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Tab. 1 Effect of catalyst on the molecular weight and molecular weight distribution of copolymer®

Catalyst system "~ [POlo/[MAn]o Time(h) Yield® M, M, MWD

Nd (P204)3— Al G—Bu);

Nd (P204)3—Al G—Bu);

Nd (naph);— Al (—Bu)s

Nd (acac); © 3H0—A1(G—Bu);
Nd (P204)3 — AlEt3

17 79% 2670 4056 1.52

17 13% 2941 4783 1.63

68% 2662 3766 1.41

6 64% 2547 3414 1.34
33% 2205 3580 1.6

— e = N
. b

a, Al/ Nd=8; [ Nd] =1x 1072 mol/1 ; { MAn}1.02mol/ i; in benzene: b, Based on the conversion of MAn
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Fig. 1 IR spectrum of the MAn—PO copolymer Fig. 2 'H-NMR spectrum of the MAn —PO copolymer
1100cm ™' RREREYERFIF L BME, BT IR PERA 1810cm ™' LA (AT BRER
MR R, BHRSHPAHFE — MAn— MAn—#%#E. EH2 HERYK
'H-NMR ¥, SHEKRRAARMUKLENE, 6=6.3ppm 3 C = C IR EHK
FR, 6=5.2 ppm HEEHPCH LRI, 6=4.2ppm HEE T+ CH, L%
W, 6=3.5ppm NBEET P CH #I CH, ERREFRIK, XEYTEETHSETEL
TRIHH:
A5.2+ A4.2

RRTRRAR Eu = ot 4y,

fun= E.u
MAn 14+ E.u.
MWE 2 FARALKRR, — CH, BAAAEE, NMEZBEGTSI=ZHNEE, 2
$i%/R BAB. BAA. AAA = edi#¥i+h— CH, ¥(B fi%& MAn, ARRERPO), H1¥
[ A R xS : b
3. MIBHERRNEHERNEEX

(1) &M
Tab. 2 Effect of solvent on the copolymer yield and structure®
Solvent z‘i/:l)d fuinn - Relative tna: A:oncu. £ 'MAn®
AAA
1, 4—dioxane 12 0.453 0.754 0.144 0.102 0.452
Chlorobenzene 39 0.436 0.712 0.147 0.141 0.440
Benzene 52 0.432 0.658 0.184 0.158 0.429
CH:Cl, 30 0.434 0.676 0.193 0.131 0.436
THF, CH3OCH;CH>OCHj3 0 — — — — —

a. Nd (P20s)3—8Al i~Bu); [Nd]=1x10"2 mot/1; [ MAn] =1.02 mol/1; 60T ; 6 h;
[ PO],/ [ MAn],=2

b. Cakulated according to the relative triad concentration

# 2 RABENER B R YEWKEw, NFaLER, FEERRRERN
MK, BEREE, RORGREARVRETARETHRG, FHOGHEFHEEX,
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HEY P MAn BREBHBEZ N, XAEREN()BERA Lewis BiEE—EH
“hH7ER; 2) KBTETFA.4 ZEARPRE) SHARNBEEP OROERDH TR
HRREMRL. b, RE=THFFISRHEBRNS |, 5258, XHE—5
WL T'H-NMR' #$—CH, ¥HBYIERYE.

(2) BAREBH [PO]/ [MAn] W

BUREOEEE [ POL,/ [ MAD], BN B ER=WAREWEKR, NK3 PTE
i, ¥[PO],/ [ MAn], K 16, BREA—-RKME. {LXYHP MAn BEREERE f,. K
[ PO],/[ MAn], B¥NTIREME, X BRRE B TFHER P PO] M¥msIE, M, bEH
[ PO],/[MAn], B30, =u4fF5I& & BAB M/, AAA Hn, TIBAA B34k,
M3 PBATURHR, fya, BELEEZTET [ PO],/[ MAn],, Xtk R
TERABUNFEEPOBRE S MAn BA, ARASBHBAALE, 4MAn BR+
ARG, RRSBIAS NP A, httuar LAl E LR HE.

Tab. 3 Effect of [ PO]o/[ MAn]oon the copolymer yield and structure 2

relative triad concn.

,

(PO/[ MAslo Vi funn  —— ™ — Frins
0.5 8% 0.467 — — — —
1.0 79% 0.450 0.723 0.198 0.081 0.451
2.0 73% 0.429 0.637 0.243 0.120 0.430
3.0 62% 0.421 0.640 0.180 0.180 0.420
4.0 50% 0.407 0.607 0.199 0.194 0.414

a. Nd (P24):—8 Al (i—Bu)s ; [Nd]élxlo‘2 mol/1; [ MAn} =1.02 mol/1; 17 h ; benzene

() EERHEW '

R4 HERMAE RGBT BREYREHROER. ARPTLLEHR, &
REALFTE TR I WBUF R Py, > Py, >naph>acac (Nd (Py,), KR RFE 3 ). XAlfE
5HBEYHEHE R, XTF Nd (P,,),. Nd (Py,), &Nd(naph);, Nd SHEikHE
S TR, T Nd (acac), - 3H,OP R AR, BN K/DAIREFE—
ERE EEWELRREE. NRPFRFETTUEL, BE[ PO],/ [ MAn], B34, £,
TR BRI EEERB A, ALG(-Bu), ARNEREA RS WML TEE.

Tab. 4 Effect of catalyst system on the copolymer yield and structure® '

Catalyst system [ PO] o/ [ MAn]o Yield MAn relative triad concn. f I({ An
BAB BAA AAA

94% 0.459  0.714 0.192 0.094  0.448

63% 0.445  0.690 0.162  0.148  0.435

67% 0.465  0.750 0.141  0.109  0.451°

68% 0.443  0.729 0.148  0.123  0.445

64% 0.465  0.784 0.138  0.078  0.460

70% 0.439  0.672 0.179  0.149  0.432

33% 0.452  0.718 0.190  0.092  0.448

22% 0.417  0.676 0.165  0.159  0.431
mol/1; [ MAn]=1.02 mol/1; 60T ; 6h ; benzene

Nd (Pso7)3—Al (—Bu);
Nd(raph ); —~ Al (—Bu);
Ndfacac)s - 3H>O—Al(i—Bu);
Nd (P04 )3 — AlEt;

Nd(Ps07)3 — AlEt3
a.Al/ Nd=8; [Nd]=1x10"
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Tab. 5 PO~—MAn addition probability parameters calculated according to
a third —order Markoffian process

[ POJo/ [ MAn]q SMAn y .z x S Man
1:1 0.450 0.215 0.334 0.184 0.434
2:1 0.429 0.276 0.387 0.216 0.415
3:1 0.421 0.219 0.618 0.382 0.410
4:1 0.407 0.247 0.609 0.375 0.402

4. =% Markoffian FEITN

Markoffian ZiHTHAB THARESREIE, LBEMAn-PO ARFE=4
Markoffian &%, EX x=Pagana Y=Pasaa 2= Ppana» JUETCHRHIRN W
Naaa=CYZ
Mean=Nasp =y (1—x)
fMasa=C(1—-x)
LIBAB=C(1 -y)(1-x). CHEH (1)
TE XL R, =1Ngan/ 2Mpan 3 Ro=1anr/ Mean; Ry=205aa/ Nasa» THERTREA(1) I el
5

y=1/(1+2R )

z=[ —R,+ (R}+2R,R,)"*] | R, 2)
x=1—-2zR,/ 2
HBYH, fio/ fla=1+y+yz(1-x) 3)

KAUEARXXMNZI PHREHTHE, FROER S ARPITRL, =4
Markoffian S EBEN fia Sfua BE—B. Hix, y, zEXFAH, BEAABEITHEZ
RKRFE K%K Morkoffian BRI KZMEN x=2, ARSBIEE, x 5 EHEEK,
HTARERH K K LUF Markoffian 4it#iiR. EXFRESRIMBHNMMELER,
LYY EELEN, BRASRA A —%Markoffian A RHR. RAMKLEEM-LN
B3 MAn— PO ERYEIZE, XMUETRIEARLERILE MAn -PO BETEH
MHNERAR, XHTENHREARFRTHE-LEA.
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SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF
MAn—PO COPOLYMER PREPARED BY RARE EARTH
COORDINATION CATALYST
CHEN Xianhai , ZHANG Yifeng , SHEN Zhiquan
(Department of Chemistry, Zhejiang University, Hangzhou, 310027)

 ABSTRACT

Ring — opening copolymerization of maleic anhydride (M An) with propylene ox-
ide (PO) was successfully carried out by using rare earth complexes (i. e.,
Nd (Py,),> Nd(Pg,), Nd (naph); and Nd(acac); 3H,0) in combination
with aluminum alkyls as catalysts for the first time. The relative concentration of
triads of the MAn—PO copolymer obtained was investigated on the basis of
'H—NMR in detail. The results showed that the rare earth coordination systems
were favourable catalysts for the copolymerization of MAn with PO, giving high
yield and almost alternating copolymer. The number—average molecular weight
and molecular weight distribution were in the range of 2000 — 3000 and
1.3 — 1.7 respectively. The composition and the monomer distribution were affect-
ed by the monomer charge ratio, the sort of catalyst, and the property of solvent.
It was also found that the monomer composition of copolymer predicted from the
third — order Markoffian process fit the observed 'H—NMR data perfectly.

Key words Rare earth complex, Ring—opening copolymerization, Maleic
anhydride, Propylene oxide, Sequence distribution





