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Preparation of B-Cyclodextrin Polymer/Titanium Dioxide
Inorganic-Organic Hybrid Materials by Sol-gel Method

WU, Deng-Hui GAO, Zi-Wei* GAO, Ling-Xiang
ZHANG, Cai-Yun WANG, Gao-Feng
(Department of Chemistry, School of Chemistry and Materials Science, Shaanxi Normal University, Xi'an 710062)

Abstract Inorganic-organic hybrid materials of P(CD-co-AA)/TiO, were prepared by sol-gel process, and
in order to introduce the chemical bond between the organic polymer chain and inorganic network of the
hybrid, the carboxyl functional group was introduced into polymer side chain by copolymerization between
allyl-5-CD and acrylic acid (AA). The results of solvent extraction and FT-IR show that there is the chemi-
cal bond between the TiO, phase and the polymer matrix of the hybrids. The hybrid materials were charac-
terized by XRD, SEM and TGA, while the results indicate that the TiO, phase and polymer matrix were well
dispersed evenly with each other. At the same time, it was found that the TiO, content influenced the struc-
ture and properties of the hybrid materials. The hybrid materials acquired more excellent thermal stability
and the intermolecular regularity when the content of TiO, in the hybrid was 60% (w).
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1.1 RFNESUEE

I TN JE PR MK (allyl-B-CD) 4% M S ik [12] & %
Ti(OC4Hg) (TBOT) A T L2 21AF, 51 &7 2,2-fH%
TR TR (AIBN) &5 A A, 9 T R IR (BrCH,.CH =
CHo)& oK CaCly T ZABIR AL, INIR TR (AA)Z %K
ML BRI, —HEH B (DMRZ CaH, T )5

FT-IR MR FT-IR-450 LT AMGIEAY, #EL S
KBr B AW 4 & il i 5 24T Mk, XRD 43 # % A
RigakuD/Max 2000 PC 4> 3l X S ATt (H A%
2Avwl). RITEHI 73K H] Quanta 200 544 LB
(fir == Philips-FEI A #]). #daE e #rK M Perkin-
Elmer TGA7 B HTAX, 78 N/ UAUR, Wi i = Tt
% 800 C, JHiHZ N 20 ‘C/min.
1.2 Ze{k#1#} P(CD-co-AA)/TIO, BIHI &

= FO NN — 5 &1 alyl-8-CD, AA, AIBN A1
%51 DMF, il N, 10 min &5, JLRA 24 h, JTFEEAEE
E YRR NN SRR Ti(OC4Ho)s, PEFEAT VI T
YA, SRIFHEAT HC, HoO [ DMF U Z R &4
VI, RIZIEHE 30 min, 55RO, K
BB, BERE B S ECE 3 d T SR BRI, 3

T R TRCE 2 20 d a3 2B SRR, R P AR A TR
e s ) HoO il 48 h, B 22K S (23R 5 ) Rl gk
B, 2 Ja T N H AT 24 h, 13 aE Y
ARBELE. S SPEHIC EE 5 B B2 A LA 1.

2 HR5WE

IRIRE SRS TCHLEAY) TiO, M2t R —
ZAMERR, SN 1 Fros. 2R AT A
BRI PE BEA AR KB5S, 0] T PR 58 5
Y s TERE BRI M S I AL B, RS WA S T
HURZ A BG5Sy b i T sl fe e — MR
B, RPIREWRE RN Z, PRI, KKEE.
Ti(OC4Ho), M52 AR 2 0 v di 12 B 5w DA 3R
ES N iy p R S U LN RS R N RN v B
WIPER R R E TR AR IR KIS Ti(OC4Hg)a
R (3R 1), A SCK B ZNS TN A o3 1B AR
PERER S .

# 1 ZEAEL P(CD-co-AA)/TiO, il # 2

Tablel Preparation of the hybrid P(CD-co-AA)/TiO2

Material® Ti(OC4Hg)#/% Product description Gel content (w/%) ©

A 100 Transparent 96.8
B 80 Transparent 90.7
C 70 Transparent 86.0
D 60 Transparent 85.2
E 50 Liquid sol —
F 0 Light yellow solid —
G (b=0) 60 Opaque 66.5

& Reaction conditions: AIBN=0.1% (percentage weight ratio) of vinyl mono-
mer, [Hz0]/[Ti(OC4Hg)s] =0.15, [HCI]/[Ti(OC4Ho)s] =0.25; ° [AA]/ {[AA]+
[Allyl--CD]} =0.1. © In the hybrids after solvent extraction; solvent: H,0O;
extraction time: 48 h.
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Figurel Reaction scheme of preparing the hybrid P(CD-co-AA)/TiO,
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Ti 2RISR REICER, MR SRR AL KL,
Wb, SR B R AH EAE F oAl vT R L BT R
2 Jy LY P(CD-co-AA), Z:1L#1 kL P(CD-co-
AA)TIO, FITiO, KL A, W] %1 P(CD-co-
AA)RIZE AN E i 1 75 1036, 1156 cm L4k H BLERRIIAS J1s 14
1 C—0O/IC—C #&IRshEM C—O0—C MIh&idkshik,
fE 1720 cm AL BRI P gE PR shik, [FAIRF/E 1645
cm PR IFE I C=C M4 shig. Bkl %0 alyl-g-
CD SNMIR KA T IR, HILEY) P(CD-co-AA)MLL,
FAL A RHEAE 1036, 1156 cm™ Ak HY B FRRIRS 1 44 o
C—OIC—C & PahEf C—0—C HIih4gidRshig, it
B2 P RMTE R B T ORIORS I s AR 4. 0of bl [l i it mT
B, ZAERPRAE 1720 om M AR LR E C=0 AR
SRR gEdR SN0, M2 4 1650 cm i, Haw T
70 cm b REAMEPERIE LS Ti RERS, X5
BR[ L1410 ) g5 R — 8 BT A s R I, 2
WATEIE 1549 cm * A BIL—Fr g, 2% SCRR[15] 1R iE
AR Ti—O—Ti M gadiesh Wi, PRk, 74k

Transmittance/%
j

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™'

B 2 TiO, (a), P(CD-co-AA) (b)Fil P(CD-co-AA)/TiO, (C)ffI4T

AR

Figure 2 FT-IR spectra of TiO, (a), P(CD-co-AA) (b) and

P(CD-co-AA)ITiO;, (c)
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Figure 3 XRD spectra of TiO,, P(CD-co-AA) and P(CD-co-
AA)TIO,

A—TiO,; B—P(CD-co-AA)/TiO, (80%); C—P(CD-co-AA)/TiO, (70%);
D—P(CD-co-AA)/TiO, (60%); F—P(CD-co-AA)
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Bl 4 P(CD-co-AA)ITiO,, TiO, Fll P(CD-co-AA) 4 H1 55 &
Figure4 SEM photos of P(CD-co-AA)/TiO,, TiO, and P(CD- co-AA)
a—TiO; (A); b—P(CD-co-AA)/TiO;, (70%) (C); c—P(CD-co-AA)/TiO;, (60%) (D)
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By, 25— RE A UL BT AORIER TR B HO 75 52 # T
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AR MR RS S RIS G, B TRIEERK
BRORB I EE ST, OB D thERE W& R T A
S HRA RIS 2, JLRIMIR K & T AR
B, C. DILARE D 1552 FA R FE A1 48 45 1 /K 1) e 2K
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Figure 5 TGA spectra of P(CD-co-AA)/TiO, and P(CD-co-
AA)

B—P(CD-co-AA)/TiO, (80%); C—P(CD-co-AA)/TiO, (70%); D—P(CD-co-
AA)/TiO; (60%); F—P(CD-co-AA)
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BHHILRDI R iR BRI, 24k B, C, D 1k
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X T AR B R I TE LI S R T RS
i F)38 Bl 11 AR PR T e 79 B4R 8L R AN
Bl mT kA R D R i B2 LEATRL B, C it 30 C,
XA REAE T ARL D A HLEHL AR 23 A 345, TohLM
S EREW R TREOA N, 2R SR A
MRS )52 2] TiO, JCHL MY 2% 17 R 58 o ™, A
PORE D 2R G 0 075 S v R S . e DL B2 ]
AR R P(CD-co-AA)ITIO, FIHEE PERE S SR
AHEEA IR IS . 2 TiO, (175 &k 60%I, #4 k1 #4
FasE PR T30 J LA b A )

3 it

3t allyl-p-CD 55 AR IR I L 2R 15 BN AE PR A 2
TSI, T LIS A L A B AR AE I P(CD-
co-AA)TIO, AHL-TEHLZE IR EWIREL. Pl i) 2 e 4d
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