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Vs W 4% Fi] s FeCl, VUK, AR, I~ AL T
1.2 LANFARRESE

R RFE A AT, RERE LA 28,
EI0CTFTHR 20 EER. ELREPKKmM
A— BRGNS EMELT, ELIMTHRHS T
HWESS~6h, BHTHRE EHERERRILSM
HnERETLBBIFBIP LM, RERATL
W IR A A A P BB — i A TR B

BAYRATERER, RIEKTUN, RE %R
EFHOCTEETH 24 h.
1.3 RiE
1.3.1 'H #1"”C-NMR Varian 2+ 7 B Inova 500
NB B 48 5 8 B L ¥R 4 . ' H-NMR #9 3 3 58 % 500
MHz,5 mm # &%, TMS A 4%, R E 28°C,CDCY
FHEH P C-NMR BEEIRITE 125 MHz, 35 % 29.36
kHz, 353% 3000 3k, REEBKvh R 2.2 ws (WA
22.5°) , % FEmtia] 1.8 s, BB [A] 3.0 5, R
28 ,CDCL, HEH.
1.3.2 MM TFHERERESD GPC &,
Waters Breese FY#F B €2 33 {3 . % M58 3 24y 70 S5, ok g ,
PEBEE Z Hy 1 mL/min, FE10 40°C  BRFE BB BR
2B . SHAETRRER, 25 2 Styragel 7.8
x 300 mm HR1.HR3 1 HR4.
1.3.3 SRR ([7]) HASRMEETHE
#% CHCL ,BERS+0.1)C,BE—AE"AR
(9)=[2(n, -Ing)]"/c i E[4] . B(D,L-FX
%) ( PDLLA) #1 3 ( L-F3 22 BR ) (PLLA) i A 3 K 33
STFE M, FRRBAR [gl=2.21x107"M)7
R} =5.45%10"* M>" HE".

1.3.4 MALDI-TOF MS 3% B8 REFLEX [l #/&
3 BhOGAR R e o RAT 18] B Y (Bruker A F) ,
PE) AEOLE, LK 337 om, RAZER T H
HAR, LM IER TR, REERMR 0.5 ns, IEA
25 kV, B g5 e B 1. 55 kV, &4 R K =0
MR TS AR (TAA) , 7 30y I 5k i ( THIF )

2 ZREITiE

2.1 BAFU4HFAREESHER

2.1.1 BlEMAERNEW TLFIHT 45
FRRENEEERRO)/IMILTSIA D, L-
IAFREANER XRBETEHEENLE
VBEERSNEBEETABRE —ERNELES
ML, BNE 1 GRALIE S , X R R
EUT AT EEMBRESNT EEE. H1)/
[MILLETFRKF 1.0x 107, RERGH LR
9% E, BREXTRER . FEHEMI/M] K
0, T Fe(O'Pe), Sl R R AW EERELERR
SLEE I MBL AU B ELEN BATYH
W FHEBAEIIVIMIKY 0.5 x 10776, B
Fe(O*Bu),#b, HE 3T HENHA BHEMK . EY
[IV[MIKATF 0.5x10° )5, BMER AT/
(M A 488 KT R, [(11/IMIHFE 1.0 x 1077 ~
1.5x 107K FRER K XAEREES R
ARSI AESEERGEERNEMLS
Wb, FEAC T SR K AR ) T R A R BHE ,
B | & B, 8 K A L B BH
MEHRESTF TFRAENREREBRIE.

Table 1  Results of polymerization of D, L-lactide at 130°C for 48 h with ferric alkoxides as initiators in different [11/[M] ratios

Initiators I MIC10-%) Conv{ % )" M, x10°** MM} M, x107° r,(c)e
Fe{ OEt), 0.5 86.2 4,36 1.62 5.73 52.9
1.0 94 .4 6.14 1.61 7.28 54.9
1.5 95.4 5.87 1.60 6.62 54.1
2.0 9.8 5.26 1.63 6.44 53.2
Fe(O"Pr); 0.5 85.3 3.94 1.65 4.86 53.7
1.0 93.9 5.08 1.68 6.24 53.2
1.5 95.3 4.20 | 1.68 5.51 52.9
2.0 96.5 3.6l 1.69 4.2 52.6
Fe{0'Pr); 0.5 83.4 2.10 1.72 3.05 51.3
1.0 91.6 © 296 1.73 4.51 53.3
1.5 92.1 2.87 1.74 4.28 52.5
2.0 92.6 2.77 1.76 3.86 53.0
Fe(0"Bu); 0.5 86.0 1.90 1.98 3.17 50.7
1.0 96.2 1.86 1.92 3.14 50.2
1.5 96.8 1.84 1.92 2.99 49.3
2.0 96.9 1.78 1.88 2.78 48.6

* Determined by ' H-NMR; b Determined by GPC; © Determined by DSC (N; = 40 mL/min, Heating rate = 10 K/min)
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mE LR, MEMEERS RS TR
TFEEZEL WM, Fe(OE), HEI ERMEET™
MM FREE®, H % Fe(OEt), >
Fe(0"Pr), > Fe(O'Pr), > Fe{0"Bu), IF# ¥ .
[1/[MIEE A 1.0x 10 B, L Fe(OEt), A5 K7
MESTYHMEN NS FRE(M,)E 7.28x
10°, ML Fe(O"Bu), A ERMB S~ M,
XA 3.14x 10° . T F 3, 0L 72 B BT 4 &
FBA, I ERAHBRAYHN TR, H
FEEARE—-EPR.
2.1.2 A KM [1]/[MIH X 1.0 x
0 HESEE N 130CH LA FREANE
RAFE24 M RERBERNARMAER, B
EROHAREAL ERN T2h EREMNRER
B AER R 100 % (5% 4 94 0 I 48 3 58 B 1K T H-
NMR i A BT ) (HMRFBERE &L, L
Fe(OEL), BEI RF MR G 1k § 1L F 15 & it [A] B
MEETFHEI MERN BEFYNSTRE
B4 36 h IABIBRAE, #R 5 BB S WV B[R] A9 E KT
BTG, X 58ae T Er Bk R
AR , 1 B84 Bt ] A 6 B BB LR B AR O AR AN IR AT
BEBIRNARXR. X—ER5L Sn(Oct), L HE
HHLE& RS hE| &AM X A
WREGEEEHLN . S5RAMN D, L-LAKNES
RN G EFEESBE=YH S FRE W
BE U Fe(OR), 5l EMMEE NG TER
BLOEAHEEMAT. M, &K 19x10°. BT
B TFEIER, L-IANEEFYN S TR
BEHERT D, L-IAMBETY L HEA=Y
STEWHEERE, BIVAN D L-LAMEESE™
MoaFREE.FTESHAFELAX.
2.2 BEeEYyosFRSS

4 BB % D, L-LA FHRES=Y GPC 4
WINE 1R, BREHENWSTFERER D
B ERIFKTE-ESRSRBREMNESH R TE
HEE LU EBREREN RGNS RS
MR MNRI1EGEEFA B9 0FES
Tid Fe (OFt), < Fe (0O"Pr), < Fe (0O'Pr), <
Fe(O"Bu), M FF M ZMAER. k2w, X—8
EMEEL, L-LA FEERNES YR LR,
MEE R, BN K DABZETAES
EYRSTRERNEE MRETUN S TR
A RKEWE. G4 BASBET TR £ MM

THERMNBEG =YW TESNEA—ER

WL ER R NEE R YRS TRAA

AR AR 1 FIR 2 B, X T & B, A

TRARHRETYHNNTESIAHLEEE

Bl AR AR TRRR SRS HRAT UM

STFRATRRE, 7 RARRBEANERS | E
B AT IROR A AT RE R B

Table 2 Results of polymerization of L-lactide at 130°C for different

times with ferric alkoxides as initiators with [[1/{M]=1.0% 1073

Initistors  t{h) Conv(%)* M.x107"® M_/M" M, x107*

Fe(OEt}; 24 9.6 12.98 1.54 18.19
36 9.5 13.97 1.55 19.00
43 98.0 10.63 1.54 14.87
72 100.0 83.42 1.52 11.85
Fe(0"Pr); 24 90.8 9,83 1.62 14.60
36 95.3 10.07 1.63 15.01
48 96.7 9.03 1.63 13.36
7 100.0 8.60 1.64 12.67
Fe{O°Pr); 24 6.2 6.24 1.72 9.84
6 9.1 6.31 1.74 9.99
48 96.5 5.43 1.74 8.67
7 100.0 5.32 1.76 8.31
Fe{0"Bu); 24 90.5 2.37 1.87 5.14
36 95.5 4.08 1.87 8.52
48 96.5 3.03 1.89 7.01
72 100.0 2.67 1.91 4.11

*) Determined by ' H-NMR; ") Determined by GPC

1 1
12 14 16 28 20 22 24 26
¢ {min)

" Fig. 1 GPC curves of PDLLA intisted by (a)
Fe{OFt),;, (b) Fe{OQ"Pr)y, {c) Fe{O'Pr); and (d)
Fe{ 0" Bu),

{11/[M] =1/1000; T=130C; :=48h

P HLXTHRAEGYSHEANERL
AV R AXBRREAGHEST YR TR
TR FEEFRBEGHRET, B Sa(0ct), K
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Bl %A ([1]/[M] = 1/8000) 4 EL i PDLLA #) 4 T
B A 1.49, 10 LABEER 5] & & 8L 5 PDLLA
1 PLLA WA FRAMEMLER.

2.3 BESIATEFARBATEROGERLE
FAfaar ik E

2.3.1 BEIBRPHREREACER Bl Fe{OKt),
5% L-LA BA R8>8 R % 14" H-NMR % 40
B2 R, BhRAS=5.17 /- 2BERA A, T

fr b 4 FREELAE 130CBI R L-IAFHRE 2 h i3
B EZAR R HRE RedBPEE
HHELER B4 THE S HREMHARM
MHFER, BN FEESE R F &R TR
FAE'HNMR B =4 B 2 fr i 608 M
" PR R HARR SR AR AREM
19,4 ML S WTE 130CE | R L-LA THRESE
AR REE=YHIEREL.

1 1 1 1 L 1 1 1
526 5.24 522 520 5.18 5106 514 542
&

Fig. 2 The homonuclear-decoupled methine ' H-NMR spectra of PLLA synthesized at 130°C for 72 h using Fe( OEt); as initiator

2.3.2 BEUMNAZREAARESHIWEFHE
AR P EHA,PLA D TP AR IHF
FIRALEN B A C-NMR i FE BN T8, H
o 3L U 7T 37 A R A o YR B BB RS TS W F
Bl R R B U . PLA & FEER 4RI M
FOTHH AL, i s RFRAR, i RAMPHTaL
BT LREMKXE, s BRAHSHT N LH SO
REMXR B3 BUMET R D, L-LA FHE
SFFE~PH " C-NMR 3, B 45E RS2 B R e
SEH S A0 B T R, AR R AR RO TE A B
B RS REF T £ 3.
BRERAGTRS D, L-LA FESLINAL, W &
A S HLF A SN B A EEE P, AN 0.5 AR A
7 A A Bernoullian # 3,2 P, =0.56F , B 3 F &
37 HIFE % 89 Bernollian &5 H™*' D =0.25,E =
0.75;4=0.375, B =0.5, C = 0.125. B R" C-NMR

HPHEXRREB AT 20 G o REH
E—ERE,BEBKRE, R 3 HINE LTS
B R MES P, = 0.5 B Bernollian 4 38
MLEEHBAIER, HARETI X D, L-LA B3N
BRMARZEEIWY, FE—EREN L%
HE ECHEWRED, RAULZBANEE( AL
(acac); ] #31 A7 & 8L & PDLLA 4+ F M &
Bernoullian i ™ TR EIEP D, L-IARTE
L-BEHLIN BB . B 4E Coudane %' Fl Kasperczyk'®’
$#HAHEE PRSI HER 4 T HFT s B
MM RETE,4 TR D, L-LA FIF
REMPDLLAKY P R TF 0.5, AERI. BARET
“C-NMR B AE 2 RS HBLERE G R 5
ROMEERE R AN, HNRWEIIX D, L-
IAHNREE —EMF AN EENE, X5
Sn(0ct), K51 &M GRS MK,

Table 3 Intensities of different tetrad and hexad stercosequences measured in " C-NMR spectra of PDLLAs using ferric alkoxides as initiators®

Tetrad

Hexad

Initiator MM, - P T {%) T2(%)
D{(isi) E iss A B C
Fe( OE1)4 1.61 0.22 0.69 0.09 0.26 0.61 0.14 0.56 24 68
Fe(0"Pr), 1.68 0.19 10.77 0.04 0.40 0.48 0.12 0. 48 32
Fe(0O'Pr), 1.73 0.23 0.67 0.10 0.24 0.58 0.14 0.54 16 80
Fe(0"Bu), 1.91 0.18 0.74 0.08 0.20 0.51 0.09 0.64 56 64

* Polymerization in bulk at 130°C for 48 h with [1]1/{M] =1.0x10°*
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Carbonyl A

B
C

/ Fe(O'Pr),
Fe(O'Pr),
Fe(d 'Bu)J

Fe(OEt),

169.6 168.8
S

Methine E
iss D
| Fe(O'Pr),
Fe(Q"Pr),
Fe(Q"Bu),
Fe(OEt),
200 696 692 8.8

g

Fig. 3 Expanded regions of carbonyl and methine carbon atoms in '> C-NMR spectra of PDLLAs obtained using ferric alkoxides as initiators

Where A (8169.45 ~ 169.6) = iiiii + iiiis + siiii + siiis sequences; B(5169.2 ~ 169.4} = iiisi + iisii + sisii + sisis + isiii sequences; C{&169.05 ~

169.15) = isisi sequences; D = isi sequences; E =-iii + iis + sii + sis sequences
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2.4.1 EE YW EOL €T A # (MALDI-TOF
MS) 2 4 MALDI-TOF MS (B 5+ IR & &
—5FRIRE, HBE Y K25 207 s 3 447
BET - PHERFE""™ B 4 2L Fe(0"Bu),
#3531 &4 B A PDLLA 9 MALDI-TOF MS & &,
% 1 mol/L 5 BRALFE , H XHAFEMFT T Na K
HEFL EEFEAT —RIBHAAESES
FEEENTTFETFE, UAME(L)NERS
METRIEMFESEMZ 1 A PDLLA JE 3% ¥ &5
HEEND B, m/ HEREERKREZEN
72, 556 FL B i) B W JR) I K B TR e A 2
BER EREBXKW —HE TH(m/z:2833.7,
2905.6,2977.5,3049.6) A5l , HBFHER — A
FREH KT 16 BB T 1&E (m/2:2849.7,2922.1,
2993.7,3065.4) , H it o] HE W, 33X B 4 B F i 4y 5]
2 PDLLA fll Na([m+ Nai" )#Ii K({m+K]" )
R IE ATERAY A FERENEE
BEI B EARSYH THINEENTAE,
TEANREELIRENERXSRAWE S THEH
BE RSN KERREM-AATERTHE
TS CiTie) PDLIA iR g =R 72,5 T2
FZ— ARG E PRI RER, X EHE

BEIBPRLET 4 F 8] # B8 38 % B . [F) SR
RETWEREL,EEFRAHAHSTA
BB AN RBERYN S FETE, &
B TEY%TE 130CTFTRM 48 b REAT 4 FREM
BE AR B, A RESTFAMEER®REN, XS
DAGEER RS2 BOBEER R R

2.4.2 "C-NMREMERSHF  WE3FT .4
MEEALEDSR D, L-LAFAREESHBN
PDLLA ¥7F 5 =69.40 FiE BB T L m e, © 4
BN iss SLM R B o R BB B F i R IR M, 1 i
STHFFREERAIBPERET A FRBERAH
ERMAESHFED™ , KRB s HEEES X D, L-
LARRREMNSBPHBEET 47 B M B
RRE. ,

FIFH"C-NMR ¢ BN R E BT H B W
BFE Bero S HMER AR EBAXBLRN A &
WK iss FEFI O HIXT B 22 I AR S| ABRRE
WERT,:

T, = I/1,
AP I RERMBRA iss FFIEMTTH A
MESBEMEMFFNN, LLERXERAER
PEACH LR (7 THR S REBZTI)is FFI K
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Fig. 4 MALDL-TOF spectrum of 2 [[1/[M](1:20) PDLLA sample using Fe(0"Bu); as initiator

Mase( miz) = (Mp,on — 1) + nMy + My, " or Mass(m/z) = (Mp,on - 1) + My, + My*

{ Where Mp,ou =74, M), =72, My,* =23, My* =39)

AT P4y 38 B, R 48 Bernoullian 4t i1 9 B~ I AR
HAHHE I, =0.125.

HAE Bernoulli it , WE S FHTLEF B
R, isi 3L K FF P RO THXT FR 43 R R 0.25,
mESFHRT AR E BRI H R, isi 3L 75
RAEXT B A 3B 2 0,125, Al BE HF BR T B W)
¥ isi 3T FE 5 A9 4R X B 2 2 RE A 0.125 38 B
0.25.Coudane ™ R E A WA ME MG isi 37
B X — BB TEARET B 1
B Ac B E NIRRT,

T, = [(Fw — T ) Ty — 0-125] x 100
KP Lo BRFAEEBMAEZ LR NEAT isi LHF
Fipg A Xt FRAT B, [y =0.25; [, R RNE
isi FRBHESIEE,0.125 R4y FHEL2E
A EERE BT isi SEAR RS BB AR X B A SR EE .

MM RIEFENERAN TR I NERPHE
&5 BRFAHEEHI T CNMRIEHARTESH
SEESEEAEFNERMTZ MM BRESRYH
B EH4THELSYMALTHEAARESNERZ
BERTEEARE T, HXEF, TERREEER
MEE R IEN, X SUBE RS RFG A PLA K
HFERESABRREIARIR-HB.

Gt ERERAMBRE N EXHGT,
Fe(OEt), .Fe(0"Pr), .Fe(Q'Pr), 1 Fe(0"Bu), X}
IAWAFEENMABREMS ZEHS; X L-LAK
FHRESLMMELIEA X D, L-LARAARRS
B ER S MmN EENE; D, L-LA T
EANIBFPEREEN S TR KRN
UMENBEFEYN>FRASPTESHEEE
-7
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FERRIC ALKOXIDES-INITIATED RING-OPENING POLYMERIZATION OF LACTIDES

WANG Xiaoying, LIAO Kairong, QUAN Daping, WU Qing
{ Institute of Polymer Science , School of Chemistry and Chemical Engineering , Sun Yai-Sen University, Guangshou 510275)

Abstract Ferric ethoxide, ferric n-propoxide, ferric iso-propoxide and ferric n-butoxide were used as initiators
respectively for bulk ring-opening polymerization of lactides. The effects of initiator content and polymerization time
on the polymerization were investigated . It was showed that these ferric alkoxides were efficient initiators for the ring-
opening polymerization of lactides with higher than 90% of monomer conversions polymerized at 130°C for 36 h.
Maximum molecular weights were achieved at 1/1000 of initiator/monomer mole ratio for the four ferric alkoxides and
then decreased gradually with increasing the amount of initiator and prolonging polymerization time.Poly( D L-
lactide) and poly( L-lactide) with the maxium viscosity-arerage molecular weights ( M,) of 7.28 x 10" and 19.00 x
10* respectively were synthesized by using ferric ethoxide as initiator. It was found that the ligands of the ferric
alkoxides had significant influence on the molecular weight and molecular weigth distribution of the polymerization
products . With increasing the volume of the ligands of the ferric alkoxides, the molecular weight decreased and the
molecular weight distribution broadened.'H and " C-NMR analyses indicated that the ferric alkoxides studied here
had no racemization on the ring-opening polymerization of L-lactide,but exhibited isotactic stereoselectivity addition
on the ring-opening polymerization of D, L-lactide . Intermolecular tranesterification took place during polymerization
of D, L-lactide for the four ferrc alkoxides as evidenced by the resulis of MALDI-TOF MS analysis, and
quanlitative evaluations by " C-NMR were made for the four initiation systems.However, no regularity of ligands of
the ferric alkoxieds on both of isotactic stereoselectivity addition and intermolecular tranesterification was found due
to incomplete resolution of the ” C-NMR speectra.
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