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45,50/50,25/75,10/90 1 0/100) B9 73 2 BE-Z. 3 B
HEY(PLCA) RBA G HER G T EH &,
FSENAEJREN0.03%, BE4RE 130 ~
200C, BARA 24 ~40 h. BE =Y, PGA Fl
PLGASO/S0 £ M Z B Hi B ik, KE~Y &
LT/ EBE(VIV = 11)IBEER 1L
HLEMERY T OCHRE TREEE, #
fFFTHREDEA.
1.2 ZHMREMEENRL
1.2.1 'H #1” C-NMR Varian 2 6] ) INOVA
500 RIB R @ IR X, TMS 45,5 mm 5
H,BE 28C. 'H-NMR ¥ s LR B & ¥ 500
MHz, # S ¥ B 400 10 mg/mL, CDCI, N, F
4.74 kHz, R HE B 48 & 28450, TR B [A] 2 s, T
16 ¥ .“C-NMR it M 3L 3R ST A 125 MHz, B 5
W5} 65 mg/mL, CF,COOD M ¥EH, i % 31.45
kHz, 39 2000 &, % & ¥ 4E 2150 000, Bk »p 3 &
2.2 ps(BF £ 22.5°), RHERS[E] 0.8, FE R BT (]
1.2 s.
1.2.2 FRERE([2]) SR E R E.
R CHCL,BHE(250.1)C, B\ A%k A
Hlnpl=[2(y,~Inp)]"/c HE PLGA W[ 7].
1.2.3 DSC TA instruments DSC 2910, N, 4
(40 mL/min) . i FH&E 5 ~ 8 mg, FFRHEF 10
K/min, 3 #7E - 20 ~ 240C.

2 #REIFie

2.1 DLIASGAXBREPHNETHRER

2.1.1 'H-NMR & B =4 PDL-LGASS/
15 #1 PDL-LGA 65/35 #7'H-NMR # B 1 frx . H
A 1.54~1.62F15.12~526 WL FIFH
IR PDLLA Bt b CH, CH R THEKE; s
fHE4.65~491 AN EZEGRE PCARER LM
CH, WA FIiRE M T DL-LA 20V HE LM
D-AMEHWMA, DL-LA 5 GA £ Sn(Oat), 31 &
R A AT, ELROS T8
B TARNESFF, EHH,PDL-LA #EFH
CH, CHME FH¥HR B ERER EELLHR
MEEEFLIERERE B2, XY H T EM
CAZMFEI RN CH, B9 F IR L K& TBE
MG EMLFNBHTAMETRERE, 28
XHER(5.8.9JARMEREE 2MEF 1. MEH 2T
W LGL P3P £ i He e e (line 7) , LGL FF 5 I JE

BROFEXESEMERM-ILIEHEKES
CC-RLEE T _REXTBRUMLE RS &t
HABENREREH T CANTEEREZAT LAKN
ZEE RRMBELER CALS GA RMAER
BEKM-CC-FH BEERMMH#IT.EEFT GAN
W AW FEE,LA 5 LA LI K LA 5-GG- T2 [
IR N B, MK -LL-E 88 5-GC-# 5T
BB, FHE-GC-BAMmBRBMERT LCL F¥).

s
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Fig. 1 'H-NMR spectra of PDL-LGA85/15
(a) and PDL-LGAG5/35(b)
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Fig. 2 'H-NMR spectra of PDL-LGAS5/15{a) and PLD-
LGAG65/35(b) {region of glycolide methylene protons)
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Table 1  Assignments of resonances in ' H-NMR spectra of poly(lactide-
co-glycolide}s in the region of the glycolide methylene protons

line number Sequence 8
1 GLGGG or GGGLG 4.93
2 LGGLG or GLGGL 4,88
3 GGGGG 4.86
4 LLGGL + LGGLL 4.80
5 GGGGL + LLLLG 1.77
6 LLGGG + GGGLL 4.74
7 LLGIL + GLGLL + TLGLG + GLGLG 4.72
3 GGCGLG or GLGGG 4.7
9 LGGGL + GLGGL + LGGLG 4.69

HEE. FRARGANERERARERT LAME
B R NER; B H T RSB %
1, DL-TA b R E®E , FULEY TG
THERSHRE A ERBR LTRSS RME
K.

2.1.2 "C-NMR &3 B DL-LA 5 GA LR
i3 #) PDL-LGA (85/15, 75/25, 65/35, 25/75, 10/
90) L B 49 1 - L-25 ¥ B2 T F-G-55 1 B0 G | A B
HECHMYCNMR R E 3. NBH e FH, B
GA BB H I i, L B o -G-Hi f B S0 o i A 3k

Table 2 Copolymerization results of lactide with glycolide at 160°C for 24 h

No  fec{%) Configuration(LA) [ p1(dlsg) T, (T) Solubility{ CHCI, ) Fee(%) TylGIG] TplLGL] lee n
1 15 DL- 0.9419 553 Soluble 17.07 5.91 0.49 1.33 3.16
2a 25 DL- 0.9603 53.2 Soluble 26.08 3.07 1.52 2.25
3 35 DL- 1.9337 51.9 Soluble under heating ~ 36.99 1.49 0.22 1.85 1.99
4 50 DL- 48.0 Soluble under heating 51.89 .44 2.14 L.78
5 75 DL- Insoluble 76.25 2.79 3.48 1.22
6 90 DL- Insoluble 93.76 8.75 8.05 1.00
Zb 25 L. 1.3847 53.9 Soluble 26.31 3.73 1.50 3.3

S :feed mole fraction of glyeolide: T, glass transition temperature; Fgg: molar contents of glycolide in copolymers; Icc or li: average length of

glycalidyl or lactydyl sequences in copolymer chains; T'p [GLG] : yield of the second mode of transesterification {(GLG sequences) ; T [LGL] : yield of the

second mode of transesterification (LGL sequences)
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Fig. 3 ¥ C-NMR specira of PDL-LGA85/15(a), PDL-
LGA75/25(b) . PDL-LGA65/35 (¢}, PDL-LGA25/75(d) and
PDL-LGA10/90(e) copolymers

B CHtiRegiEg Hb il T SRICE[4,5,8,
93t LR B AP L EHETH-C-E AT

FHMERE CHEIREBEMNHABER NEPT
W, EARRAR POL-LGA LB M-L- M8 T
PR C L iREHE DT ME R GLGC K3
Bt %o} ROF £ 4 0
HEWPCC-RTH _REIXHFZH T,
[LGLIAM-LL- R T REE R R Ty (CLGJHA[
S HCER(S,8,9] AL PR FIHHE:
T, [LGL] ={LGL] /[LGLI; (1)
T, [GLG] = [GLGI/[GLG], (2)
AHHLGLIA[GLG 2 B N B Y & LGL 73
1 GLG B oyt 4380 [ LGL]; M{GLG], Rk
£ 3 Bemoulian Zit i+ B AL E Y+ LCL 31
M GLC FFm %
(LGL)y = kf(k +1)° (3)
[GLGI, = K /(k + 1) (4)
XPM k=[GULIAFIR{XEY-C-A-L-F5H
BILH %, 2B H-NMR #-L- 8t LM CH
F-G-H 7T L # CH, BB 3t I o 09 B 5 3 BE 3
B AE BB BES(DMQHENILEY
B T, [GLG], B GA BE/RE R L/, Ty [GLG]
KT 0, E CA BE/REHR LA 50% 0 B /b , vl
B, EEP GLGC A TE X GA R i B Rl
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GA BE/R BB LIS b o 20 5 fH 2 GA BER R
BT 50%J5, To [GLG N ZE#iH# X, B GLG &
HWESIME CABE/RER L mMmMm. %k 2+
PDL-LGA85/15 H)-GC-#k Bt i) B ZHR¥ T
[LGL] K PLGAG65/35 I K, ik FH B & & &+ DL-
IABREHLERK, GC-RBERS S LKk R
RAEMZBERN,JEEEE LGL FH%EH.

LR NMR WA ER AERA, TR N
FCAMBERRIEKRT LA, £ GA BE/REH K
Fs0nmfER T . H&E CA BRI B A ER
RLiT 2 TR R AR K #9-GG-FF B, 1 -LL-FF 31
HLIA BRHEBHEHHESEEME S, EM5
GC-BTTEESFHEIMN —RELHRR M ILET
B H2 GA BEREERIL K F 50% /5,868 GA B
IRTEEH i — A, BARTE R N PR TR IE
WEEH-CC-FH,BERMNEFEF B HE GA
BEREB R L, A RN-LL-F A S
CC-HALHELHRNILERL. BRAMET
PDL-LGA85/15 1 PDL-LGAG5/35 MM S T,
(LGL], BHh A WA EMNMEEEESB T,
[GLGI/MBRZE B S EP-LL- A TH KR
THEME-GCC-UMITH _HETHENEE X
5XERME R AR5 & L-LA f1 GA SRR AR
THREHBENEENSGE—B .

2.1.3 HEFEMFIKE HEYHTH
F-GG-F-LL-F 7 ) F ¥ K TR $E (5) X
(6)i+§[5.8.91:

Tool T + 1 (5)
Tuil +1 (6)
) Lo Io  do LA BIME R T GGLGL(ER
LG).LL 1 LG(E GL) Ry irse B8 E .
FHFHKENMEERITR2 &1 KA, E
GA BE/RB B Lt i, E B Y -GG- T F i P K
B (1) BRI K ,-LL RS T ) AN
WA ERGCGAMLAMERLHER A, HCAE
SRR AN TF 50 mol% B, 1 ANBE KT 2,1 1,
Ak F2,EHLERG L THAKBEH AR
HOXFEERTREASIBEYEREEMN _RAER
Wi bEE GABERELR L E— LM, [, Al
TR, [ EHNMA RS THAKENR
TR REL .PDL-LCA MESHWH TR, 5
EERGPHERENEARE 3.

lee =

I, =

2.2 LAMTEKBENARISSHNER

B 4(a) A PL-LGATSI25 B Y P H-LL-F 5T
M-GG-HL P B E CHPCNMR E£B. 5
PDL-LGA75/25 3 ¥ (& 4b) L&, B T-LL-% 31
BRAREASH Ry ABEENE
PL-LGA75/25 M-LL-2JCHg Ty [GLGI A 1, {4 %8
W PDL-LGAT75/25 MR ( W% 2) I FiRBAE A%
REEFF.L-LA WEAEEE DL-LA X FIA JE-
LB TTEESS-GC-REE —RAEGTM TR .
B T — 2 LRI .

S~

b
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Fig. 4 " C-NMR spectra of PL-LGA75/25(a) and PDL-
LGA7S/25(h)

23 BARENAEYEEHNER

Bl s #E 6 B ARIREN PDL-LGA(75/25,
50/50) B -L- LT H-G-H T F MBS E C
#I" C-NMR i% & . i 18 & |5 IR ¥ 9 PPL-LGA( 75/
25, S0/50) L B -GC-H-LL-FF M FH K E
MER-LL B R BARNSERE3. WX
P REFD,E 130CESG 40 h, FF R I E
W LL- BT KRB RZR(T, [CLGD UK
EATH L 1 #REA B L 7E 160CH 200CE &
4 h /N, BARATSBRE NG _REETBRE N,
A FREEA [ 45 4 17 5 80 1 KB, T A & 2R
AR B L TE B IR P R AR R ] B A
THEYNEESH RINEGREEH. BRERE
F & PDL-LGAT5/25 X B YW I BRI T, 1,
AL A K, T PDL-LGASO/S0 IE3F MK, 5 W %
B RN LB S Ok R E R 2 e
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Fig. 5 '""C-NMR spectra of PLGA75/25 polymerized at 130°C
(a),160C (b) and 200°C (c)
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Fig. 6 '*C-NMR spectra of PLGAS0/50 polymerized at 130°C
(a),160C (b) and 200C (e}

Table 3 Copolymerization results of DL-lactide with glycolide at different temperatures and for different times

No Jee{%)  T(T) k) [gltdg)  T,(T)  Solubiliy(CHCL)  Fee{%) Tp[GLGl e ly

Ta 25 130 40 0.9772 49.7 Saluble 25.04 1.90 1.65 2. 10
7b 25 160 24 1.6771 53.6 Soluble 25.83 297 1.47 2.0
Te 25 200 24 1.6016 52.9 Soluble 26.92 3.43 1.50 2.10
Ba 50 130 40 40.4 Soluble under heating 53.13 1.28 2.27 1.84
8b 50 160 24 48.0 Soluble under heating 51.89 1.44 2.14 1.78
8¢ 50 200 24 42.9 Soluble under heating 54.30 1.67 2.21 1.52

2.4 BOGERMLEMMN T, MBEREEARR

PDLLGA R E DSC HHREMLEBRA
(-20~240C) K MEPIG RIFRE, RHENH
BERLRY . CEk([4]3RE ., Y PLGA B Y
-GG-FFFI 1., = 10 #f , FESL R WY DSC # &k
AR MED PCA BE NS RIEME, ™Y [
<4t FEERYE DSC i Bk R A BB ALF
MEEEMERERE. X 1,4 GA R
8 % 50 mol % B , R P -GG JFF 1 (LB K
F2 AN LS.

FRIBGHRELEYN T, RR3. ERER
7 160°C B & 18 B &9 PDL-LGA75/25 # PDL-
LGAS0/S0 B9 T, & #5, 130°CHI 200C R 5 R A M
Y T, BEE.C X TREERAERKER T
(130°C) I, R Y B TR ERKLN
PGAHBEK ARYHHEBAETEZIHZWE
7 B R BE A (200°C), R BRACH Bt
Ey@hitWakp s AR FER K BRI

FfE AR S B RYH T, B, M E 160CE
& WP PCA HEEKEREM, Mk T
SRER 130CTH, LA SRS IEHEEE PLA &
BKEREN ARYHEBEAETSHEREK,
T BE.

XHR[31IA H-GG-IF ) 1 /D T 4 B, PLGA
EEWAET AR LSS . CRRED " GA
HAERERN 0% M PLGA RIE T HRER
oI MERINR AFRRBRERSFEHILE
¥, GA BE/R R R 35% #1 50% FF, AR EA]
Bl /NTF 4, BEZBTRAETEETEMAM
AEEm 2B TEE P, HHAXBDSHE
ERK-GC-HBHLEY N T BRELLRE
BTHEERTENRE SRR, BHF GA KR
BHIT AT LA, RS #) 34 K BB KH-GG-FF
B, EMNERENBERNMNPHERFIREIRE
AHERE R E-CC- A ESEENE . e
BATMEERTHAGPAETEER.
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STUDIES ON THE TRANSESTERIFICATION DURING COPOLYMERIZATION
OF LACTIDE WITH GLYCOLIDE AND THE STRUCTURE AND
PROPERTIES OF THE COPOLYMERS

LUO Binghong, LIAO Kairong, QUAN Daping, LU Zejian, CHEN Yonglie
{ Institute of Polymer Science , Zhongshan University , Guangshon 510275)

Abstract  Poly ( DL-lactide- co-glycolide ) (PDL-LGA) copolymers with differemt DL-lactide/glycolide ( DL-LA/
GA) mole ratios were prepared by bulk ring-opening copolymerization of DL-LA with GA using tin octoate ( Sn
(Oct),) as catalyst. Analytical results by 'H and " C-NMR indicated that the mole fraction of glycolidyl units in the
copolymers was a little higher than the feed mole fraction of GA, and the second mode of transesterification occurred
during copolymerization. Copolymerization at 1607, the average sequence length of giycolidyl ( i.;) of the
copolymers increased as the feed mole fraction of GA increased and the average sequence length of lactidyl( {,, )
decreased. It was found that the transesterification coefficient of the second mode of lactidyl units ( Ty [ GLG])
decreased as the feed mole fraction of GA increased and reached to the least at a GA feed fraction of 50 mol % , after
that, it increased gradually. In the case of copolymerization of L-LA with GA ( L-LA/GA = 75/25) at the same
conditions , both the Ty [GLG] and ;. of the copolymer were higher than those of the corresponding PDL-LGA . As
the copolymerization temperature increased, the Ty [ GLG] increased, suggesting that the transesterification of the
second mode became stronger; however, the value of I for the copolymer with higher DL-LA/GA feed mole ratio
{75/25) was somewhat decreased and the [,, had no obvious change, whereas the copolymer with relatively lower
DL-LA/GA feed mole ratioc{50/50) behaved just conversely, i.e.,the value of [, changed a little and I, was
somewhat decreased , indicating that the copolymerization was also affected by comonomers and other factors. Higher
copolymerization temperature was more efficiently to change the microstructure of the copelymer chains than the
prolonged copolymerization time al lower lemperature. The glass transition temperature ( T} and the solubility in
chloroform of the copolymers synthesized at a given temperature decreased as the feed mole fraction of GA increased;
however, the effect of polymerization temperature on the T, of the copolymers with the same DL-LA/GA feed mole
ratio became relatively complicated , indicating that the effect of polymerization temperature on the microstructure of
the copolymers is more significant than that of the DL-LA/GA feed mole ratio.

Key words Poly(lactide- co-glycolide), Transesterification, Chain structure, Property



