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# B LIZBP R Felacac), [ ABAFHT O, L. RTHENFRE S REEZ B (PEG)IEE FHF T
LR BIR TGN R E IR R B (R A R B UL R PEG PR B I B R RF BB R, 3E i
THRBEARBREIE SRR Felacac), BREMN-EANBEEBLATHEARESH  ELAXMNBES R
TR OGRS ERLAERE 0% I L, B-ar-YRIR N4 F RS 3 66 000, X8R AL
RE & PEGHFET . PEGHENTERNSATAXENAARS,D.L.AXKENEPEG F THRITHBEEN,
S THNERERREUER, A NENIL B LS EC, Fe(acac), FIRH PECE5ESMEIHER.

X@iE ZBAM, D, L-NEE, RZ -8, AERS '

RIMEMBMEEAYERZETIRINAEEH
Pz’ o F R B AR (PLA)E B
(LAOEANE RSO RLTITHRRAHE. 2
HEr AL, AMERBAFHAEBENENERL
BWESR B .S .88 EEEEY KPS
TEXMEAFIRF R R F BRI [Sn(0c), | LTS
HRE AR EXSE RS SIAA
AAAFBENHRENE, eNEfbI B A
SXHUANMBHEABRARRGYHIER
i LS BPEAR L XL NS
TR T & pORLTE AR P 60 B A T 22 47 11, o
AEFEEREBEERFRAEN EZETHHEFH
AESRETEANNIH.

BILRIES 5 AR B AIERE, X A K
FE KIS R b8 R ek A Y B R K
FHUY UKL YRALARBEARENHER
SIETAMNUER. A RAXN ZEYTFHFES
FELE RIS YA FIR H Lk R R
BRh L PEER . L PPN B Bk DL B gk bk gk
S0 HE TR ER AR AR SRR B A TE
X795 FRE. BREWRETRA.ZBRN
Bk [Fe(acac), " RPN A R LN, B
KT ENBEENEURESEEAAYERETH
BRI MBI EBFEAMI. F3CU
Fe(acac), AAEMLN , RARGHER G H %, &
LSRR LA D, L-LA) AR YR ER £,

WH—EE [ TR L B (PEG) £ TR TR 3L
BAT N, R T AR RSP

1 XBEH

1.1 FEXAMERY
D,L-LA, Bl Sn(Oct),, TV &, EHATE
FARE BET (<1330 Pa) B 230 ~ 240°C KI1H
S RERBECKERR - SHRENEREH;
Fe(acac);, AR, Fluka chemical; PEC400, i#F O 41 %5,
fERATAEME kAR, Ce R, 0 CES T
#% 24 h, 'H-NMR ¥ BB EH R 5.25, H %
B FREEN 249,
1.2 D, LLLAMFRESNESHH&L
BRI R P #T, SRS,
TE120CT T4 24 h 5 . 78 Z 80 4 W
AR BB FfEAL ], EE AN IT ST THAS 5
~6h BHEZHK BEHEHNERRLSMHER
LA EIR T RERATERER
FE A HE A8 P SR — 2 i R B
REF-YRARNEEW, BEKIN, RE k&
JET 40CT Ha T4 24 h.
1.3 S REMMELEN R
1.3.1 'H-NMR  Varian 4 & § INOVA 500
B IR, FE PR 404 500 MHz, 5 mm H &
& ,TMS 45, I8 28°C, CDCL, RiE#, # Rk
FE#24 10 mg/mL.
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1.3.2 DSC TA Instruments DSC 2910 #4087
% ,N, S5 (40 mL/min) . F+ R # Z 10 K/min, iR
#E 20 K/min, T E - 20°C ~80C.
1.3.3 X4 7R xHSAE GPC
¥, Waters Breese T B B f8. 335 1 . ¥ A 7% b PO & Bk
M, VEE B N 1 mL/min, B IR 40°C , ARFE N B
BERZE. —FOEHBEHEH, EMN2HE
Styragel7. 8 x 300 mm HR1.HR3 1 HR4.
1.3.4 RS (5D BS R E I E,
HFIR CHCL IR (25£0.1)C, B\ —HE" A
Klpl=[2(y, -Inp) /e HE 7] HR>Y
PDLLA AR 5] =2.21 x 10 M7 T E R 5
TEM,.
1.3.5 JTESH ICP £, IRIS Adventism (HR)
SR E SR FERE T RSO0, B 5 A
M5 3 Ak 5 T 2 1 7K T 1 7 R
2 ZR5itie
2.1 Felacac), 4 D,L-LA AHRE&
BIEFRAE . BEHEAMNRSBENRESSE
REHERALE 1. ERBmR, L Fe(acac), AHEfk
FIET 4R M, 7 3.0x10° ~6.6x 10° ®WE(D, L-
LA) (PDLLA).

Table 1 Results of ring-opening polymerization of [, [-lactide using

Fe{acac); as catalyst

a(Fe(acac); }/ Conv. M, T,

No T(LC) t(h)
n{LA} (%) x107% (C)
1 0.5x10°? 130 40 87.8 31.9 54.9
z 1.0%x 1072 130 40 959 551 36.1
3 1.5% 10-? 130 40 94.4 37.6 55.9
4 1.0x 1073 140 40 929 46.6 54.7
5 1.0x10°? 150 40  90.5 42.3 52.9
6 1.0x 1073 130 30 92,7 31.9 54.8
7 1.0x 103 130 50 96.8 66.0 356.3
8 1.0x 10"} 130 60 942 54.7 543
9 1.0x10°? 130 70 91.3. 533 530
10 Sn( Oct}, 1:8000 130 40 85.5 190.8 38.6

* Determined by ' H-NMR{ before dissolution-precipitation)

AR EARE(130C) MRS AI(40h) &K
47, WEE Rk R B K, AR
BEEX, =Y TREAERLANERSREN 1.0
x 10 B S K fE A RIMEAE M H 8 [ n(Fe(acac), )/
a(LA) = 1.Ox 107 JFIB S A& (40 h) &5 T ,FE
ERRBEFE, RAEKALENS> FEBSE TR
g AEHREARBEER n(Fe(acac); )/n(LA) =

1.0x 107 JRIR A HE (130C) &4 T, B & &L
A ] B E £, 28 (R B AL R A 4y T BT 1R 6 R i 3F
R, AEHBATREMNEE . 5306 ~ 9] HE
HWITEHECHEALEYHEEBESNEE TA ER
H— BRI RS T 8, Fe(acae), ERBH
HRAELESEE.

BEYH'HNMR EWNE 1 i . B a
(865.15~5.21) i b(51.56 ~ 1.59) 4k Ky 2L 35 65 4
B POLLAE R PR P REBEFHEEEFHL
MR MARINK D, L-LA B {KK K P E P
BERTWAFECRES AT 65.03 ~5.04(c)
51.68 ~ 1.73(d) . B KR AL B RS YW H-
NMR 8 a fl c B b Al d MRS BE, B L 4k

Bi®E.
d b

a H;Ce 0. 0
-[-O—(le—C—]— IOr
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Fig. | 'H-NMR spectruma of PDLLA using Fe{acac); as
catalyst

T=130C;:=50h

Ll Fe(acac), Al Sn{Oct), HH#EILTM D, L-
LA FHRESHERES YR GPC L WE 2. 510
Sn(Oct), HEAFMRE YR TRERSR
AF, BA Fe(acac), AHELRIHIR G747 7R 1 5
HEMI TR . XS Fe(acac), L2 T 3
BEVBERARET YO FEMELHERA
x.

£ 130°C B 5 A R [6) 1 4% 39 PDLLA B9 DSC
—RIHR L 3, WA R HBUFEEEE T,
W% 1.1UA Fe(acac), HEL G5 H PDLLA M T, L
Sn( Oct), 4L 3R & 1M 18 &9 PDLLA B9, X S5 AT #
Mo FEEIKEX.

K H n(Fe(acac), )/ n{LA) = 1:15 BYHE4LR
HEdi 0, LA REG YRR MER. REH
B f% Felacac), W L BEAF BIfE — R &ifb A — K
ik W aL R U R AT (ICP) Z5 R BR 8K
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Fig. 2 GPC curves of PDLLA catalyzed by (a)
Sn{Oct), ( 1/8000, 130°C and 40 h) and (b}
Fefacac)s (1/1000,130°C and 40 h)
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Fig. 3 DSC curve of PDLLA initiated by Fe{acac), for

different times

TR BEEARMK(—K4LN 0.69%, K
2k 0.80% , BE A 1R & R E W 2= ), R
TERBANERASYHW S FEEP, TLLILA
Fe(acac), R KB M- EAVHEI EF LRI HFE
Al .Felacac), B 3 MEEFR R BRER 58 E T
AT U B, AT R R ARG T Y
B 3 (Fe [ CH,COCH=C(0—)CH, 1,). £ )& ™
Eh 02 S B I B R A B BC -4 AP, — A%
INARBE R SBELL S FIHBAEE A BRER, H

BTABEHMBEEmMS 28N, AHERY
FHRIFEEWRETHH NS BRRELEGY. X~
HEEEREMENSERK BARETYHE
SREG 1 B R EC R o ks fb Ay P AT H-
NMR 4387 , 7 W2 3]+ 57 9 Bk &6 [ —CH, , 8 =
2.0; CH=C{0—) ,6 =5 45 | WY IR s 8 — ik
alifb 7= M H 1 mol/L B HCI ¥ 1 40 28 , &b 78
JE =4 ) H-NMR . S W ) PDLLA R4
BT R AL, T S 2R B i B R A R R B A R T Y
B . X Al RER K Fim B H R ZE.

AHREP RETFYBEFABREXN ST TESY
M, X BB Y Fe(acac); 7+ F 5 3 M FSRETE B
HEME R A AR B 3%, B T s ) o BEL A R I O
HOFEREGM SIS GENKEEERG—
MmO BETBPNRCRESHNRE
MRS TR AER BB RER
SEREFTYNSTEEN SR AREA. TE
R4 [Sn(OBw), [EL R ZRAARES . AT
FEMAET RN K AEE A" EEE RN
FXEIERE- YA TEER SN, L RLRE
RETFEFMRHBRSEET, Felacac), X EE
e FRI KBRS B E A MG L &
2.2 Felacac), AE{LMEPEG HFETFTM D, L
LA AR S

PA Fe(acac), J 4L 7 PEG 74 T #4713
HEANERNE 2. &1 TR+ PEG X4
FHEE—E . BRAET-YOMEMNAFRBETAED
H'H-NMR i " PLA #I PEG #% B¢ A5 57 3L $R 8 59
AWERITEY WE2FR, BESEYY
D,L-LA/PEGE R It 5B bk Y&, HEL Sn
(Oct), ML Ay S 25 R — B £ Ak 52
AR E TR, TER PEC WHY G THE
W2 R 22 B
22,1 RETHEHBLH D, L-LA/PEG
BEJRABHEL R 100/1 B & =¥ {1 H-NMR %
e 4 s .

Table 2 Results of ring-opening polymerization of D, L-lactide in the presence of PEG400 using Fe{acac), as catalyst

D, L-LA/PEG D,L-1A PEG Iy, L-LA/PEG M, MM, T, [1?]

in feed{mol) conv( % }° conv( % )* in product{tmol}* x 1040 M5 (T {dL-g™")
200:1 93.6 97.9 203.2:1 1.74 1.45 44.5 0.263
100:1 90.3 97.1 107.1:1 1.23 1. 42.0 0.246
80:1 84.3 96.0 85.6:1 1.01 1.43 34.2 0.235
50:1 8i.5 94.0 53.5:1 0.97 1.29 18.1 0.232

Polymenization conditions: n{Fe{acac); )/n{LA) = 1.0x107?; T =130C;¢=40h

* Determined by 'H-NMR; b Determined by GPC
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Fig. 4 'H-NMR spectrum of the product of ring-opening polymerization of D, L-LA catalysized by Fe{acac),
and in the presence of PEG400 with molar ratio LA/PEG = 100/1

HEHHBB R TES. K4 §5.03~5.04
# 51.68 ~ 1.73 W 4b 55 /N 1 0 4 51 2 R BT Y
D, LLAEEPEXRPEMPREAILEHERE . 63.72
() 64.3(b" + c) FI4A I IRIE R I BL 2 PEG itk
Bt 5 PDLLA kB AR AE MR E S AT E £
PEG BB S TR A FRES W B T A % 89 PEG HE 5 5
AN A B A R R, e R 5 T 2SR
LEH) T HISIEY PEC WH BB FH iR R I(S
PLA S Bt AR WP B E K B &£ F—CH(CH,) OH
HERBEAE) PLA RBERRIBENSRLE
F[—CH(CH, )OH|H R L # 7 62.6 ~ 2.8
(041 5 2 3 B B9 R IR T (—CH, ) M 3R 3R
W F 81.52 ~1.54(a") HETENE . &R
A P8 H-NMR 3% = 5= S5 21 3 4k i) 2L e 4L K v
GEH(84.9~5.0)MIFEIBE(54.0), BRULERSG
RMEHTRAESE D, L LA FRHRHEMY,

GRS L,PEC 25 T3 R A XEMFHER
4,0, LA RIFE PEC A FHMAREAH, 2
THNERGEWRUBEANRENIBRES 1R
JL.FEE PECHIEHM K . BAKAP PEC A2 TH
B, B, BTy T RER PEC H
B KW FME.PECE 53K D, LIARGHR
MAF AT

H,C Y Fe(acac )4
x j: + HEO—CH—CH,J 00 —,
o 9 c¢H
O

0
H—EO—CH—L},——{-(}—-CHszHz—O—],,—El;}fCH*O‘}, H
tr, b,

a=y+z

SCHR[15]IR1E PEG & 58851 K D, L LA HF
HWEE . EPECHEET, 53| AFAFA Felacace),
WEASERIE 3 H-NMR Wil EREHB L™
YRR PLA-PEG-PLA W =X BR 55 1) (B0 3 Fr
7R, TE Fe(acac), 4L T, D, - LA MW /L EFR
B/XBIS]MHEITRER PEC 25 R A B D
ALY E & T X Felacac), WEEGHR R, FH
Fe(acac), H{Ei#f PEC B 5B G MEEMIER. X5
A Sn(Oct), MM LA R —3 .

Table 3  Resulis of ring-opening polymerization of D, L-lactide in the

presence of PEG400 with and without using Fe(acac); as catalyst

D, L-
Fel acac), D, L-LA PEG
LA/PEG T M,
{PEG in t{h) Conv Cony
in feed T) « 10-3*
feed/{ mol) (%) (%)*
{ mol)
50:1 1:100 130 5 80.5 87.1 3.22
50:1 0:100 130 5 38.7 76.3 1.99
50:1 1:100 130 10 88.0 99.7 5.05
50:1 0: 100 130 10 38.7  86.8 2.15

* Determined by ' H-NMR
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WA bR, BATARLE PECHFET
Fe(acac), fiEfk D, LIA AR RS HILES
Sn(Oct)z[ls'”]E’:JfﬁﬂJ,Eﬂ Fe{acac), B 5 PEG 1E
AAERSHBERESY, XMHBELESYHTER
W ALBE L Fe(acac), fif, #4LE| R D, L- 1A FFIH R
ARITEEW PEC A B X EXMELESYERN
TLEBAE N -EAVNEEHR D, LLA ®ITHE
& EXIBP.PECHENTIRMNBST D, L 1A
HIFFFERE .

2.2.2 RS F R AMEER E s
KL Felacac), HH#EAR AR D, L-LA/PEG LY
BE™UH GPCBE BEFYNT TRIHER

| i -
14 16 18 20 22 24 26 28
Time (min)

Fig. 5 GPC curves of PLA-PEG-PLA catalyzed by Fe(accac),
with different D, L-LA/PEG mole feed ratios

&) n{LAY/n(PEG) = 200:1; b)Y n(LA)/n(PEG) = 100: 15 ¢)
a{LA)/n(PEG) = 80:1; d) n{LA)/n{PEG) = 50:1

BEAMHF(RE ), BHETLES =05
FEA/HB T D, L-LA/PEG = 200/1 2%t B 8 4
s, RERBUEMNESFEYH T FESHERRE,
XA HTE Fe(acac), MTER T HIBEZHRIEAHR
INER L BT IF AR R AR

— PDLLA

—— hoo
e P V)

— im0
e 1/50

Endo

1
-10 10 30 50 70
Temperaiure ('C)

Fig. 6 DSC curves of PLA-PEG-FLA prepared by
different D, L-LA/PEG feed mole catalyzed by Fe(acac),

EEEK DSC R FHR MK A 6 BiR,
MBI RN T, 5 F & 2. HREH, B
Wi T, B8 PEG AR MMM %S TR X2 H
K BE# PEG BE/RBURL b b8 K, B S M0 A X 43
TR N B, B PEG 8 B 3R
S O R B B T M B, B A SR R TR
BEGTYK 7, BEBK. S Sn(Oct), KA
& EES T S
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'STUDIES ON THE RING-OPENING POLYMERIZATION OF D, L-
LACTIDE BY USING IRON( [ ) ACETYLACETONATE AS CATALYST

WANG Xiaoying, LIAO Kairong, QUAN Daping, WU Qing
{ Institute of Polymer Science , Zhongshan University , Guangzhon 510275)

Abstract Iron( [l ) acetylacetonate [ Fe(acac), ] was used as catalyst for the ring-opening polymerization of D, I-
lactide and copolymerization of I}, L- lactide with polyethylene glycol (PEG) . The effects of catalyst content, reaction
temperature, polymerization time and D', L-lactide/PEG molar ratio were investigated. It was showed that the
polymerization conversion of lactide more than 90% could be obtained and polylactide { PDLLA) with viscosity-
average molecular weight up to 66000 was prepared. Experimental results indicated that the ring-opening
polymerization of lactide proceeded via a coordination-insertion mechanism . Analysis by ' H-NMR showed that PEG
acted as an initiator participated in initiation of the ring-opening polymerization of lactide, while Fe (acac),
promoted the esterification of PEG with lactide . The lactide chains grew from both ends of the PEG molecules and
ended with hydroxy-terminated lactyl unilts.

Key words Tron{[ll ) acetylacetonate, D, I-Lactide, Polyethylene glycol, Ring-opening polymerization



