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1.1 RERE .

Si(OC,Hs )4 (TEOS) : Union Chimique Belge, 5. A. , Belgium

R¥ZENMTHE_BFLEY M THE R SEN 2mol%, MBS TEHN1.1x
105, A FESH N 4.4, EEO bR

EAE S 2 E R A, I THERMAT P&, 7 85T /266Pa T E&.
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1.2 #EHENGHIE

£ 50mL BRI T B E 2R T % ML R Y # THF B APTES,
7E N, £ FRIRH 1h, REEFHBEEPMA IR TEOS.H,0.5mol/L i NH, %
sk 2mol/L B9 HC Z8 9, TE X H FRIZIBHE 2h S A H D E 0,7 RIEER L1
AT, TEKE, I LHSABERBEHN AN AGHERE THEMEAPE OC T TH#
24h A[BREFA R E A P(St-co-MAn)/Si0, &b E. RIFAMT .
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2.1 {RERH APTES R X AR MR %S

2.1.1 {REH APTES X ik R EERATE MR W & 1| HBEH APTES M A B X £
SRR ] (BRIBE A R 248 £ 64 F5 2 LI R B 30 B S 6] ) 9 6. 24 APTESS R
ANB OB, R T 102d A TR REEBE. UL TT 8 i) MBBE5H) o F 3B xd 38 et 1) iy B o
B R F, 4 APTES (B S RY IR T 4 " MEFBE /R SR, (L% Smin, k2 B
FIERIE . SR NI T4 —MRT$.50 5 APTES KW, APTES M i B R ZH S TH 8
HREGEE, FHHSE TIAANBRERE, \TTRRYRRE. MEH AR, %k
FHRERBRAN, TAERAE DG RN B WM, XU, A EREET BN R
HSE, W& H BRHAE, HHERNYSBAYNIES. YEARENHRSARDONETH
—RART B R MO SRS, FLE O BE AR ) 80% 1. B R BB A9 N BT LA A 80 B 0k
M5B, WTTR DI 5% B e Ak 418

Table 1 Effect of molar ratios of APTES over tnaleic anhydride on gel time of P(St-co-MAn)/Si0, hybrid
materials derived from the NH,-caralyzed sol-gel reactions of TEQS with P{St-co-MAn)

Sample code Molar ratios of APTES over maleic Gel time Appearance
anhydride unit of copolymer (h)

K10 0.0 2448 Opaque
K11 0.1 504 Transparent
K12 0.2 288 Transparent
K13 0.3 12 Transparent
K14 0.4 1.5 Transparent
K15 0.5 0.5 Transparent
Kié 1.0 0.09 Transparent

# The silica content of P(St-co-MAn)/silica is 50 %

2.1.2 A APTES £ & P(St-co-MAn)/SiO, bR B PMER B1 %
P(St-co-MAn) . SiO, fl P(St-co-MAn)/SiO, Z4b5H6H8 FTIR #ME . 2 boc 4912 K10
LB K16 i) MBS . MikE R LR L, LR 52 H B (K16) 1 4 SRR
B C—0 MPERHBUCE 1790cm ' 1 1850em ™), IR EF £ O—C 8 45 I 3 ok
1450cm ™ ',1500cm 1. 1600cm ™' £ 700cm ! 4 (4 3 SR 37 AR 30, B R 09 2 22 1k b
(K16) 1790cm ' 5 1850cm ' Zb B BE AP Y C—O HEHEHRWEH B X E, &
1730cm™ ' 5 1701cm ™ 4b BRI AP 4538 B 9 R M, X T A TE) 2 T AEIL B ML O, BT E
AR BRI (0 48 % 30 TR e, S5 45 Bt JRE 1 % A 00 4% 4% 3 R e BB T OE 5 T AR IBE
APTES MR EHILR W LS E T 4% —BRBFHT BB T R 58/ T TEOS 5 APTES
N=CHAEEEALSKRESTERIIME, BTEZE- R TH _—BELRY S5 LM
X101 e A S 8 AT S . 1T ¢ 24 Ak b (K10) BRRZ 34 FTIR #E N5 d dy38 B4
o1, X, B FRFE BB APTES, £ AFRRBIET B+, &k S B RwEmE.
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Fig.1 [nfrared spectra for Si0;, P{(St-co-MAn) and the gel parts of K10, K16
a. P(St-co-MAn); b. the gel part of P(St-co-MAn)/SiQy (K16};
c. the gel part of P{St-co-MAn)/Si0y{K10);d. the pure silica gel{Si(%}
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Fig.4 Eifect of Catalysts on 0l fraction of hybrid materials

[TEOQS]/ | [TEOS] + [P(St-co-MAn) 1} = 50wt %, [ H;O1/[ TEOS] = 4 molar ratios,
[Catalyst}/[ TECS] =0. 10 molar ratio, [ APTES]/[ MAn] = 100mol %

a. Catalyst is HCl; b. Catalyst is NH;

2.4 5i0, & B3 P(St-co-MAn)/SIiO, FibHE A KW

2.4.1 SO, TR FAVAARBLETRENENE B 5 & P(St-co-MAn)/
Si0, Zuibbriie DSC #i 4. W P EFE H P(St-co-MAn)# T, 4 119C, B E H R
VLR ORI, X — A B ERE AR, HRFERTHE, SO, SRETXHELRES
HEYHAEBIEETRE, ¢ 2 S0, 8K 100% B DSC #i28, I\ ¢ TTEAF tH 100C
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Fig. 5 DSC curves of P {St-co-MAn )/SiO; hybnd Fig.6 Effect of amount of Si() on refractive index of
materials hybrid materials

The silica content of P{St-co-MAn)/Si0, are 0, 10, 50,

67, 100wt% from a to e, respectively, [ NH; 1/{ TEQS]

= (.10 molar ratio, [ APTES]/[MAn] = 100 mol%
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EFFECT OF 3-AMINOPROPYLTRIETHOXYSILANE ON PROPERTIES
OF POLY(STYRENE-co-MALEIC ANHYDRIDE)/SILICA
HYBRID MATERIALS BY THE IN SITU SOL-GEL PROCESS

ZHOU Wen, DONG Jianhua, QIU Kunyuan
{ Department of Polymer Science and Engineering, Peking University, Betjing 100871)
WEI Yen
{ Department of Chemistry, Drexel University, Philadelphia, PA19104, USA)

Abstract  Poly ( styrene-co-maleic anhydride)/silica hybrid material has been successfully
prepared from styrene-maleic anhydride copolymer and tetraethoxysilane ( TEQS) in the
presence of a coupling agent 3-aminopropyltriethoxysilane ( APTES) by in situ sol-gel
process. [t was observed that the gel time of sol-gel solution was dramatically influenced by
the amount of APTES. The sol-gel time decrease with the increasing of APTES. The covalent
bonds between organic and inorganic phases was introduced by the aminolysis reaction of
amino group with maleic anhydride units of copolymer to form a copolymer bearing
trimethoxysilyl groups, which undergo hydrolytic polycondensation with TEOS. The amount
of catalysis, HCl or NHa, as well as the ageing temperature of samples, heavily affect the sol
fraction of samples. The differential scanning calorimetry(DSC) showed that glass transition
temperature of hybrid materials increases with increasing of Si(), composition.

Key words Sol-Gel, Hybrid material, Poly(styrene-co-maleic anhydride), Tetra-
ethoxysilane, 3- Aminopropyltriethoxysilane



