No.3

2008 3 ACTA POLYMERICA SINICA Mar. 2008
/ /
*
310027
1 4- L- LLA GA  e- CL
LLA/GA PLIGA  CL/GA PCG FTIR 'H-
NMR GPC DSC
/ /
L- PLLA PGA
PCL
BSMP
! / /
20°C
/
11 11 19
3~7

BSMpP -7
18 /1 4- / L-
/ LILA/GA / CL/

GA 100/0 ~ 80/20
2000 ~ 14000 PLLGA PCG
5~13 14~16
BSMP
18 1
BSMP L- 90 wt%
99%
BSMP e- CL AR
CaH, 1 4-
BSMP BDO AR
*2007-07-31 2007-09-03 *% E-mail wulinbo@ zju. edu. cn

297



298

2008

L- LLA GA L-
20 21
AR
2 PLLGA PCG
PLLGA  PCG 22

. /
LLA 6.02 g 41.8 mmol GA 0.539
BDO 0.1 g 1.1 mmol
0.0033 g 0.0082 mmol
140°C

g 4.64 mmol

0.05 wt%
48 h
75C 48 h
PLLGA90/10 6000 .

PLLGA x/y =z PCG x/y =z

LLA/GA x/y or CL/GA x/y

z  PLLGA PCG )

PLLGA 'H-NMR 400 M CDCL, 6§ * 5.12
~524 m CH 4.68~4.90 m CH, 1.40 ~
1.78 d CH, 4.12~4.24 d CH—OH 4.32~
4.41 m CH,—OH 2.47~2.52 OH .PCG 'H-
NMR* 1.30~1.51 t CO CH, ,CH, CH, ,0
1.53~1.80 t COCH,CH, CH, ;0 CO CH, ;-
CH,CH,0 2.24~2.36 t COCH, CH, ,0 3.99

~4.12 t CO CH, ,CH,O 4.54 ~491 m
COCH,0 .PLLGA FTIR em™' 1754 (=0
3500 OH 1089.4 H,C—OH 1130.0
HC—OH .
3
FTIR
Nicolet5700 "H-NMR AC-80
400 M BRUKER
FTIR "H-NMR
T™S .
GPC  Waters 150C Waters
.3 Waters HR4
HR3 HR2 600 ~ 7 x
10° waters 2414 .
1.0 mL/min 50 pL.
K « GA
PLLA PCL
K « PLLGA PCG

K o Kn=1.258x 107" ap =0.717

Kpa = 5.4 x 107" apyy = 0.639 Ky = 1.09 x
1077 apy =0.6007 .
DSC Perkin ELMER

DSC7 6 ~7
mg  20°C 10 K/min
180°C 5 min 10 K/min 20°C
5 min 10 K/min 180°C.
4 PLLGA PCG
PLLA PCL PGA
* L-LA
75%  PLLGA
BSMP CL 75%
PCG
BSMP
2000
5
/ / LLA/
GA CL/GA PLLGA  PCG
3 LLA/GA CL/GA
100/0 90/10 80/20 5
4000 6000 8000 10000 14000 .
LLA/GA  CL/GA
91.5% ~98.5% PLLGA
PCG. “ "/
b3}
1.08~1.49 1.3
M, e M,q= M/ xM,
M,
8.4% M, / M/1
x
'"H-NMR  FTIR
"H-NMR PLLGA
4.68~4.90 CH, 5.12~5.24 CH
GA » 12.7%
PLLGA90/10 21.6% PLLGA80/20 PCG
2.24 ~ 2.36 CH, 4.54 ~ 4.91
CH, GA 7
20.6% PCG90/10 32.2% PCG8O/20 . GA
IIA  CL 20 28
GA GA



299

PCG80/20 (6000) o

30 40 50 60 70 80
Temperature (°C)

Fig. 1  Typical DSC curves of PLLGA a and PCG b with

different compositions but nearly same M, of 6000
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- 2 Dependence of the glass transition temperature 7',

of PLLGAs with different compositions on the number average

molecule weight M, a and its reciprocal 1/M, b
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' 3 Dependence of the melt point 7', of PLLGAs with different compositions on the number average molecule weight M, a and its reciprocal
/M, b

Table 1 The parameters of T, % and K of PLLGA in T, =T, % - K/M, and T,, © and K" of PLLGA and PCGin T\, =T, ® -K'/M,

Polymer T, » <C Kx1074 Polymer T, ©» C K'x107° Polymer T, » < K' x107*
PLLGA100/0 54.9 5.49 PLLGA100/0 167.1 1.32 PCG100/0 60.9 2.67
PLLGA90/10 455 2.89 PLLGA90/10 153.6 1.60 PCG90/10 52.6 2.96
PLLGA80/20 45.1 2.80 PLLGA80/20 141.2 1.51 PCG80/20 4.5 3.13
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- 4 Dependence of the melt point 7T, of PCGs with different compositions on the number average molecule weight M,  a and its reciprocal
/M, b
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COMPOSITION AND MOLECULE WEIGHT DEPENDENCES OF THERMAL
TRANSITION TEMPERATURES OF DIHYDROXY-TELECHELIC
POLY LLA-co-GA AND POLY CL-co-GA CRYSTALLINE POLYMERS

JI Bin WU Linbo
The Sate Key Lab of Chemical Engineering  Polymer Reaction Engineering Division
Institute of Polymer Engineering  Zhejiang University  Hangzhou 310027

Abstract Hydroxy-telechelic aliphatic co polyesters are important building blocks of biodegradable multiblock
copolymers which can be used as biodegradable elastomers and biodegradable shape memory polymers BSMPs . For
BSMPs the transition or switch temperature at which the shape memory effect takes place is determined by the
thermal trasition temperature of the reversible phase or soft segments and the shape memory properties and
mechanical properties are maily affected by the condensed state of the fixed phase or hard segments. Therefore the
thermal transition temperatures of hydroxy-telechelic aliphatic co polyesters are critical parameters for successful
design of BSMPs. This article aims to report the relationship among the thermal transition temperature of two
important hydroxy-telechelic aliphatic copolyesters poly L-lactide-co-glycolide ~ PLLGA and poly e-caprolactone-
co-glycolide  PCG and their molecular weight and copolymer composition.

Hydroxy-telechelic PLLGA and PCG are synthesized via ring-opening copolymerization of L-lactide and
glycolide LLA/GA and e-caprolactone and glycolide CL/GA using 1 4-butanediol as initiator and stannous
octoate as catalyst at 140°C . After dissolving in chloroform precipitated from methanol and drying under vacuum at
75°C for 48 h purified PLLGA and PCG were obtained and characterized by FTIR 'H-NMR GPC and DSC.

The polymerization took place in a living/controlled manner and the molecular weight was adjusted by the
monomer/initiator ratio in the range of 2000 ~ 14000.The polydispersity index ranged from 1.1 to 1.3.The GA
content in the copolymers is of 0 ~ 0.22 for PLLGA and 0 ~ 0.32 for PCG and can be adjusted by the GA content in
monomer feed ¢, 0~0.2 .The contents of GA in copolymers are higher than ¢, because of higher reactivity
ratio of GA than LLA and CL. For convenience $., was used to denote the copolymer composition. The FTIR and
'"H-NMR spectra indicate that the copolymers are hydroxy-telechelic .

The DSC results indicate that the copolymers with above mentioned copolymer composition and molecular weight
are all semi-crystalline polymers. The melt temperatures T, of both PLLGA and PCG were determined from the
second scan.The T, ranged from 37°C to 58°C for PCG and from 80°C to 162°C for PLLA. They increased with
increasing the molecular weight but decreased with increasing the copolymer composition. The glass transition
temperature T, of PLLGA was obtained from the second scan and ranged from 35%C to 54°C. It also increased
with increasing the molecular weight but decreased with increasing the copolymer composition. By ploting 7', and
T,s with the reciprocal of number average molecular weight M, linear relationships 7, =T, ® - K/M, and

T.=T, © - K/M, are observed. For T

the interceptions 7, o are linearly decreased with increasing

m m

¢ but the slope K’ is independent of $, . Therefore experiential linear equations T, = T,, H — A, — K'/M,
have been established to describe their relationship in which 7,, H is the melt temperature of PLLA and PCL
homopolymers. For PLLGA the values of T,, H A and K’ are 166.9 129.5 and 1.48 x 10’ respectively. For

PCG they are 60.4 82.0 and 2.92 x 10" respectively. From these results one can design and synthesize hydroxy-
telechelic PLLGA and PCG copolymers and corresponding shape memory multiblock copolymers with desired
transition temperatures.

Keywords Biodegradable polymers Biodegradable shape memory polymers Hydroxyl telechelic polyester Glass

transition temperature Melting point





