50 1

2001 1

Vol.50 No.1 January 2001

1000-3290 2001 50 1 0175-07 ACTA PHYSICA SINICA (©2001 Chin. Phys. Soc.
. *
SIOZ
.t.
200092
200083
2000 6 16 2000 7 20
SiO, XPS
SiO, . -
SiO, XPS
SiO,
1.18 1.41 Si2p
wy Si-O-Si
SiO, SiO,
- SiO,
PACC 8115 4278H 6160
1
Sio,
- SiO, SiO,
. San-
tucci 3 - SiO,
XPS MTEOS
CH;Si OG,Hs 5 XPS
TEOS Si OGHs 4 -
1—3 Imei 67 - SiO,
SiO,
pH Tong 8
0—99.8% 1.004—2.2 -
SiO, + SiO,
X Sio,
XPS — -
69978017 59802007 ICF98-15
98JC14003

tE-mail gmingwu@online. sh. cn



176 50
: SiO, X MgK aX
XPS 1253.6eV 5X
10 8Pa Cls 284.6eV
TP-77
2 632.8 nm 1%.
SiO, 3
1. TEOS
1:2:40 30
min 5—10 80°C 2—8 h 31
A Sio, 2 Sio,
pH=1 TEOS . TEOS
1:2:40 30 min 1.18 TEOS
B SiO, TEOS 0.10
B A 80C 1.23 0.8 1.35
3—5h TEOS 1.0
Si0,
TEOS + Z B TEOS + ZB¥ 1.41 .
Uk AEER SiO, 1.18 1.41
| 1. 45
%lﬁt TEOS ¥
[E3 1. 40 H
| 1. 35 1 §
*:;%r 1. 30
£
1. 25
. 1 S0,
1. 20 4
60 % 20—
25C SiO; e 0.0 0.5 10 15 2.0 2.5
10—20 cm min. TEOS %} SiO K /R th
3.5 mm o . , N
30 min. 200 nm. 3.2
P47-SPM-MDT TEOS
SiyN, . 0.06
Leica Combridge 3
S360SEM FTIR
FTS-40 BIO-RAD SiO; 0
2cm L XPS PHI 550 ESCA samM  1.20 1.29 7.5%.


Absent Image
File: 0

Absent Image
File: 0


1 SO, 177

SiO,
4 b SiO,

1. 26 1

1. 24

. Si0; SEM . Si

L8+ T T T T 711
o 1 2 3 4 &5 6 7

H20 %} SiOs 1B /K Lt
El ;
3.3
SiO,
4
AFM
SIO, SiO,
4 a
nM
20 -

nM
204,

o
2000
1500
10007

500

4 SiO, AFM a b ¢


Absent
Image
File: 0

Absent
Image
File: 0


50

178
Sio, Sio, Ols  Si2p
AFM 1 S0, Ols  Si2p
3.4 XPS
oV 532.8 532.1
; ; Ols
6 SO, Ols Si2p XPS o 5 60 5 06
a b
oV 102.65 103.57
. a b Si2p
oV 1.41 1.69
Ols 1
(b)
=y =
~ ~
S E
=, =,
238 Sé6 5;34 5;:2 5;30 228 238 5;’)6 5é4 5':’)2 5I30 228
RARE /eV RARE eV
oo ... (C)
| o LY
—— ittt [ X \
®
s o
) / / \ 4
4 A SR
o/ / \ L}
"N A
000000°° qg00® °°°o.dpn
107 106 105 104 103 102 101 100
WAL /eV
6 SO, XPS a b Ols ¢ Si2p
SiO,
Ols
Si2p Sio,
1088 1085 1081 cm !
103.57 SiO, 1080 ecm ! 14 .
102.65¢V.
3.5 FTIR 4
7 Sio, Sio,
pH
1080 950 800 cm !.
1080 cm ! Si-O-Si pH



179

Si0,
— B
- - - FBL _
— — Bk
£ <
<
: | '
2%
@ ' %
(a) (b)
1200 llIOO IOIOO 9(I)0 8(I)O 700 8 a b Si02
WE/cm™!
. 7 Si0; SiO,
TEOS
TEOS —OR
SiO, SiO,
15 .
o, Si0, )
8 b 6 OlsXPS
8 b
SiO, 2
8 a 2 Ols
8 a
SiO, .
eV 532.02  533.82  532.51  533.84
pH 7 S0, : Ot &V 1.9 1.3 2.04 1.34
TEOS pH
2.5 TEOS 332eV
533.8¢V . SiO, Ols
SIOZ . SlOz OH 10 . 15
S0, OH
SiO, 533eV . 6 2
SIO, SiO, Ols
SIO, 533.8¢V
SiO,
n 0 : .
np= n"-1 1-p +1 . SiO,
n SiO, 67 %
OH
OH

TEOS


Absent Image
File: 0


Hu-Sou Tong Chun-Min Hu U. S. Patent 5582859.

180 50
12% OH 0 9.
533.8eV 1080 cm !
7 950 S0,
em ! OH 3 SiO,
148 4
OH 533.8eV
SiIO, 2 Si2p 103.4eV
147 A
Si2p 102.67eV 103.57eV
. < 146 A
SiO,
145
31200 1080 800 cm !
wy LO wy TO w3 1449 84 45 5io,
wy TO Si-O-Si
El 0 o
a da
w? = 1-cosf +
mo 3mg
w ws TO a  Si-O-Si 5
0  Si-O-Si mo ms;
SIOZ wy TO
w 1080 em™' 6 144° 14 a SiO;
7.265%10°. ws TO SiO,
0 SiO,
S0,
Hee-Sun Yang Se-Young Choi Sang-hoon Hyun Chan-Gyun 9 R.B. Pettit C. S. Ashley S. T. Reed C. J. Brinker Sol-Gel
Park Thin Solid Films 348 1999 69. Technology for Thin Films Fibers Preforms Electronics and
Guangming Wu Jue Wang Jun Shen Tianhe Yang Zhenquan Specialty Shapes ed. by L. C. Klein Noyes Publications Park
Lai Huilin Zhang Qinyuan Zhang Chinese Atomic Energy Sci- Ridge New Jersey USA 1987 pp.80 —109.
ence and Technology 33 1999 332. 10 Guangming Wu Yonggang Wu Xingyuan Ni Zhen Zhou Xiang
Wu Guangming Yang Tianhe Wang Jue Zhang Huilin Shen Wu Chinese Functional Materials 30 1999 404.
Jun Nano Porous SiO, Antireflective Coatings for Solar Heat 11 Jue Wang Jun Shen Bin Zhou Zhengsheng Deng Li Zhao Lei
Collectors High Temperature-High Pressure 32 2000 . Zhu Yufen Li Nanostructured Materials 10 1998 909.
J.Phalippow R. Vacher ed Proceedings of the 5th Interna- 12 C.D.Wagner W. M. Riggs L. E. Davis J. F. Moulder Hand-
tional Symposiumon Aerogels Sep.8—10 1997 France. book of X-ray Photoelectron Spectroscopy Editor G. E. Muilen-
S. Santucei E. Cordeschi L. Lozzi M. Passacantando P. Pi- bery Published by Perkin-Elmer Corporation Physical Electrical
cozzi J. Mater. Res. 12 1997 100. Division 6509 Flying Cloud Drive Eden Prairie Minnesta
H. Imei H. Hirashima K. Awazu H. Onuki SPIE 3136 55344.
1997 144. 13 F.L.Galeener Phys. Rev.B19 1979 4292.
H. Imei M. Yasumori H. Hirashira J. Appl. Phys. 79 14  R.L.Mozzi B.E.Warren J.Appl. Cryst.2 1969 164.
1996  8304. 15  Tianhe Yang Thesis for Master of Tongji University February

2000.


Absent Image
File: 0


1 SO, 181

EFFECT OF EXPERIMENTAL CONDITIONS ON THE STRUCTURE AND
PROPERTIES OF NANO-POROUS SILICA FILMS™

WU GUANG-MING WANG JUE SHEN JUN YANG TIAN-HE ZHANG QIN-YUAN ZHOU BIN DENG ZHONG-SHENG
Pohl Institute of Solid State Physics Tongji University Shanghai 200092 China

FAN BIN  ZHOU DONG-PING  ZHANG FENG-SHAN
Shanghai Institute of Technical Physics Chinese Academy of Sciences Shanghai 200083 China
Received 16 June 2000 revised manuscript received 20 July 2000

ABSTRACT

The evolution of structure and properties of nano-porous silica films was investigated under different experimental
conditions. A new method to adjust refractive index of the films rapidly and continuously is reported. The thin films were
prepared with the base acid one-step and base acid two-step catalytic sol-gel processes and the dip-coating method. The
structure and properties of the films were analyzed by atom force microscopy scanning electron microscopy X-ray photo
electron spectroscopy Fourier transform infrared ellipsometry separately. From the base one-step the base acid two-
step and the acid one-step catalytic process silica particles in the films become small the porosity decreases and the re-
fractive index increases continuously from 1.18 to 1.41. XPS analysis has shown Si2p peak shifts to a higher binding en-
ergy and near that of the silica bulk. The frequency shift of w, transverse optical mode of infrared absorption to a lower
wave number indicates a decrease in the average Si-O-Si bridging angle. These results suggest that the effect of the above
experimental conditions on properties of nano-porous silica films is attributed to the change of the silica structure of the

films.
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