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Abstract

The transparent organic-inorganic hybrid films were prepared by the

Sol-Gel process. PVP(polyvinylpyrrolidone) was used in organic component and TEOS
(tetraethoxysilane) was used in inorganic component. HCl, CH;3COOH, and NH,OH were
used as the Sol-Gel catalyst. The characteristics according to not only the variation of
organic and inorganic contents but also the variation of catalyst species and contents
were investigated. On the whole, the compatibility was remained between organic and
inorganic components, and also as the TEOS contents were increased, mostly the
transparency and the mechanical, thermal properties were improved. In addition, as
content of catalysts was increased, the films showed characteristics that were closer to
PVP than silica. Although the transparency of films was preserved in HCl and
CH3;COOH, only the film containing more than 40wt% TEOS in NH4OH showed different

phenomena.
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<Hydrolysis>

M-OR + H=O — M-OH + ROH
<Pclycondensation>

M-OR + HO-M — M-0-M + ROH

{alkoxolation)

M-OH + HO-M — M-O-M + H:0

{oxolation)
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#<l PVPS #7148 TEOSS wHg-Al#A
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2.1, AlBI=R

2 7oA Kanto Chemical Co. |9
polyvinylpyrrolidone(®1 3 PVP) (K=90, Mw
36000008 #7IAHRELR 9% ¢£EE zE
Aldrich Chemical Co. A% 9] tetraethoxysilane
(¢]3 TEOS)E F7lAdRoz2 AA glo] A&
stk AHEE SulE 999%9 £EE zE )
T. Baker Co. #A|¥&9 o2 23 FHTE
FEEUNZ ALY E-2 v 257
71 f8 36%9 HI}FLE FHSE Osaka
Co. AF H4Hel3}t HC, 9% 58 3
= Shinyo Pure Chemicals Co. AE2] ol E
2Ho}8F CH3COOH), 20.2%% NH:E 43+
Mallinckrodt Co. A1E¢ FA33YRE(ol8}
NH,OH)E &2 A& 3.

2.2. MEYY

A AP A4S e UES 24 FF
T ole&e AHE3q Twt%e PVP £9&
Az og, TEOSE A7stn, 244& 2
87] s Aol 10%7F wwsigdo ¥
o, U HHt fFAHE o] &9 HC,
CH,COOH, NH,OHE #7}sta mutatfict. of
44 JF stolA 7IEE AAT g, fEw
el BHol= A2 Y ALEsto Al
gt 2 ¥, 50CT2 fAsHe AF dzx7]
Well A dzste] £ stolHef= FES A
23k A #4E& %<3 A eldte Scheme
1ol Jehhich #2719 Fr14989 saws
AdYolixE= zge] Fojg TEOS 1€% 0.6mol
g AHgEAn, oz dgdAMe TEOSE
0wtz nAHSL F-A Fojg 13 go] A
23t Q¥ HCIE TEOS 1E% 0.2mololA
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10mol2 WA 718N HEsided, o9
< 2uEAe £4E Table 1o 48 HAS
Aot

2.3. BAMuy

T8 Fr1HEY A8AE dotr7) ¢
& Hzdr] A £9& NaCl dd €2z
FT-IR(Model Jasco FT/IR-300E) £A438lo]
24% 438 B34 71AH BEAE A
3171 818l lemx6cm 27|19 AtZ3¥ez oF 20

Table 1. Composition of Starting Materials

&7 §4) 9% PVP/Silica stolr= dF) Ax @ 54 3

um  FAl) AEHEE 37} AlRdld UTM
(Model LR 30K, LLOYD INSTRUMENTS)S.
2 #M3ge, o 4 JF4EE 10mm/min
2, A7 A¥E 30mmz 3t BA R, 370
489 HAFE FHIAd FHAELE TAE
A AP 27]9) WEE AZx3o Hazemeter
{Model TC-H M, Tokyo Denshoku Co.)& ¥
Attt dE9 ddHAE A7 A
TGA(Model TGA 2950, Dupont Co.)2 ®A13}
Aed, o] W £&4&5E 10T/ min, 2549

Summples 7Wt.% PVP TEOS Solvent™ HCI CH3COOH | NH.OH
Solution(wt%) (wt%) {mol) (mol) (mol)

PVPTE -1 100 - H20+EtOH - - -
PVPTE-2 R0 10

PVPTE-3 80 20

PVPTE-4 70 30 H,O+EtOH 0.6 - -
PVPTE-5 60 40

PVPTE-6 50 50

PVPTE-7 0 10

PVPTE-8 80 20

PVPTE-9 70 30 HO+EtOH - 0.6 -
PVPTE-10 60 40

PVPTE-11 50 30

PVPTE-12 0 10

PVPTE-13 80 20

PVPTE-14 70 30 HO+EtOH - - 0.6
PVPTE-15 60 40

PVPTE-16 50 50

PVPTE-17 0.2

PVPTE-18 04

PVPTE-19 70 30 H,O+EtOH 0.6 - -
PVPTE-20 08

PVPTE-21 1.0

* Nomenclature : PVPTE stands for PVP and TEOS
**x Ratio of solvents : H20(30wt%) and EtOH(70wt%)
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£ 2L2dAA 600T7A FAEA7] stolM 4
gtk "EY W JFE dotry] A
SEM(Model Hitachi S-2500C)2.2 &8t

I Twt% PVP solution in H20 and ethanol ]

[ Addition of TEOS |

Room Temp. —mta—— Stirring for 10min.

y
[ Addition of catalyst |

Different time ——#-la—-— Stirring for 12hr.

A
I Removal of bubbles under vacuum I

I Casting on glass plate ]

| Drying in vacuum drier at 50T l

y
I Preparation of hybrid film I

Scheme 1. Experimental procedure for
preparation of hybrid film.

3. =t ¥ 1@

3.1. FT-IR #4
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& #&20€ 4 Ad{10]
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&7 &l FT-IR ¥4 & #3389 Fig. 14
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1600cm el A1el C-O =27} Fig. 1a)d &%
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[11,12].

NV 1 T Mo
(a) N-H
® C-0O
"
(b)N-H Siw)-Si
C-0
T R P e P 760 400
‘Wavenumber {1/cm]

Fig. 1. FT-IR spectra of (a) PVP film and
(b) hybrid film containing 30wt%
TEOS under 0.6mol HCL
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Fig. 2. Tensile strength of films containing;
(a) different catalysts through TEQS
increase and (b) 30wt% TEOS
through HCI increase.

3.3. WRo FYY

Mg BEAAM AFGHRol, #7]-F7) soln
= 4g& Axded o /M FaA Idd
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B HA ZFriE e, o3 AEAHE Fig 3
o ueldigdch Fig. 3@elMEE bis} o}
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S0 A <kzF o] FAdo] FotAle #HAbo] Ho
£, ol CH COOH7} E2o)=3A2 &3
7] WEo Aog A g15).

Z-A FHo| 9§ PVP/Silica dle|B = WE9 Az R EX 5

NH,OHE AH8-8& Zsde 4t & 8%
& BAA=, TEOSS #Fe] 30wt w
A e Tl ofF ulAFA FolAtst,
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Fig. 3. Transparency of films containing (a)
HCl and CH3COOH catalysts through
TEOS increase and (b) NHs OH
catalyst through TEOS increase.

3.4. 9 &/
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Fig. 4. TGA curves of films containing HCI
catalyst through TEOS increase.

vl 7bAl 2 CHsCOOH 3t TEOS &3
OE g3 % W3l ML Fig. 59 YHehldeE
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TEOS7 /¢ =89 I#4Fe 49 B9
HCIE.t} CH;COOH®S| 7-$-ollA ] ®o] dol3l
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Fig. 5. TGA curves
CH;COOH catalyst
increase.
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Fig. 7. TGA curves of films containing

30wt% TEOS through HCI increase.
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(a)
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S Al
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(b)

Fig. 8. SEM photograph of (a) PVP film and (b) hybrid film containing 50wt%

TEQOS under HCIL.

(a)

(b)
Fig. 9. SEM photograph of hybrid films containing 50wt% TEQOS under
(a) CH;COOH and (b) NH4OH.
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-4 IHE T FHY stolHd= HEF
g EBdol= siAaY HYHeR Axdtd 7z

gge BEAS Hie 43 g e e
AUt
1. 59 & HEL TEOSY &% oA

S0wt%E ATHAEY, I o]dol=H HE
g @de] A HEE AHE 5+ ¢
pea=y

2. PVP&} TEQS #lol9] &34L FT-IRY ¢
§ #4224 A4FE #UdPgeEN FHHA
I, 2 A2 B3zt 9§ 1100cm” $2
o HAHE HoZ Hol F-A Wgo] 3
PN E & F UAH

3. HCl, CH:COOH, NHOH 3ol TEOS9 &
o] FUMETE AJA TS} FYHL S
L iR=3

4. HCl, CH;COOH, NHOH 3ol 4 TEOS 3%
o] Fzigel wel dAAYL FUHHAL,
HC12] §3fo] F7hgol wel dtAdgd e 2
23kt

5. HC17 CH;COOHel ¥®3) NH, OHZ M43
< A$, F448& #+A3drt TEOSE
40wt% °1d 7S o, il & F
B.gdo] 2zt ZAH R, TEOSE 50wt% I
-2 o A EFHSA HAU ojuf, &
Z XA M o 4-8m AE A9 T
Azt vlgAg Baagc

#ap#

1. J. M. Zeigler and F. W. G. Fearon, "Silicon-
Based Polymer Science a Comprehensive
Resource”, p. 206, American Chemical
Society, Washington (1990).

BRI

2. BrA & J Polymer Science and Techno-
logy, 8, 261 (1997).

3. G. L. Wilkes, B. Orler, and H. Huang, J.
Polym. Prep., 26, 300 (1985).

4. H. Schmidt, J. Non-Cryst. Solids, 73, 681
(1985).

5§39, J Theories Appl Chem Eng, 3,
3273 (1997).

6. J. C. Salamone, J. Polym. Materials Ency-
clopedia, 6, 4782 (1996).

7. H. Schmidt and B. Seiferling, J. Mat. Res.
Soc. Symp. Proc., 73, 739 (1986).

8. H. Schmidt, J. Non-Cryst. Solids, 112, 419
(1989).

9. H. Schmidt, J. Sol-Gel Sci. Tech, 5, 115
(1995).

10. T. Saegusa, J. Pure Appl
1965 (1995).

11. V. Tantishaiyakul, N. Kaewnopparat, and
S. Piroxicam, Inter. J. Pharmaceutics,
181, 143 (1999).

12. A. Kuznetsova, E. A. Wovchko, and ]J. T.
Yates, Jr., J. Langmuir, 13, 5322 (1997).

13. H. H. Huang, B. Orler, and G. L. Wilkes,
J. Macromolecules, 20, 1322 (1987).

14. L. Klein, "Introduction to Sol-Gel Proce-
ssing”, p. 65, Kluwer Academic Publi-
shers, Massachuserrs (1998).

15. F. Suzuki and K. Onozato, J. Appl. Polym
Science, 39, 371 (1990).

Chem, 67,

- 240 -



