China
3 Surface Physics Laboratory Fudan University Shanghai 200433 China
Received 3 July 2000

ABSTRACT
C-nanoparticles with a diameter smaller than 60 nm in xAl,Os-2P,05-100Si0, x=0.25—2 gel-glasses have been
prepared by sol-gel process. The gels synthesized through partial hydrolysis of PO OC,Hs ; Al NO; v 9H,O and Si
OG,H; , were heated at 400C or 450°C in air atmosphere or from 300 to 700C in N, atmosphere in which —OC,H;
were carbonized to form nanosized C particles. These C-nanoparticles-doped gel-glasses were characterized by optical ab-
sorption and TEM. The optical absorption edge shifts to the higher-energy side as the size of the C particle decreases. This
phenomenon is interpreted in terms of a quantum confinement effect of electron and hole in the C-nanoparticles. The C-

nanoparticles structures were found to be amorphous carbon in the gel-glasses by electron diffraction pattern.

Keywords Sol-gel Process Carbon Nanoparticles
PACC 7865 7830



