Bom
20034F 4 A

L A

ACTA POLYMERICA SINICA

No.2
Apr., 2003

HEFHESER PEG-b-PCL X9 FHRETEY
BEfEKBERS TR

REF

LYE "

(EFEETX¥ETSHHEER Jta  100081)

i E UXrBTEyHEeA, AR RL _M(PEG)FE « CHB(CL) FHRES . H&T PEG-H-PCL &
BBy # UM RRENE, SAT3IRARERSTFAEK U 2,22 HRR 2 XEXCHEATIRN,
BEHEAKRERT . KXo TRAEKPO TR ENELES R EESE S KERK. | ' H-NMR,FTIR.DSC.
TGA.ESEM. B & B EATMATREA AL FREARRERMKEK#ET T EE . SEERA, T
RERKMABEKE® KEREAEXHERKEARM KSR HE PECHEMEN, TRAHSERETE
BT R BB A B AR L0 /b s ESEM 8 b o b 3 BH K BE AR SR 5 8 .

xR BB, AHREEL, BN, Hkit, MESH

HEEX, UBEEXEMEARRBHETEY
RRAKBEREIGYEREREXMRTIEANN
EE EXSFRITE5EERE, S0 WRERKRK
B SKEHRBREEE NMEEREREY.
Haixt F i1 PEC IR SR ZB(PGA) B AM
(PAYARHM - BELXEBYUARAHRARE, X E
FI A 7K 45 Bt PGA BY, PLA R9%5 & ¥ =R # 7k 48
BEROBLHKETEEAER Y RAERZZ
M-E-RERKBEXEVRAERIFNFENE
E.EEENEBRMEZKNERKSE, HE PEC
RIFEYRERIEN,HH PEC AR KB F IS
H¥EBR B4 TR PEC FREE T P HBRE,
HmMBHTHYA. . SHERA FERNHA20KRE
RapHL EREAYREAFR/DOW K %
B YERBBREAS, AARNAEOEER
] PEG fE S Fe MM . Young £ ERT
¥ E£% PEG #MA B T EA PEG-5-PCL #x B
HREBY, AR T HAEDHE KR KRR WEE
Ji .Hubbel Z"“ &R THBMEHNRNEZZ
BB (- 2R (PGA fl PLA) =i BRI EYMIK
BHERS TFHRE HIHEARGE RO T LY
SRR BERE AT T HESE.

FEMEEE b, A SCA LT PR BR AR 3 R A K
BHEE® PEG-b-PCL IR B BY , HX H RS
R KER#ETTHA, ABAEQFEMERK
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1.1 EHREH

e-CL A BE (CL), Aldrich 2 # , 85 ¥ > 99% . fif
FHRTH CaH, TH 48 h B EREL4B K H#
4+ F BB Z 8 (PEG) : =% PEG-15000(15K) .
& PEG-30000(30K) fil (4B PEG-21000(21K), %
B THRFE Bt it AR, A RS Bh AR Ak .
BET 4%, Sigma A F) , 8RN 95% . 1-ZF -2t
% 4x B (NVP) F1 A 4 BE 3, Schuchardt 2% 7], % 4}
Kl ER 2,22 " HERE2HXEEKXZN(DMPA),
Fluka 22 5], 8 =98% , _F BN =ZZ (L E
AR AA)  BHRA CaH, T4, HEE . pH
=7.4 HBEBEEL b K (PBS), B . = H 4%
(dbm AP A7) A MRk (30 ~ 60°C, P %
BHE LTAERBRAT ) NaHra.
1.2 EX PEG-)-PCLIEEERERIISRK

¥ 1.368 g e-C. ARG 15 gPEG-15 K #1 7 mg ¥
BMERBE(ALKEH PECERLECHEN
DPRH AYBATERHRMNAES P, s, o
OAEHTFEES . RERESK . REEAR
S HEENESEEA 1CHERME T AR
Pi24h G, BB KEILRMN, FYRA=ZFFRE
FoOmBUE.IR. BB . HARTH]
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Fh . A£WOCTHREESE , WFEH98.5%.
1.3 FREBESEN PEG-b-PCL X5 FHREMN
=154

FE 250 mL BlCHEHR D FESHROLEY
0BT 10mL BAKZEWE, G & TKES, ¥
HEOC, REMRKEMMBEIN 0.42 mL —Z B
0.25ml. AMEREE, B R YIE OCH A R B 12 h,
REEERTHERLIBE RBRE=ZZ2KELER
HhoERASEOmMBIE,. BB Ko TFHE, #
— B =R E RO MBS EATIERML
K>FHEE BEESOCCHSRBET TR —X,

HESEREMEERR —-—TBMER(EEN
ImmEG)YET OCTHRHURXEER.BER
v, REHEREMBE - X B THR.REXR
W, M w,/W, RHEERKEE.

W E B E AR TG WEEE, K
ABBEE e K (20°C), —ER A B, A
HATHR Y FImMAKSHRER W, BRI HLR
SR=(W,-W,)/W, ¥it®.

KEERE & 7KRE T MIE SR E M KYKY-1500B
RUFFIE$T 1 fE B (ESEM) SE R BE R i &5 4 .

W2 % 88.5% . 2 ERE5W
1.4 BAXRE 2.1 B PEG-5-PCLBBRAFWBEAN TR
BRATRAMBRRBERLEARIR  gpam

%(WIV)ER. M 1g KaFo&ERER+PRm?2
pLB| RFITER (G 600 mg 2,2- _FHEE2-ERE
CRET Inl 1-ZEE2-SED), Ko
FHEBFIERRE R O ALK Y 365 nm BEI L
WB 5T, B B A A
1.5 x4

21 5 3% 5 A Nicolet Magma560 FTIR £1 5h5¢

'"H-NMR 3£ A Bruker DMX-300NMR #; #% 3t i
8,80 €DCL, .

AP R F DSC2910 R4 40, FHB R &
10 K/min, N, B ; TGA ¥ i f] TGA2950 {{ 8%, N,
SHAFEEEN 10 K/min, KEBPKHEE
M, R—EBRAKERERTHEMES, A
N, %7 F, L4 10 K/min B FH BB M - 70 ~ 50C
* HBEfT DSC AR, 3 A S K BB B s e 4
(6030 J-mol ' )EFRHE B KER T HRLEKHE
B AEBRELSSKEXRITREIFESEKER.
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EFMUVHGTEF AEB PECEI X -CH
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A E R (CL]/[PEG] B BE /R BB L X 348
ARARMBBRERD(NEL) .H1 2=H PEG
(a) \PEG-b-PCL #x Br 3L B ¥ (b) 01 T4 45 B2 AS 3 o
BIRAr F 4K (o) (" H-NMR % B, B 1(a)F & =
3.2 BFAMERBY , RHEHE PECHRE
LEK E (b)) EM R T REIEREYHIE
B AR (R 1N ERARMy FRAEE
Y CLITHMZ — 8 A0 K X E B8R 4
ZHFHE B i1(aFRAXRFFREMKND)F
VHEMEE.0=3.10 RXSHFREDPFEHD
BRBREMN=ZZEKREMLPTPRMEECRE,
HPREE =14 5CLH g(HHERE.KNA
I REA PEG-b-PCLIEBREEWM Ko FHE&EE
P W B K BRI & LB R

FIRIABKKBERS? FRENER.
ATHE PEC EAKFHESY . MERCHB NG
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d d c a &efgfb “efgfmﬁ ;
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Table 1 Synthesis and characteristic of macromers

Macromer code No of arms PEG (mol wt) Monomer DP or polyester Appearance Solubility in water
PECL-15K 3 15000 CL 12 Solid Soluble
PECL-30K 4 30000 CL 16 Solid Soluble
PECL-21K 4 21000 CL 16 Solid Soluble
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KHESY B EdEHECABNERSE,
& K B At PEG-b-PCL Bk BR L R, B 1T0& BN 46
MR E R K4 F k. J 2 R PECL-15K K4+
B )M BRI ED (L) M FTIR & H,

Stannous
OH + CL octoate

{Macromers in PBS)

Photomltlalor
(in NVP)

PEG-5-PCL 2t BEYI7E 3510 cm ™' AL B B 3B TR UK
e IR ER S IR IE T K, B R 5 M0 7E 2880 em
1110 em™ ' AEER S A C—H MBI Howe , LA
B TE 1756 cm™ ' Ah A O I BERAH 43 B 3 09 TR i e

OH =PCL

(00

OH

% ; é \ Polyacrylate

Acryloyl chloride
Triethyl amine

{Cross-linked hydrogel}

Scheme | The synthesis of star-shaped PEG-5-PCL {four arms} block copolymer, macromer and its hydrogel

o

2 1

(b) ab® ¢ A

Fig. 1 'H-NMR spectra( CDCly ) of three-arm PEG (a} ,its PEG-&-
PCL copolymer (b) and PECL-15K macromer (c)

2

WW

1 500 370
Wavenumber (cm l)

Fig. 2 FTIR spectra of PECL-15K macromer () and the

original block copolymer (h)
2.2 KERNERK

ZHEPECHEAKERSY SHHESHBEAK
AREREEAEEE, LA FRER, £l
ERBRREN ANMAMNTAHERERMH
B4 HWHEES EMKFTFENRET EX5
A (H T3 &7 DMPA FE K FBERER /D, ¥
PR A YA A BB NVP {ER B
BRANEAT 28RN R ERGMIE
BKER MOEKSER. L2 RKERHE R
HAXER NEFITLEL, 28 X0 FRlki
7K i B ER b A4 B i) P9 BB R B SRR TR B BE B . B
HHEE PEC KA FHIIEEMKERMS , HER
WEAEEMTFEMNERSEY TRENEZE
BEF PEC KA FREAEKPHNBEAZEM, 7
BRI BRESNEE, EHTFTEAERNE
AT
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2.3 BERE

2.3.1  JKEBEE0 Rk RRE B3 EFE20CTH
PBS ¥ b e B 2R Bk L Bl A (] A9 36 R Bl 2R M
Al O, F B e AR A A ) R Ik PO BK OF
(12min £4), MBA AR BAHEKLE X9 HEH
T PEG EARIFMEAKME, M2 BkF E4ER
BRI MG H , AT B R F K 1 R 285 R R0,
EMAAERABERKSE. BERESFE (2 M
3),ESE PEC o TERMMM, B A, X
REANG FROEM, SR K EFAHREE",
HMAAEAMERE: YEEMN PEC A FRE
i, BAE PEG BBOKIE I, Bk N, X RS
FEER I, TR E T KT

Table 2 Synthesis and characteristic of hydrogels

Tensile
No of Eradiation Elongation at
M.
hydrogels SRS time (s) CE)::;“ T;;ﬁ? break ( % )
PECL-15K 18 75.4 0.047 32.9
2 PECL-30K 12 66.3 0.036 35.6
3 PECL-21K 9 73.4 0.068 23.5

14

0 10 20 30 40 50
Time (min)

Fig. 3 Swelling kinetic of different hydrogels in phosphate
buffer saline at 20°C

2.3.2 Kk DSC 53 ¥ HFZERGWH
PCLEERMSBAM, DSCHL FASmg T E
H PEC EEMIBRMEREN B4 B3IHTEK
BDSCH L HMERRMEMEE IEH TF
BRSPS HR RN .

MEPITUAR, Y88 PEGC M FRER
AL REE SR =8, 3. m08), K T
f,5r 55 59.3CH 56.1C.ARERR B HM
B, EmMERT o FRBEEEHR  mE AR
B BiH PECERNS FEAIEM, 7, X
(2: V0% ; T, H 58.9C).

—BIAR S KRR SERS AR
MR UEBESHEFEE S K TEREEE
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Fig. 4 D3C curves of the dried gels

N, protection, rising rate : 10 K/min

RAMK EME DSCHMK E(RES)FEER
PR KB e, 5 0KA R 4 B DSC i &, H
A AT 2 0 s 4 R R BE B £ K BT TS L B UK Y AR K
BREMTKERPFEEMKNTRESHNE S
KORESAMKNIT I B G ENBREE
KRR T B vk B R A, (B3 B R R R B R vk
EE R, REFRXS.@EH DSC L +
MR 0 Py SRR 5 7 T TR L B R e 1 A8 A
B, I B KRR T R A K IR S KA
B3R 3 5 T LRk & B 48 KO e A ok
R BRPALEN KERPREFENET
HEK .
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Fig. 5 DSC melting thermograms of frozen water in hydrogels

N, protection, rising rate: 10 K/min

Table 3 The content of different types of water in hydrogels swollen in

distilled water
No of Total water Total freezing Nonfreezing
0 of
content water content bound water
h;
ydrogels (wt%) (wi%) (wt}
1 92.9 81.4 11.5
2 91.6 79.3 12.3
3 B8.4 7.7 10.7
2.3.3 KEEK N FHERE K BE B 0 B R

EXESFE/AKEB PEC M4 T8 PEC ME X
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A FAKBERNS FREEX KERHXERER
BN SEABETHR MKERE;D HW.H
PEG (B 08 et , 22 5% % B3 K, BAR B BE 3K
BE EHRNBKEHEZTR. X1 NERES
BRTXARE BEMNEEALE A TKEREE
B EA¥HRERE.

2.3.4 KERMRHEGE 681 BHEKE
BE(20°CT £ 2 B ik ¥ 8 ) 89 TGA-DTG B, B Al I
TA,KERPHEHREEK. XEEB8K, M
HXEFEMEAG K. KERNEAXEGQEKD
ER(HBKAGEESK)OMESYHN®E NE6
AL, BERR K FI R AW DTG M4 5k 78.36C
F394.05C . KEERETE 100CH & LE KEH XK,
RAWEIOCHE B I TERFE KELIR
BOEAEK, i TCA IR KK X ERMIE.E

A BB KERSKBRE.
100 20
801 ‘\78'36'C J150
— S
X eoF M\ 410 %
5. /\! :
(1
§' “r \S’Hﬁ% pagec 03 f
sk  (14.31mg) _____/“,__g doo é
10.73% '
0 . \ ,  NISSme)] g
0 100 200 300 400 500
Temperature {"C)
Fig. 6 TGA-DTG curves for hydrogel sample 1
235 KEEBEHNER KEKER—E

RIBTE, AR KM Bk, N UL X R A — E R M4
g . B-RnPREaEn s FREERENAEE
MR ERE, THEAERTHKRE - EH
i |, T EL G % 4 2R AR B AR XY K BE B A 1T M

o, B e ] I ER5E 40 9 R B R TR K B IR KR
ATFHMEEH. B 72 2 SH/KEEEIEE &
0KV E THEMANE R, AB LT LUHE
M E D KER BT KNS SR AR RAREN
A BRNA — AR, BIRENETFRE
TRAESIRESESANTEL HEABRF ED
BE 45 HE M LI I B R SR S 4

Fig. 7 Photogragh of ESEM for
sample 2 {ax 1000; b x 4000)

FIAZEPECS R cCHBEFFRES.UA
HREEHN, AR T 3 AKRBEHRS TRE, K
THEMKBRASIZAMUVIERT Bt
HEETEB KSR BEAFRAMBKL @3
% PEC WE B FRVTLIERHLEKK, #
e ESH .
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SYNTHESIS AND CHARACTERIZATION OF BIODEGRADABLE HYDROGELS
BASED ON PHOTOPOLYMERIZED STAR-SHAPED POLY(ETHYLENE GLYCOL)-
co-POLY(£-CAPROLACTONE) MACROMERS

ZHAO Sanping, FENG Zengguo
{ School of Chemical Engineering & Materials Science , Beijing Instisute of Tecknology , Bejing  100081)

Abstract The star-shaped block copolymers were prepared by ring-opening polymerization of €-caprolactone in the
presence of multiarm PEG using stannous octoate as a catalyst. Based on these star-shaped PEG-b-PCL, soluble
macromers leminated with acrylate groups were synthesized . The amphiphilic nature of the macromers causes them to
assume a micellar conformation in water, which enables them to undergo rapid polymerization using photoinitiator
under UV radiation. Macromers and their hydrogels were characterized by ' H-NMR . FTIR .DSC.TGA .ESEM, gel
content and swelling ratio ete . It is shown that dried gels absorb water rapidly, and hydrogels have high swelling
ratio and water content. With the increase of arm numbers of PEG, the temperature of the melting peak of dried gels
and the swelling ratio of hydrogels decrease ; The photograph of ESEM indicated clearly the network structure of the
hydrogel . )

Key words Star-shaped, Ring-opening polymerization, Micellar, Swelling ratio, Network structure



