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mE LBHREIRARGYRRAMEAFEERENET R 9808 PMMA-Z:0; $44
THL#ibEE. FA UV, IR REGFIRATTHR. #MET HFBMEHAN TGA #F.

KW HHTHSEHE, TERSRTE 2 MEEHE BNEIRAE  ERERS®

FEMEEFRAR AR, - EFERREMNER. AULEN R EERT SRS
MY MEHNEENRET 53, ElEFEReRIaANGER -2 & THer - Rt
EERENEETERIIER, B Taiimids ZRASHENLIREHERE T —&&F
ik W HHL AR RR BT S5 THE S 2 A T ERRMWR T TR, £
—RHFVAT SEMAET 2R RE Ry, ERESRPERS LM, TR Ry ke
SRON, RN LREE AT THENEE AP, TRk, HEERSE, MHkEE
FHRAPh B FTAAE. HHAS ST Es e 0 A e, A, JrE, WP
Efr@EVATE, &, EFRELCR, TEECHEREEddREn ST R &
EAF A HERE BYHARMRE S — —E2dSY, BB FAYTEER (il
£8) Wio L SHEMEIES FIVAEE. 200k sSs A S mTEErt, s, Ti, Zr,
Al BEERVE AR, BEEZBIFEEA A ERR, AR BMARERSENEELE S
B P RS EMA LA S MO, (M = Si, Ti, Zr, Al) i, #BT RN 9SAMNEILL
AL B, FHAENaEmmaEmET T .
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11 HHSES

Si(OC;Hs)y: LR EATT, Sbrd, S#/ >08%

Ti(OCH{CHj)z)4: Aldrich Chemical Company.Inc., &8~ 97%

Zr({0(CH;)aCHa)yg: Aldrich Chemical Company,Inc., S ~ 0%

A{OCHC205-CHj)s: Fluka Chemika, & #~ 51%

MR Z B R 7 SR, PR E M LK ERE ( BPO) § FRTEI A,
FoAK Z AT K R R T 2B K AbEE.
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S5 (TR) 7F Nicolet 25816 Magna-IRTMTO0 il bifkdr. Foh— ol B3 (UV) 7
General TU-1221 b - T W36 A0 | Balkdy. @4y ( TGA ) fEHE4: A 1000 34l
b, FEEER 10deswin !, FEESHRE Pt
1.2 FRTHREHERNHE

{EFEFPREAL 12 $E&MMFEATE MOR), (M=81, Ti. Zr. Al) SBNELRAE

(AAA) RS, HEdes, Min—e BN HNO, Skl (ETkRrEs) Ml
SN, R M G, MA—ERMFTERSGREE (MMA), FNARERT 22—
AEALEER (BPO ) fEASIRM, BHReE, & N S0 408, B A 60 clEEY
FhRIrSEERGEY, ATENER RABTHERSEARATRIRAHREERA. A
EEIRERERE L MT 2r, AVKERE, KSRt aArKis, TKrAMEE.

% 1 BRicHMEME R
Table 1 The preparation conditions of the hybrid glasses

PMMA-Z10, PMMA-TiO), PMMA-Zr(} PMMA-AL O,

Chemicals Chemicals Chemicals Chemicals
S{{OC:H:): 10z Ti(OCH(CHs)e)s 14g  Zr(O(CH;)sCHa)s 145 A(OCHC;H,CHs); 2.4g
AAA l.4g AAA l4g  AAA 0.3g AAA l.4g
2mol.L™" HNO, 0.2mL 2mol-L~" HNO: 0.2mL 2mol.L™" HNOy;  0.15mL dmol-L~" HNO, 0.2mL
. H,OH 2ml C:H:CH 2ml  CyHLOH 4mL {CH, ) CHOH UmL
MMa 5.3mL MMA 312mL MMA 1.2mL MMA 3.2mL
2 GR5Tw

PR Z B MR A P 5 R R AR EE KRS, R ©
AR T L AAA CHEREEF A TiO,-PMMA Z{bBEE a5 4%, EHTIFER L RINMHEER
AT S, Zr, AIERELE, #ISTHESSAMHMMEER. HeTBIBAEZMAMEET
LLRE O B B S A LA S TP AL TR P S LT R R s, MR S, T,
Zr, Al OB TS&FEZEFE (LUTRF AAL) BECHRETTHE. SENERERS
|, SI{OC:H; ) 5 AAARESREEWEETEE, ™ TOCHCHa)z)s» Zr(O{CHz)aCHa)g
ANOCHC,;H;CHy)s 45 AAA MR SH N G DA HHallfrusamiE fuTas i, 5
=HE AAA ZEEETHEFER SEEMKS AAL BERTER UV BEe A BBIERT
K=& B 29R (A) £ReELiTEm (B) B4s UV Bilihsk, SRASAHATKIE

(KRN B FRHENTHERMESEL. AAABTH »~ - T8MERE, £ UV 9PHHEA
M 213.0nm , 288.0nm , M &REEETETE 260nm LUE TR, BrRiafill AAA B = e
YEMIREE. SIOC:H:)s 5 AAABSHE UV ES AAA FHETIL, ST eEd, WERE
R S hEa @A RE. ™ TiOCH(CHa)z)s,» Zr{O{CH2)3CHs)y, ANOCHC,H;CHals
5 AAA BAHE UV EEP AAA S RS TAB (Ti SR PFES TiOCH(CHa)z)s
BT R TRE, PSR AHR, BRH S S{UAYEHERLE 2 RESTE=ES
AAA AR E AR &7 REMFEE ET B, N0 SR 8.
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Fig.1 Absorption spectra of the samplez of AAA and metal alkoxide before
and after mixing
A) before mixing; B) after mixing
a)AAA; b)SI-AAA; ¢)Zr-AAA; d)Ti-AAA: e)AILAAA
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Tabel 2 Spectral parameters of the mixtures of metal alkoxide and AAA

AAA Si-AAA Ti-AAA Ir-AAA Al-AAA
A I /nm 288.0 288.0 335.0 321.0 305.0
Al /nm ! 0 47.0 33.0 17.0

A- —EREESHPHFRRETLS EREEPH P ORTERBEARGE ARSI
SMEMATER, TR RN A KRR A R I, SRR B L R
EAGAAFRMSHERET, RNWME T HHERMETETT AAA BT BN E (1,.), SiEKREN
R T, tea BARE, 8K 23K, T T, Zr, Al KEEH AAA R, te B 4-10 K, T AAA
b}, B HE—MA HNO; 5T KZM (T KRFER GREH, JLash M &
FMARLE = EDRE RARREFT-SA0NEE BRRH, AAAF T Zr, Al#
T ettty H2RBELETER xS TRAER.

KT H—HEL AAA 5Si, Ti, Zr, Al WOMKEMERBE, 2400304 8H
wABHATT IR B9, B 2(A) . (B) . (C) #84&Meik M(OR),.(M=8i2r,Al)(a) . &&
BiEh S AAA BEHW (b) . MEYAKER 24 /M0 (o) « BRE AT (d) BLLIMKE, Ti RS
FTIR P W 3CHk 0. 4 AAA MBEEMRRNE =4, 457 1726, 1701, 1608cm~!, 3
TRV IR SHERETE 163%em™!, S5 &MMILER T RS, WEFE 1580-1602cm™ 4
W—AE—re . mE20A) . (B), (C) TR, Si4FRHBREMRITE 1580 ~ 1602cm™?
Fowg, W Ti, Zr, AlWARE, AHFREEFEKE 24 M AEREBSINRERPRREES
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s, BEN—HAFE (Zr REERAPEERHBHGESETHE, TEERVEIRET
TS, MEEERFTH—SMEIE). B AAA S5 Ti, Zr, AlPOBRTFARESRTRE

i, ArRf@ibERe, WmAR TRMZENFRETIERSHIE PMMA E2EE
Y H #.

, 'L-FH B2 REWNMETEN

S S Mg FTIR 8
i J uj1 Fig.2 FTIR spectra
Y} ! I"!ﬂ }L . of the synthesis
L / . er"—' B ’j;ﬂ \.ll e process of the hy-
If (I 1 P brid glasses
\ v |11 A} Si samples;
/ L ples;
/. I'tkb | | 'L] 'J/-\‘ b R 2
JE— A IIl 3 \“\--._\__\____}-I } T &EII:I.PJ.EE:
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T aan | sme | men mw we me mo
Af em™

FIA TGA Mt p MBS T THE. B 3(A) S ab s TCA ik, Fasy
RHERSRTREMAL ResARRTHENTHERR, TREBTRET 38 ~ 62 T. B
EAE, ghiactmRERERRAE, Kb 2r KEAFRITHHRBEE. HEE AL FHL
i i, RINFETE AAA 89 Si0., TiO., Zr0,-PMMA k38, Hpt Ti, ZrkEH
AR AR RS 2 3 F, HErR S &b BmRRE. Al MEKRKE mRQsh. A
3(B) A AAA WEYRIEERN TCGA Hhish, ¥ S5 3(A) PRMN BTN, SikEL
AAA BIRBEHERSE AAA B AU S, et TCA &L P55 PMMA M54

@ Ti, Zr MERRL AAA HRBEHMERAHER, HILE AAMAKETHRES. E
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Fig.3 TGA spectra of the hybrid glasses

A) TGA spectra of the hybrid glasses with AAA; B) TGA spectra of
the hybrid glasses withoutAAA

a)PMMA; b)PMMA-Si0;; ¢|PMMA-TiOy; d)PMMA-AL Oy; e)PMMA-Zr0y

MHF S, Ti, Zr R, ALREEWST FAEFAERAIENALS S EML ALA
HEER AN, S EREFEIERMN 79.90% B 96.43% , TihEM 61.91% B

84.28% , Zr fREFEM 35.87% B 66.61% M B PR A b, XH LB MERBIRIESE
i paa

& % o

1 Huang H, Orler B, Wilkes G L. Polym. Bull., 1985, 14:557
2 Philipp G, Schmidt H. J. Non-Cryst. Solids, 1984, 63:283
3 Wang B, Wilkes G L, Smith C D, et al. Polym. Commun., 1991, 32:400

4 Schmidt H K. Inorganic and Organometallic Polymers with Special Properties. Ed. Laine R M,
Kluwer Academic Publisher, 1992, p.297

5 Wajcik A B, Klein L C. .J. Sol-Gel Sci. Technol., 1994, 2(1/2/3): 115
6 g W, PEEM, HEMM, TS WELFER. 1006, 12(4): 289
7 Davis R B, Hurd P. J. Am. Chem. Soc., 1955, T7:3284

WULI HUAXUE XUEBAO {Acta Phys.-Chim.) 1997 411



8 Sanchez C, Livage J, Henry M, et al. J. Non-Cryst. Solids, 1988, 100:65
9 Leaustic A, Dabonnean F, Livage J. Chem. Mafer,, 1980, 1:240

Synthesis and Characterization of PMMA-Zr0, (Si0:, Ti0;, Al:0;) Organic-Inorganic
Hybrid Materials

Jiang Kuivang Zhang Jun Gui Linlin
(Institute of Physical Chemistry, Peking University, Beijing 100871}

Abstract Poly(methyl methacrylate)-Zr02(510;, Ti0z, Al O3} hybrid glasses have been syn-
thesiged through Sol-Gel process by using allyl acetylacetone as coupling agent. Alkoxide pre-
cursor modified with allyl acetylacetone was hydrolyzed to produce an inorganic network, and
then poly(methacrylate) (PMMA) chains formed in situ through a radical polymerization were
chemically bound to the forming inorganic network to synthesize a hybrid glass. Several trans-
parent hybrid glasses have been obtained. The synthesis process was investigated by FTIR and
IV spectrozcopies, and the results demonstrated that acetylacetonate groups were bound to tita-
ninm{aluminium, sirconium) in the process of preparation and the final hybrid glasses, but they
didn't to silicon. The results of TGA showed that the thermal stabilities of these hybrid materials
were considerably improved compared with pure PMMA. Among them, the hybrid glass containing

zirconia had the best thermal stability,

Keywords: Organic-inorganic hybrid materials, Poly(methy! methacrylate)(PMMA),  Alkoxide
precursor.  Allylacetylacetone AAA),  Sol-gel method
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