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(PEG1000, PEG6000 ) , i#F O 4> %% ; = B8 W 48 ( Sn-
(Oct), ), Sigma v ¥, S B 95% ; F B TS5 B E&F,
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WERAKGEBAMNNEBAIRZ _EEER
& A 67 mg KR Sn(Oct),, EH 10 h
JEIMA 0.24 g K& IE R REHMA 3.08 g B
EFIEME,ERRN S h R HEREEERAEE
WHPE FMAKBITKZBIUE, Mk, 73
HEkk 21.95 g, R 8% REHHERT
FHED BEXAKZBBECRMBESERNER
Bk 2: DULEE, g BN ARBEREAR
STRETTREEE, WKEHEL . BAW

KA FHKICHE M6KLS . B B & B Z LA
BHR s RATHRIERS FRELEKPRE R
YSfRYE . FTIR (cm™' ) : 2889 (CH,, CH, ), 1759(C —
0),1109(C—0),1643(C = C) ;' H-NMR(8):6.20
(s,2H,H—C = C),5.63(s,2H,H—C = C),5.17
~5.20 (m,8H,H—C (CH;)C=10),3.58 ~ 3.74
(m, 545H, OCH,CH,0), 1.97 (s, 6H, C = C—
CH,);1.51 ~1.60 (m,30H,0(CH,)C—0). &K
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Scheme 1 Synthetic route for the macromer of PLA-PEG-PL
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20% )R KTERF «-CD A KB, EPEE—
TR S, BA 10 mn, BEH BHE, B HETR,
AESTRAC)EEINRERR . A TETS
W, BB XM(12]EERE 110 HET
PEG1000 1 o-CD T A% 84 0 F R HE 48 4, 1T4F 1K-
10CD.

1.4 B@kERNH&

BH—FWEN NIPABRR.RAEMAER
MEEREERSEE, AR MAGERRESE
(100 mg 2,2- —HF AR 2ERXFZMBEMT 1
mlL N-ZHEHBEE) BEHSREARNUR
ZHERE(HEAR 20 m, % 3 nm) T, RBE20W
i AR T (JE K 365 nm) T RS (HREREITHE 15
em) , BERETVETE B, & RRBFL AR 2 T .

WIE R KR DMSO B 3 R, BR#%
—REN,UBERREMBEERE HEN o
CD 5B eik REWKERAE TV CTFREET

B4 h, BRA OCHEBRKPT REBWRIX,
HRB\A—K, B EWEEMSE K DMSO. K
MK TFHRE - CDAEBRYEE BFES
FHERE,HFITRE.
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NIPA 5 M6KLS HIEE/R L fE XX H, RATH & T
FRL MR &3 M R BB KB, W HE
XM6KLS-m . [ Bf, B L G ZREH&T
PNIPA ¥ %Y.

1.5 RIE

FTIR i % A Shimadzu IR Prestige-21 FTIR
STHNYEIE A 5E , KBr JE H s 'H-NMR & A Bruker
ARX 400 B RE{L I %2, UL CDCL, fEW R, A BEik
2% 4T ; XRD 3% A Panaltic X’ pert PRO X-§1 &£
FHUME , Cu Ko X-FTEEF (K 1 =0.154 nm),
NBAENE20=4.5~50°, R 4LAT b [EF R
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Scheme 2 Preparation route for thermosensitive and supramolecular structured hydrogel

AR 40 kV.40 mA, HH#HEFE N 26 = 0.0017
()/s; PR BEAH A TA 2000 B E L, F
JB L A 20 K/min, N, #£37 . GPC {# Ff Waters 2414
BERE 5, AR SARMEAREE , U & wk W A i Bh
.
1.6 BRERESEUNE
BR—FEBEWEE(BEEXN 1 mm, H# 10
mm) ,7E 4OCH EE TR FEEE ,REHRN »n,. AR5
A_HETHM(OMSOREMIE—X, BTHRZER
HBEN m, EREESB(W )N TE.
W, = (my/m,) x 100% (1)
1.7 KERBHK
REXE (13, 4], B TFREFE(W,)HNTF
BN pH=7.4 WIBEBREL S b ¥ WK (PBS) P, B
BAKER AFREVRE,.BR - ERE,
FBERTREAAKSG FRE W, WRKEA,)
BTiE:
A, = (W, - W)/ W, x 100% (2)

2 HREiITR

2.1 ROFHEHEAENEREREYBS FEAKE
BB %l &

KA FEENSEBLENER 1R . FX
B % ¥ #) PLA-PEG-PLA #t Bt LB CiEL HE
BB A A A AR R SR
Hubbell ~ £ A AL FREIBPTFES
BiIERMEBRERE, AR —HERAHEE
BTWXESGHMEENERBEHNK PLA-PEG-

PLARSFHRE RMEFRELILRZ LM
H| Sn(Oct), WIEHA T ZAXHEAARE L
B PLA-PEG-PLA = BRI EY , &0 —E ot 65
AR MAKLIE BN . & R BB AR R
SrER AR b B L TR IR PR BT #E 17 3 i 52 18 BP AT AR AR
RoOFHEE REPHBRMA=ZHE, WE—#K
mikonErL MEBFEREREHEABTEFER
BEEATH R, IRATEN = Z RSB N
RHELBRRAMEE, =RaEHEES R, &
BeadBh PENABEYENEERENTRHE
WERE , XBEMN T REMR ST RER. GPC
SR B = Sk X RR A, M, = 8719,
M, =9407, 38U X 1.08. B H PS MiRRE, H A
TEETEEMHE, A H-NMR M EMNERSH
WEAAA.

BEGEA THM KBRS & WER 2 /7
ROEXE, KA FHEEY «CD FERMHEER
TEAE A ACEEF 5 NIPA BERHTH R IESHEE R
HEZBHREN RITEM, LERHAEHKRE,
BERKTLS NIPA KBERFEABRENRZHE
REFFERNEEARSRETERSR . WH,

CFARETHEAEINERS, KNS (6

min) , BB R &Y S . B m. B IRE
HEEHAME ZAMIHFHLN . BT RS
MREMBEHREEUE, THARERKENRS
NIPA RAETHBRMEGHAT ZHEMEE F 53X
WA R & FEMKBROTER
AT .
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2.2 BEBHS THAKBRRE

2.2.1 FTIR A ERIEHEREY A
EERS TR &S TR THRHEEANE AL
E .1 £ M6KL5(a).a-CD(b) . FE A bt M6KLS-
30CD(¢) A48 4 T i 8 K 8 B XM6KL5-30CD-100
() REMNMEASFHHHE 0BG SEKER
XM6KIL5-100(e) FIZL SME B . AR AT LLE i, B iR
WEWS 4 o-CD 7E 3385 om ' LM R IE [ H i
BEZE 3420 em ' (e) 5 3429 em™ (D) AR . X R H
F «-CD B RESFAEGH RS FREFEEIE
M BHEEAERFRR. BARE (M TEDF
FE1752 em ' IR IRER A TR FREPH
C = ORIz, i K 43 F 55 10 o o 6 TR Wi 8 (1759
em AW, AEEREE T H3. XHHA «-CD
SRABEWETZRNRTREEHEIER.
NIPA FI R4 FHRELRAN TR ()P EF AR K
B N—H 048 R 30 A9 Bk 4 (3415 em ™) X
Rlihi T # (1648 cm™' ) FIBERE [ #7 (1540 em™ ')
) TR e, LA % %of i ) [ Ak i — P 3 B B (—CH-
(CH, ), 3 ih i 5h B 4 3% (1362 cm™' 1 1386
em™ '), U TF 1100 em AR IEHR TR L
BB PR C—O0 MRS BB TEHEB TR
(d)¥,B T &4 PNIPA RI4FEMES, £ 576,754,
1030,1080,1154 cm ‘&4 B EH o-CD HIFFAE M,
T AR EEHTERRES S AWEEN R EH
d X ERWBYTF TRARNE LMY
HBEAYW MEXETESTFHEIERANER.F
N, A REC M B A5 S NIPA B
AEETHELSKEMN, ERT ZHEMELEN.

Transmittance
o

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber {cm™)

Fig. 1 FTIR spectra of M6KL5(a), 2-CD (b}, M6KL3-30CD
(¢) ,XM6KL5-30CD-100(d) and XMEKL5-100(e}

2.2.2 TG4 PABEE(TO)RERLEELEY

PEEIEFES THEERANERER AE
WMAIEREBE S TFTRRFPIEAMMENSE B 2
J& a-CD (a) . M6KL5 (b) | 3 ¥E %2 52 M6KL5-30CD
(c)B TGA HZR 1% M8 SCHR[20], 2 LK E 10% )
MIRERNMMEEDN T RBRE . HE 2T IEN, 4
a-CD &l K 4y F 86k M6KL5 i) 7 fi 8 B 4 5l o
290°C \358°C, AR EBEYE, KN %
BES A TEANIBEESAAETD
309°C,381°C. MER L H BT H EZ WS>, Y7
PRSESGVSEERaEY R AR BEEL
4 o-CD B4 ERER .M «-CD SREYE RN
BEPF, - CDHERIMBBE SN «-CD H—
HWOHETURNERNEEREAR (D 5
M6KLS RSB AW, MERET B4 T
HEERAMER.
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Fig. 2 TGA curves of a-CD{a) ,M6KL5 (b} and M6KLS-
30CD{c)

E3E o-CD5 48T TCA hek, A+
AES, SRS FRES NIPA R G
F i XM6KL5-100(d) 5 XM6KL5-200(e) K14+ fF 8
FE 450K 347°C (356°C , BT WL, 4+ fRH IR BE B & NIPA
SEREMMES AR, R EREHRTFRAMN
P B IR — B T A R R R 4> TS
TR, MEFIFPARESR, A5 TRG
YERESHE L AMENIREE HERNTH
EEE ) F R 358%C (b) .362°C (), T «-CD &)
SYARIR B 4y B BT E 302°C (). 312C (e) . 7T .
RBOEBESM o«-CDZEEEHLREER. B
BAIA R o CD L BRI B Y L, A2
WEEKERMET.

2.2.3 XRD & #7 B 4 & PNIPA (a) ,M6KLS
(b) . XM6KL5-50(c) .XM6KL5-100(d) . XM6KL5-200
(e) B9 X-5F 2477 51 Bl 3% . PNIPA A W~ % H 55 M 77
e, B PNIPA B E B4 M. T K 4r T B 4&
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Fig. 3 TGA curves of «-CD (a), XM6KLS5-30CD-100 (b},
XM6KL5-30CD-200( c) , XM6KLS5-100 (d) and XM6KL5-200(¢)

M6KLS 7E 19.40°F0 23.45°4k t B /0 1~ 38 A9 45 ST
BFi . X4 NIPA A5 M6KLS RAEZEHRIL R K )5 , Bl
HEEREH NIPA S EMAE, KR P Sl E
W KR RBET HERR T ER L.

Intensity (cps)
[¢]
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20(°)

Fig. 4 X-Ray diffraction results of PNIPA (a), M6KL5(h},
XM6KLS-50(c} , XME6KL5-100(d) and XM6KL5-200{e)

B 5 & a-CD(a) M6KL5(b) . XM6KL5-100(c)
¥ M6KL5-30CD (d) . 1K-10CD ( e ) . XM6KL5-30CD-
100(£)# XRD B . NP H LIFE N, 4 o-CD 917
Stig £ E H B 9.67°,13.84°,18.61°, il 22.01°
Ab AR B BIA R o-CD F1 M6KLS I HBIR &4,

R4 AT S e 7 2 B 1 5 R 4 A i 1 BB
KMER N EEY () MFT S IES M6KLS M a-
CD BT ST MR AN, X B REEWHE HiE
# HAHEE SR Z R 1000 MIFAHREE R
EWEREE () RN MRZ B S5 F T
HA RS EREGHWE B A h kT
LA X BIWULE TR AETREW. 20 =
19.96°(d = 4.45) R E W] LUA W R ERGEW
T B B 4 4E . A\ B 3R AT LA B B, XM6OKLS-
30CD-100(f) B9 757 51 & th A & o-CD(a) . XM6KLS-
100(c) MO AT 5 W ) 187 B2, o M4 KT A SOl &%
MBS TFRKERAEMENRAYERAY. W
BHEAT S B 5 3 % 5 M6KL5-30CD A9 57 5%
B, RBER T FEMBKERFRRAELE

BBER.

__A_jul- A a
‘ AN b
@
EN
e
g A d
=

A e
e S f
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26(%)

Fig. 5 X-Ray diffraction results of «-CD{a), M6KL5{bL),
XM6KL5-100 (¢}, M6KL5-30CD (d), 1K-10CD (e), and
XM6KLS-30CD-100({)

2.3 BHEXE

A E T B3 MR R AR R B E S
THMKER AT ETHE, a6 & T AN
B9 3 7 0 2 BRRRE A K OB AR . o K R AR
kLY % HE IO B 96 JBE 2 B E R 1 R

Table 1 Feed composition and gel content of different dried gels

Concen. NIPA Dose of Iradiation  Gel content
Code Composition Host{mmol} Guest{mmol) NIPA{mmol} H,0(g)

(mglg) initiator(pL)  time{min) (%)
a  XM6KL5-10CD-100 0.3 0.03 3 2.272 149 25 6 88
b XMGKL5-100-1 - 0.03 3 2.212 149 25 6 93
¢ XM6KL5-30CD-100 0.3 0.01 1 2.816 40 31 6 82
d XM6KL5-100-2 - 0.01 1 2.816 40 3 6 91
e  XM6KL5-60CD-100 0.3 0.005 0.5 2.136 26 24 6 76
{ XM6KL5-100-3 - 0.005 0.5 2.136 26 24 6 90

B, A SO 5 I BERE AE 22°C i IR Bkt

RESETT THP5E , R R B 6(R SR DR,
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ZRBRTES . ZHARBE, 5HR 4CER
3hREHETEEEKR, S5R0HE 7z
(mENFE 1) 55,82l E 7 oo kR
B R A, B9 e M F B b KES
R PR B BB SR IR 2
.

Swelling ratio (%

0100 200 300 400 500 600
Titne (min)

Fig. 6 Swelling curves of different hydrogels at 22°C
Code is given in Table 1.
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Fig. 7 Swelling curves of hydrogels al different temperatures
Code is given in Table 1.

ARI1ITLUEL IBRROBERREE ST
A, RAES XEMNAGT BAEE 2.5
S, EATFRINE B K R SR B B A R R
TFAH LI A 3 FF R RE 89 K B I 1 BE e B B 0 4
HEEEF MR & B8, 5B M 5B B B 4 3
P X ATRER — T, TR ERE R
M 2 B T R P TR A R B , SRR B BE A SE 2
B . A—FHE  ERENEERE , AR ERRM
BIRMER S WA «-CD SHEREE, KK

MR SR DMSO MK H1THRR, FBE 4 PLA &
BFE®, ML o CDBEIRFTE.
ME6TLAER, EEMNBREBERAEKTE
BB BEEEIR, 10 h WET B R ML R TH T4 .
LB RN, R T HEKERRE
Y PR T A8 B LI B R & B B R B S
B#(a,b) MY FMES BEAN, BEWGT &
75 Fie 2 0 b A8 7 21 18 B S-S SRR O B RS T 8
EREEEBLW,ND, THRMHEERFEPHE
BRERNMENTEERIH.

Table 2 Sensitivity temperature of different hydrogels shown in Table 1

Code 4 b ) d e {
Sensitivity temperature(C) 37.8 37.6 46.1 459 50.1 47.2

RIRTHE 7 MB2ALESY EEREMNFA
B LK BB 0 -5 B % T R 3 1R PR R Rk R
BRERE S BE. AT NIPA 54 K 2B
B TR SR Y B R Hb— s B, ) B A A R A
o B X EUBUR B R B K IR R, S R0
HRBERE XEATERAKBIERET
LR B B 2 F B B K B (NIPA R
EINBEAEEER, ARSI ARHEES, RE
AEENPA WRE EEBRBERASHEY
T MFERE 6 Fin B RERER -, RAEN
EFREN S B ERAAAERLT, S (e)
SR ()RR, 7 & 0k 5B A SRR B
-2

LR BAAELNEERS FRES
a-CD EARERMEERREXBEASRRER
ENEBEA T CEER . HE& TRAABYTE
B8 B BB . B A R B AR SR Y
RE a-CD WIKE B AL, R A B B a st
MAHET «CD LAZITEE, IRRBHRT AT
HEHHESAES IREIEREERARY
M EARSAMEME NEFBLHRS4H
FENERE S REaMEmEDHEERE. B
AR ERRRENEFTRTESRRERERN
WA ) B IRl et A, T — R
RS AENE RINEERERELAT
YRR MA S T R Rt
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PREPARATION OF THERMOSENSITIVE AND SUPRAMOLECULAR
STRUCTURED HYDROGEL BY COPOLYMERIZATION OF PHOTOCURABLE
POLYPSEUDOROTAXANES BASED ON «¢-CYCLODEXTRINS WITH
N-ISOPROPYLACRYLAMIDE AND ITS CHARACTERIZATION

WEI Hongliang, YU Huaiqing, ZHU Kaigiang, QIAN Lijun, ZHANG Aiying, FENG Zengguo
( School of Materials Science and Engincering, Beijing Instiute of Techrology, Beijing  100081)

Abstract  The macromer of PLA-PEG-PLA terminated with methacryloyl moieties was prepared by one-pot
procedure in high yield, both the ring-opening polymerization of L-lactide and end-capped reaction with methacrylic
anhydride were carried out in toluene under nitrogen atmosphere at 120C. Then the polypseudorotaxanes were
obtained through supramolecular self-assemblies between «-CDs and the macromer. Afterwards,. the resuliant
polypseudorotaxanes were suspended in aqueous solution of N-isopropylacrylamide (NIPA) in the presence of a
photo-initiator, While exposed to UV irradiation, the suspension mixtures could be photopolymerized rapidly to give
rise 1o the thermosensitive and supramolecular structured hydrogels. Their thermosensitivity was confirmed by the
swelling ratio changes under different temperatures. The polypseudorotaxanes and hydrogels were characterized by
FTIR, XRD and TG techniques. The studies on their potential use as biomedical materials are ongoing.

Key words Ring-opening polymenzation, Photocuring, Thermosensitive hydrogel, Supramolecular structure



