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Bz OFERCERAZTHPHH TR
z—%

Wi KRR — R ERKES T TES
W OEERYHEYHEENE BEX pHE GBF .8
HENERERR TS L, (ERR & A st
R E A A A, BRI EE
i At EE Y EEMEEEAEF A
BN RIRT " Nozaki® S F AR A AA L I L
KR Gl 3AMES A REHEMERE VB
NEAGHBRNTHERGY. TBERAELS 746
GREJIEIR K THi AR RS A BB ST &
WREMNER N, N-—H 8 X Z B (PDMAEMA) &
H—KXEHHAEFRER pHEHRBRENS B
o BESRMEEATE RTINS NE S
Py o WSCAR IR . A Ol fe bl & T PR ST 4
W 4R BE B-3F WIS BR, 3F LA O SR 4 B A
DMAEMA #3B & 8T B fb A ) 28 156 25 48 70 ¢ fig
MR K EE L, [B] B 3 S5 g IR BE R AT T &
fE#AH3 .

XA P-AEE. PERER N V- _FEEIRE, pH BERHE TERIT R, KER

1 KEH4H

1.1 X#ES5EA

JEEE A FAER T WOQF-310 B ff 4T
SR HEAL, IR BE RN KBr IE K £ E Varian 2 A
INOVA-400 R B # 3 4z { ('H-NMR 7§ 7, DMSO-
ds . AR TMS, " C-NMR % /| D,0); 8 € Vario EL
MoTE . g-FRBIHE, sk T dedefb 2T (4
o), BEKELESBEK, 110CHE T4
12 h.DMAEMA ,ACROS = & . EHHE R EFLE TR
EEBEER; AERE, EEEI N st TH
Roae EHAMEER, AWEXE(Oha),
ARELRMK.
1.2 AEMEAMHEFENEE

G E AR 2 g(14 mmol ) M1 3 g KOH B T
250 mL K, T OCESBRP T, HEM 6 g(66
mmol ) N B R , B REZR FHEHEHZ, Ha
W HESE . N S0 mL ZBE % H, AT 0.5 mol/L
NaOH Bt 4 1K, P FH 2818 7k Sk B 1K, MgS0, T
M 0.5 hEUEH MgSO, BB KB IEBE .15
1.45 g(53.6% ) 4 520 32°C (MR {E " H 347C) .
1.3 B-CD3-AWMER

BCD4g (3.5 mmol ) 7 % 7 240 mL B BR £k
(Na, CO,/NaHCO, YZ s b pH = 11, 79 i B2 8} 7
HAEE0.676 g(3.5 mmo ) IEBIES mL 2, &
BTMAZ B-COZE i, M, 5 min /7,
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Fi#& HCl P FE pH=3,1A 50 mL Z BEZFE B
ARMMABRRAHEEERNERIEEER. AR
BKEREAOCTHERSEZE T, A TH A DMF
ERMENREY D ERE BREAREIEY 8-
CD-3-A FIARMA 3-CD, SRETER . ZIBE
EHKHREZ AgNO, B X NaCl R ik, BEH
200 mL KK R ERBEEEEL p-CD, AR KT H
BEHANMERES = B TR, ™3 21% . 'H-
NMR (399,75 MHz, DMSO-dg ) 66.30 ~ 5.85 ( m,
4.5H),5.76 ~ 5.05(m, 12.5H),4.92 -~ 4.26 {m,
14H),3.62 ~3.45 (m,28H),3.42 ~ 3.24(m, HOD)
X 107 IR (KBr) voceey = 1637 em™', w0, =
1718 cm™' .
1.4 B-CD-6-ABISH

B-CD8 g(7.0 mmol ) ¥ M TE 250 mL. KOH(0.43
mol/L)BH .7 0C T A 10 g(0.11 mal) A&
BA BREEZRTHHA 30 min, TEAR, E
WEMNVCTHRERGET HWHRBYBERE 20
ml. T4 H) DMF o, i sEBR £k , i v T P9 MR 90 0 ih
B-CD-6-A TR R B 8-CD, TG T, KT &
BHEBKER S AgNO, K3 L NaCl M ik S
MBERT 20l KAKFEEF, B LPEH 3-CD,
REGARNMIEL ™Y, BE TR, ¥ 62.5%.
'"H-NMR (399.75 MHz, DMS0-d, } 86.37 ~ 5.9i (m,
9H),5.81 ~ 5.06(m, 12H),4.92 ~ 4.27(m, 13H),
3.64~3.48 (m,28H),3.36 ~ 3.17 (m, HOD) x
10 ®5 IR (KBr) vig—e, = 1631 ecm™', v,—yy =
1718 em ™' .

1
OCCH=CH,
NO,
pH=11
(OH), Na,CO4/NaHCO,
(OH)y4 i
CH,=CHCCI
B-CD
NaQH
pH>13

1.5 XBRUNSH

H 8K DMAEMA %5 T 4 mL 2218 K %, M
HC! # pH =3, B #l4% 5-CD-3-A M -CD-6-A ¥4
— R E R B R b, 8] B o S (A
F A0 AR 530 Wi BE K 10.6 mg % E T R
P EE 20 min /5, IHA 27.6 mg T B EKE
WOREWS, EINCTFES 240 REEEY
MRRMEREKP, 2 h FHE - NEBK K
ERARYKEETERTTETEESG0C) T
BEEE.
1.6 FBHEcEMNZE

FREEMEKERMNERE AEERET,
HAKEEREBTHENNMR(EAHRAETEE
Flal pH HZE rh ¥ K EE AR 88 3R I ) o,
FHEK EEKF&ES, B B £ K
BEEMKG REER BERE=(W - W)/
W, Bt w, h TRMWER, W YEBEKF &S
KEEER I DES .

2 ZR5e

2.1 BUEBNABESRE

B 1 RFSDE SN KR 3-CD-3-A #1 8-CD-6-
AMSREBER N, B 3-CD-3-A 55 LMk
(1410 & BBE 2 B W & PFH & 1 84K 5-CD-6-
ARRHAEBBEXBHEREHT AHEBREE
BERE AL 3L B & M. 2250 K 52 W A1 H-NMR #8038 it
BH RS8R 1.5 f1 3.

BCDRHTTHERREL o1 4 WHESE
EMRATEEREEY HRATRACE RS T

(OH),

(OCCH=CH,),
B-CD-3-A

[
(OCCH=CH,;),,

(If|) m+1=3
{(OCCH=CH,),

B-CD-6-A

Fig. 1 Reaction scheme for the synthesis of cyclodextrin-containing acrylic monomer 3-CD-3-A and B8-CD-6-A

The data of n and m + 1 were calculated from elementary analysis and ' H-NMR.
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TR, R 6 BRI 2,3 (VBRI R,
B Ak 7 B9 5 ¥ S 32 B 50500 30 ok A R 0, 36 A%
RIS 5 BN M RE e, P R A [R]85 ) 99 1R B e 1L
B-C 38 1 P F AN 6] B 5 85 & LD, B 4K B-CD-3-
A BB ECS B mEAb R, R R s
£ pH=11 MBKE SR rh i W & 1L AY, T B-CD-6-A
REAFBBEE ABAN, 7 pH> 13 B NaOH 3
BE S RS R TERRGRE T =Y
RS EWAEK BT, pH AR E T FR B
FEMHMA/AN, Y pH=11, H 2,3 UmhBEEY

6

1

1 L J | I
180 160 140 120 100 80 60 40
8

pK, = 12.2°% R B RS TR ERE T,
HEZHRT 6 AR, BB EMEX
BE SRR G RN 2 5 T 4T 2,3 iRk
F&, Hi, = R R st~ , B 5-CD-3-A
(B 2" C-NMR i C2.C3 M1k 2F 1 8 36 2 8 ra fiK
%) S pH> 3, N AU HEEEFHNERE
T MHeAZEREBHETEFLAIERET,
PR, 7= 8 7 Bk fb 32 B R0 B 1) 45 2K R) B RE AR Y 7=
1.8 3-CD-6-A(F 2 " C-NMR & C2.C6 #91b2 fi
B BmEikE).

180160 140 120 100 80 60 40
s

Fig. 2 "“C-NMR spectra of evclodextrin-containing acrylic monomer 3-CD-3-A(a} and B8-CD-6-A(b} in D, 0

22 KB AR S RE

e BRI B (K 8-CD-3-A 1 B-CD-6-A ¥
—-EHERME (F 1), 5% 5 %1k DMAEMA
ERIAITRANWERED laTcflald B
LEMRE T HARM.

3 2 H{k DMAEMA . B-CD-6-A FILE 47 11
aELAMEIE, [T a BWILLAMFETE P I D AR TE 1637
M 1631 em™' C=C W Wi 2 35 2% | ) B 4 B 34 el
ST F T KR AR A%, 1730, 1467, 1155
em™ 4+ %] N DMAEMA %5 5 8 5T W C—0 .
—CH,—#M C—0,C—N K 1% 37 W i, 3442, 1036
em ™ RHFBIKEH 0—H.C—0 ARSI W .

2.3 pHEXNKERBKEN KR

FHEEFER N N-_HERLEHE -BH

9 8 7
A-CD-3-A R=R" CH,=CH—CO,— R"=H

9 8 7
pCO-6-A R=R": CHy=CH—CO,— R'=H

1 i | 1
4000 3000 2000 1000 0
Wavenumber (cm")

Fig. 3 IR spectra of (a} DMAEMA; (b) 8-CD-6-A
and (¢} [ a
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Table 1 Feed ratio and the copolvmer composition of hydrogels

Feed ratio Polymer composition
Sample 3-CD-3-A or 3-CD-6-A A-CD-3-A or 3-CD-6-A 3-CD-3-A or 3-CD-6-A
/DMAEMA (g/g) content in wt% content in mol % ~
Ia 0.3/0.9 8.5 1.2
DMAEMA 5-CD-3-A Ib 0.4/0.8 16.4 2.6
le 0.6/G.6 29.8 3.4
a 0.2/1.0 7.3 1.0
DMAEMA-3-CD-6-A Ib 0.3/0.9 17.2 2.6
Ie 0.4/0.8 25.3 4.1
ild 0.5/0.7 32.3 5.6
" Caleulated from C and N content by measured elementary analysis
HTHEMmE YEEROT NS HETHEARES
| TV 00 pH (8 EF 15 56 0o R T 00 8 F R o . =l
BEEXZE"H: — 1
1 301
o HIEEE, K, BB ¥ 5. DMAEMA @ pK, = £,
8.44' HBEER L2 WNXHFE L, DMAEMA 2
WETHRERBEEA pHT. 4~ 10.4 TTEAHR 1ok 3
—RERAE . LB DMAEMA M8 ITH (N,
TRFIKERERA, B A TARE FEMA#ER pH
ML THNT B FEERTER pH & 2F
BN & T 5 R BRI 5 KB T
W EARKENL. (8F
Table 2 Degree of dissociation of DMAEMA with respect to pH{Eq_.1) E
= L
= 14
pH Degree of dissociation{a) :E
B
= -
6.44 0.0099 @ 10
7.44 0.0900
8,44 0. 5000 or
9.44 0.9091 b
10.44 0.5901 7.0 8.0 9.0 00 110
1.4 0.999%0 pH
12.44 0.9999

HaBKERK la~ [cfilla~ IdEFRE
pH {2 iR BT RIS BT A, B KB R ) 2%
CEALE - RREL EHREERERYE
5 Bl 28 9 = BR A0 47 o U89 pH (A 2 B B Y
pK, - 1) pK, 4+ 84 :8.5.8.5.8.4( la~ [ o)
f18.8.8.8.8.8.8.8(Ta~ 0d)y. MXFFHFII]
LLE AR R & &3 H pK, s2md A K, A ]
FEH B TR ARG o B Uk 3 M BB K B B Y pKa )
R mEAE 3-CD-3-A S KEER [ a-
Ie,HpK, (A8 pH RS YK TH 3-CD-6-A &

Fig. 4 Influence of pH on swelling ratio of 1 a~ [ ¢ (a)
and a~ 0d(b) a25T I =0.1 mol/L.

R KEERE 1 a~ 1d. K807 R, KB BN
AT A 4 F e E B K LR )
97 DMAEMA S HI BT (N N-_FEH)Z
HER—TBOKEER BRI RBHEEE
SR AWBEHETHBA EB(N, AT
FEE) CEMESHEBETHREEUSRER
HESHEKETEHIER. BB T (N, N-Z
BE )2 RSKSTEMHEER Ak SFR
7B Y P TR A SR . el T 1A 5-CD-3-A B9
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WA R TR = 8y s — W, 1 3-CD-6-
AN THREMESEARM, H g-CD-3-A I
B/AF B-CD-6-A, AT AT, KEEK [ a~ [ c 5
Ta~ TdHAEANEBEAREKHWZKERE, B3+
()% (] B ¥/ N KB [ a~ 1 c BIRIES
WE B SR K 4 F R VE A1, o (8 7 Ak i R A
T i) pH EE A B m 330 .

B Bn KERWTEHBEREBASIES
ki BRI TR RO , % R i MRS 1
TR RN, K B R S B K BT ORI
ZR GHERMARAERENERESTE
KGR [aflla. Lb#Ib & F&ESEK
B RITEHE 8-CD-6-A ERBKER Tafll
bHFami P HE K EY N TH -CD-3-A §HH
laflIbH&, XREER B-CD-6-A MH KB
REHAMSBUKER TS EREXATERN.
24 BEMKEERBKENTMW

RS b, DMAEMA G5 B ITTH (N, V-

“HER)CERBEAKBRAFTHEARERTSKERSL

12
- la
a —e— b
10+ —— Ic
- 8r
= >
E
g 6r
E
= 4
]
2+
0 a L 1 1 i
20 30 40 50 60 70

Temperature ("C)

HONBEEA SR -EHE SREREEIES
FHEAKBARE AN FRER GRS B S
EKER La~TcHQa~1d7E pH=10 ME W
BRTEEMEEKRTIOERE, MEKERE
0~50CHEMHA—ERZTh, AW EBFRR
BRVFERKHENERTT P ANBEEREZ
KEKMHEETRE MAKER [a~ T lla
~ [d KA ERE T A 34.37.40C(Ta~ 1
c)f37.38.4547C(Na~Md). EAFHARIES
T HEFBBRESEOEN, KRN
THREAR AWMU RZEETE XEH FHEER
MRS EOEN HAAKREEHE A, FHEMETE
FAZMERE . 750, FEZ T HE LRGSR
I REI , 33 P 7 B K O e ) R RN R R R A
T pH BURSE LA T, BIKER Ta~ 1
c MERHEREMX FRKERTa~ 1dRIE.
RN RP BEEFRERFESKHME
BHEER Bmtg A EhRETEmMSIEN
SRMTE WS R T S B K B R B R

]k —&— lla
——IIb
—a— llc
T —a— IId
z 6F
E
g sk
3
Z 4tk
« A
3_
H
2L
b 1 | | |
20 30 40 50 60 70

Temperature ("C)

Fig. 5 Influence of temperature on swelling ratioof [ a~ ] ¢ (a) and Ja~ Il d (b} at pH=10, [ =0.1 mol/L
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100
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[ TV [ S [ e T R 1 L 10
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Fig. 6 Influence of ionic strength on swelling ration of Ja~Te(a)and Da~ IId (b} 25¢C
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2.5 BFEBEXARRBHENTW BB T PR A R4 0P B B2
Mo RKEER Ila~ Icfla~Md7E25C  WIHES, LA OD B0 50 B Y5 DMAEMA JEE w75 5
Af, A TREMN NaCLKBBRTWEKIT A, TRSHWHESE -ARDESEMETHIEY, B
FEKEROBEKENBE FRENY KM BKEEMES pH BE L& 7R ESURYE B
AR RIS TEMMRE.E BRMESENN RSB EERE TR R
HIRAFEIMBOKER AMERT X2 TE  FRSHMHAGR -0 KERA R
RIS ERNSNEEET . [5] X 38 BT By pHL 8k A FA LA AR IR
g5 1 FR PRI s (B S8 #e 3E 10 9 48 8 30
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SYNTHESIS AND CHARACTERIZATION OF NOVEL HYDROGELS OF
POLY(DMAEMA-co--CYCLODEXTRIN ACRYLATE)

HUANG Yi, FAN Xiaodong, HU Hui
( Department of Chemical Engineering, Northwestern Polytechnical University, Xi' an  710072)

Abstract Two kinds of g-cyclodextrin { 3-CD)-acrylic monomers, 3-CD-3-A and 3-CD-6-A, carrying the acryl
groups were synthesized relying on their reactivity of different hydroxyl groups in cyclodextrin. “C-NMR spectra
indicated that,for 8-CD-3-A, acylation occurs at C-2 and C-3 positions of 3-CD, and for 3-CD-6-A, the acylation
occurs al its C-2 and C-6 positions. Two functional hydrogels were synthesized by copolymerization of #-CD-3-A and
BLD-6-A with ¥, N-dimethylaminoethyl methacrylate ( DMAEMA ) using & redox initiator system in aqueous
solutions . The hydrogels were characterized by FTIR and elementary analysis. The equilibrium swelling experiments
show that the hydrogels possess pH-, ionic strength and thermo-sensitivities. However, due to the difference of
monomer structures , the physical properties of the two hydrogels, especially their swelling behavior in response 1o the
external stimuli, exhibit certain difference. It is reasonable to assume that the structure of 3-CD-3-A in its hydrogel
is more favorable to initiate hydrophobic interactions between dimethylaminoethyl segments and hydrophobic caves in
3-CD, as a result, reducing the hydrogel’ s transition points. It can also be observed that the transition regions for
both hydrogels shift to lower temperatures with the increase in contents of 3-CD-3-A or 8-CD-6-A.

Key words  f-cyclodextrin, N, N-dimethylaminoethyl methacrylate, pH-, Ionic strength and thermo-sensitivities,

Hydrogel



