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 E UANBENECERES S-REERN SRS FTRABLENAZ R p- 3R MM, kit &
B EN, RHEFEBHHBEATRP) SIS P ERSE VN P HEZE(DMAEMA )RS, BRBER pH &
REL - FME A EWEREESY B35 %% . CC-NMR. H-NMR MIEC R B E 0 E T BiL/a8 g-
R, R A S H-NMR. TE S .DSCRET U - FHMES FREANEERTFERSER
N N-—HEEEZEMASFER EIABRFREURSCYKERAGADKRER pH S%H.

X@A PN, FTEREME NV _PHEEZE, BERS T, BER pH 8281

3-5F W1 45 ( 3-Cyclodextrin, fi §% 3-CD) & —1
T RREEEALEY. AR BENHK ESNERK
MEEESEE USSR EERLAYERES
Foap!" EEHRR . AINER . AW ES
S FIRAET SR . - A ER 2 FiLE,
RHMSNAEFHE EERCBHAMRR
Bz Hep U S AHEIENEREREY
HTRAWREEE, & 2XE" " RPEHE
BN, N-_H &K Z B (PDMAEMA) & —f AF
HEEM pH BRAENE S T, FERTRE
HEEEKENRER KEMBKERRER
A, YA FE U 2RI R SE, A
SHESTHESWEL . FU - HHRESTHP
CLEBEEETHREAREM pH BEHREN
PDMAEMA, AT 4 i@ if X ST e tE @ 40 T K i
H - A EREEYRNEE SRR, ATELE
WESXMA¥ESEAE EMMANT. ATHE
FAAEAAEBENELBAS -3 RN, 55
ARBALEREZ B -3, DL Zh e {k
SR ENXARTFEBAAESIXERAS
MNN_HFEEZHBES . HEEIEER pH
R - IENERESY. A RBE
R o FERmE 1R,

1 BB

1.1 R NE

AOHFE® BN N HE X 72 8
(DMAEMA) , F& A Lot st & A ER T &
TR NS - Mk bR

(AN, B KELFRBEK, I0CHET TR
12 h; \Z B (CAC) b2 8k, 123 b 5
TEALESR, adrel, R ERAT ;2,28
MEBE (bpy) , s #r 4, EEEAMN—T N, N-ZHE
B BERE (DMF) , R ¥R RREAR N2
e, BEERER.

B pH iH(PHS-3C), S BN &
FB(HFE10000), EXEYTRAF B
S, b TS WQF-310 B i
% KBr A, W& T 400 ~ 4000 cm ™' ; B REE
#4Y , = E Vadan 2> 7 INOVA-400 %), H-NMR #1
“C-NMR B H¥1% D,0; T E 4L, BHE Vario
ELI Y ; %40 nf 40 0 AR, JE 3 A 2 =] UV-
1200 B, 2 E TA 4% a) 3 2 DSC-2910 & .

1.2 WZRit p- MmN E R

5g B B-FFMIKE A 30 mL 9 DMF B3R,
RAeBR - TRNFZIBAY 20 mL ¥ DMF
BEHS,ERTUE 15 #/min 897003 E A
BN - B DMF B, TN E BT
SOCMM TR M 12 h, RMB =Y ma
KEFMERT AW TRZTHAT
60°CT 4R 24 h, FL/SFI 30 mL FRES B8 (KB
L p-AMIR AR TR, dJREEEMN KR
AR, Y TEZS THRET 60C Tk 72
h.'H-NMR(399.75 MHz,D,0): 85.03 ~ 4,.88(7H,C
(1)—H),4.84 ~ 4.67(D,0),3.91 ~ 3.66 (21H, C
(3)—H, C(5)—H, C(6)—H),3.66 ~ 3.60(—
CH,C1),3.59 ~ 3.40{14H,C(2)—H, C{4)—H);IR
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Fig. 1| Scheme of preparation of star-shaped PDMAEMA with a 3-cyclodextrin core
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HFREZEL 3 AMEES3~-Smg BEE
M EREBEP,LLI0mL A 1% A ELHMIH
H,0, A S K e a2 2 d R e R
HAFEHESWBAEMT R REETRE N
WE ITHETHIS oL BEKHRET . HE e
FIE BE 4 TR S VA& ¥ s B K0 4 Ik LA IR &
B H,0, . ¥ &) )5 1 E 7 B 4% /R (Mohr) B #47,
EPHERFEEBER T, L KGO, B AN, H
AgNO, R BT TR EHS T ET
ENEE.
1.4 HBTHEABNEREREARR-N,
N-_RAREZHERAHNER
HFEGERME LB 8- TR T 4 s DMF
WP, BIARAEFE 2,2 - BKIRE, 75 T4

fEJG A 4 g ) DMAEMA 4K 5 5 4% <. 10 min,
MEZ 10min, RE 3 WBRR . RFALSREFHR
WHER KETOCHBETRM 200 BE59H
ENRET 2h. BN HR TR, . BRER
SFRBTOCT TR 72h Z2f6H.
1.5 TROFARERBS FENIRKE
FHATEANGEREIM N CLESE
HEMTEE 1L 2)RTBIE> FRERE
ff] PDMAEMA RS E . 1 FO M LA 5-CD Bk
ERHETEERST FH XS AT LESAE
EESTFIHIBELE.
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ARSI N TESE; W S TETHH C
TREIR; d WA LBAL - R HRBORELE 42
£ p-FMEEN C ETF %8 & DMAEMA P C K
FHAME REAIMARNEHMBAAET C
RF.
1.6 DSCMEEBREST T,

X 20 K/min Ft 3 3 M - 50°C $j 200°C 1F
DSC 7rHf HAER T,.
1.7 ST IR 43 36 B (LR LCST

FREE ] I 43 5% o BE AU 2 B IC 550 nm B9
BEE A S A E R Sk AME R KR
WISk E R RS ER T HEHR KR DERERE,
BB AR E R KB FHRER
F1K/min. #4 pHEMBEELEBRINEHET
BRI 2 mol/L 3K HF NaOH K ST HL . LISk
EIFHEEMIRBL & LA LCST.

2 ER5iFie

2.1 WMZEeiL B-FRMMN & R

2.1.1 B A LB p- AWK SR ER
ARARNEIBES p- AR NG . BA&
RN EEMBEE L 1.3-CODRA T TH
BEREL o-1,4-B8TF B 8 MR M H = HRE
&Y T HBTRB RS FRRAREE, Bl 6 fi
RIEEREM2,3MMMER A~ DHEHA
X % 52 R KT 35 A 0 B L A 2 3R OB R 48 O
Mg .

Table 1  Parameters of §-CD-3 and 3-CD-5

Feed ratio  Product Acylation degree
e Synthesis Sample
I
Sample 5 (D CAC. condition 7' sate ) By
(wi%) titration |
{mol) (mol} . 'H-NMR
analysis
B-CD-3 1 7 BOTC,12h 36.6 White 3.4 3.55
B-CD-5 1 10 80T.,i12h 18.8 White 4.45 4.33

2.1.2 HEHLNE M 2 & p-CD &4k
EM MG R B-CD-3 F1 3-CD-5 B4 S, B,
FX 3375 cm™ R B-CD H—OH W 4E IR 305
2930 cm ™' 4b 3 —CH, B 5 3 F5 i 46 = 20 R o
1157 cm™ ' ,1080 em™ ' ,1035 cm ™' B 7R B-CD P C—
OFf C—0—C B4 #&5h; 1630 cm™ ' B L H 3-CD
AR PN SR B R 2 2R
BIERRIRE 3-CD-3 I B-CD-5, %} L sh SR i s, K B
#1716 e ' EET — P, HE K C=0 Bk
SR e , RSB R ARERA, 8-

COEEMmERINELL TixER.

1716 em™

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’])

Fig. 2 IR spectra of 3-CD, 3-CD-3 and B-CD-5

2.1.3 BRILELE B3 REAIBL 3-38
i H NMR 5B, AT SR 5ERT R
AR X R M E B A 3 el LUR Y, B-3F
WS THHETHEF o608, ek
B363 T -1 RE AHEHTABRILE—
CH,Cl EM HEF ,iXthFRHT B-CDINELT

EEA .

Fig. 3 'H-NMR spectrum for 3-CD-5 in D;0

a4 EFE B p-IFBIKE " C-NMR 1§,
ME 4 A RIEH C-1.C-2.C-3.C-5 # C-6 M1L
2 BRBELENRE. -2 TP ERK
FrrmweasEmibEm, £°CNMR PRk
$UBRSBEEG MEHESRETFLEANERER
H e AL B2 , T EL P C-NMR i 4k % 60 B & 85 ii)
B AEATRT R, C4 MALEMNBER KL R
B, XEBIEAASK C3 BE RERLIR.C1,
C-3 M C-SLFMBHIBE &S, XRAT EM
A C2 ) C-6 FRZERLE TR N, i
B c2 M C-6fbEMBHIBEMKE, LRI
TX—& B, “C-NMR BB, - B H
BAb R & S-S kAR RN —
kPR E E.
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Fig. 4 'C-NMR spectrum for 5-CD-5 in D, 0
2.1.4 RZBEAL p-EABIBEALIE B4 5
EBAEEREORETS, UAR AN A LB
A 58-FHER ] ABARBS RN A LR

1k g-3A 8N , BLRLAL FL p K AR 1 B- TR B A AL
BAEEM _URMEREE, A TEERHILRE
HEEE , RNAW I EE#HFTTHME. - £XA
BRREETBEE LB - . ARREN
EHESE, 2RI HNMR EE P HILiEE
HESH . A FENREERRE L, TUES
BT ENSEREBEEL SHEBREE T M
FE IR R ) 3.2 Al 45,
22 EREREREBR-N N-"ASEZIHE
SMNESHEMERE

2 PDMAEMA 15 M2 UA L Bik 3-3F8
¥aslkn, At TEmAELA,2, 2 - Bt EA
R HITREFRBEEHEARS KB . EaY
BRI HNEK 2.

Table 2 Feed composition and polymer composition of star-shaped PDMAEMA ~

Feed ratio Polymer
Sample DMAEMA/Z-CD-3 or DMAEMA/3-CD-3 or DMAEMA/3.CD-3 or Average number Average LCST(C)
B-CD-5 (glg) B-CD-5{ mol/mal) 5-CD-5( mol/mol} of arms arm length
A-CD-3-pl 4.01/0.20 176.211 197.1/1 3.2 9670 34.4
B-CD-3-p2 4.01/0.40 88.1/1 180.3/1 3.2 8850 35.3
8-CD-3-p3 4.00/0.60 58.6/1 166.6/1 3.2 8170 37.1
B-CD-3-p4 4.00/0.80 43.9/] 159.4/1 3.2 7820 39.2
#-CD-5-pl 5.60/0.20 265.211 291.6/1 4.5 10170 34.8
3-CD-5-p2 4.00/0.41 91.9/1 193.1/1 4.5 6740 37.0
8-CD-5-p3 4.02/0.60 63.1/1 162.1/1 4.5 5660 40.1

* General condition of polymerization: 3-CD-3{or 8-CD-5)/CuCl/bpy = 100/1/2( molar ratio} ; 80 “C/20 h.

2.2.1 BEMLIEE MBS 5 FA] WL, ELER
Wi 8-CD-3 N5 Z MM EE =Y a b il B AT Lk
EHNET] K B A ) PDMAEMA, %5 A 30 43 32 i #5
TE-H.XXVUAMMES P RASGHREE
A —F0, Bt T LIRS 3-CD-3 h3l kK
MeR FEB B ERSBIANTYREE
PDMAEMA . 5 48, WD 5 B it R BRLLIFHINE 3-CD-
IAB AR ES YA 3400 em™' (3 3400
em ' BRHRE B-CD —OH K84 30 ) B in &
WO A 5E L AR JESI A R 5 1 PDMAEMA B R
B3R, 7E 1630 em™' (P 1630 cm™ ' BT fEH7 4 B-CD
i ¥ B TE Y5 IR 3 0 R Wi ) B A 1R — 1
B E TR RS B-CD-3 & B A3 i 5 K, X
BEATESYIABHERNTFE.

2.2.2 HEREIEIREIE £ HEICER[13 ~ 14], 8-
CD-5-p2 AY'H-NMR Z @ LR iZ B h K iEwga Y
PDMAFMA WA P EE MM X R (WA 6 P
R),HTET PDMAEMA B4 T ENHRE
2 DMAEMA 54, 4 it R 8 |7 3-CD-5-p2
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3.5 ML A M/ T I A g, AT 0 -3 W
WHHE,HEAT - IR ERSOPE AL
BlARS iR E B REE P AR E .

QOB T YW
ENG VT N\

-1
3400 cm”! 1630 cm

1 1 1 1 L i
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’l)

Fig. 5 IR spectra of star-shaped PDMAEMA with 3-CD-3 core
(i:IR spectra of linear PDMAEMA by UV-irradiation}
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Fig. 6 'H-NMR spectrum for 2-CD-5-p2 in D,0

22.4 HAOWEI Al 7 & & )& PDMAEMA
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RBEFAKE WNE 8Pl YREASH
¥ —{Hrf, EF PDMAEMA MK BB X R ER
B ZERHABNERBRYLE ELR
PDMAEMA 7+ T & # R B R A F K EHHE
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Fig. 7 DSC thermograms of star PDMAEMA for §-CD-5 (a) and §-

CD-3 (b)
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P B-FAMAKE M 4%, 4R &) PDMAEMA A X H#METE
B TFHEE#REESINMENTR. &
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MEEEERL— pH ER SR T, "B U3 pH

ERERYE X ER N AEERE T, pH A K2 oor
flo 2o B A 1 R AR BT K O £, B £
BUKS & L AR, AT S BB 4 F RIS 1Y g oor
AL, F B pH BURY . S, ETE PDMAEMA X g or
B ER I, pH USRI, B PR 5 S KB £ 0f o popen
XF LCST B 5 mg — 2. 0 —— A-CD-5p3 . :
12.0 12,5 13.0 13.5
il el e vs il
& g0}k —a— B-CD-5-p3 Fig. @ Effect of pH value on transmittance of aqueous solution of
%’ sol star-shaped PDMAEMA at 25°C
£ tor 5 FFid, RAARARRZBES 3-5H
g 20 15 B R R B AL RO S 2 BE L B MIREB1 R
of Twatiees e AELETHEBA M ERSTEBATE TG KE
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Fig. 8 Effect of temperature on transmittance of aqueous solution of
star-shaped PDMAEMA
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SYNTHESIS AND CHARACTERIZATION OF THE THERMO- AND pH SENSITIVE
STAR POLYMERS WITH A RIGID CORE OF §-CYCLODEXTRIN

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

Abstract Two kinds of chemical modified 8-cyclodextrin( 3-CD) with different acylation degree were synthesized
relying on the content of chloroacetyl chloride agent used. The structures of 3-CD with different degree of acylation
were characterized using infrared spectroscopy, ”C-NMR, 'H-NMR and titration analysis . Infrared spectroscopy and
“C-NMR indicated that acylations occurred at C-2 and C-6 position in 8-CD, 'H-NMR and titration analysis
suggested that the acylation degrees of 3-CD are 3.2 and 4.5, respectively . A series of star polymers having different
average length of poly ( ¥, N-dimethylaminoethyl methacrylate) were synthesized by atom transfer radical
polymerization ( ATRP ) using anterior acylated 3-CD as the initiator. The branch chain structure and their
compositions were characterized using infrared spectroscopy,' H-NMR , element analysis and DSC. The star polymers
prepared here had a hard 8-CD core with the potential to form inclusion complexes with certain small organic
compounds, and also their aqueous solutions were studied by UV spectroscopy in order to explore their thermo- and
pH sensitivities . The results showed that the novel star polymers exhibited clearly thermo- and pH respondings in
accordance with the change of the environment.

Key words f-Cyclodextrin, Poly( ¥, N-dimethylaminoethyl methacrylate), Star-shaped polymer, Thermo- and

pH sensitivities



