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1.1 AR BEEA{LGE

RETHE(IP)ARESR. B4A D FREFE FHAEEZ R PENSRT B
(MMA) #4250, B 5% NaOH FRARZELE, BU EEFKEZHH, LK MgSO,
TR, ME AW R AWE . O WEsEm S A 204, & EH M X PR
T, 15 F A2
1.2 HEXRDNENK

He3CHk (4 ]| B = 5o B (L] RE(Pyo4)3-(i-Bu);Al-BrCH,CH,Br(RE = Nd, Pr, La,
Tb,Er,Gd, Y)FHRHANFR G HENEE™ K EKEZER SO SES, HiT s
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KRKEA—EEBRE K B LTS BHER, ERRS —ER
6], fF [P MR EPIRAEEHEA—EREBEN, #5, EAHEN MMA E—FBE
THERS—EMNE. RNERETEAS SR ZBERBEEINE, H BEEY
K AZTREEE HEYail2CE R THERBREEFERY P(IP)M P(MMA)
HRY EETREEHOEREY.
1.3 #BEHEHNRIE

MlE 35T THRELEYH EBRA TR B 2056 B Shimadzu IR-470 #1 %,
NMR # 7 Bruker AR 500 B RESTHR{Y E M E, B B{L # TR i PE DSC-7 #4 22 #. 5)
BRI, 4 F 853 A7 B Waters 150C BB RS 1535 o 35U 15

R BRI PO NMR #iE 138 A6,

éH; CH, 8
-GCHZ—CH=C—CH23,,,—€CH2—(I‘,—): 7
4 3 21 6 (E;=o .
(‘)CHa 10
(P, B 1 2 3 4 5
cis-1,4- 8 32.21 135.23 125.03 26.41 23.46
trans-1,4- 5 39.75 134.94 124 60 26.72 15.99
3,4 5 111.30 147.65 47.92 31.21 18.62
(MMA), B 6 7 8 9 10
3 54.19 44.56 16.42 177.88 51.87

2 ER5ITe

2.1 IP/MMA #EXES

2,11 MEMBTEm Nd(Py)s-(i-Bu);Al-BrCH,CH,Br = ik £ EHX BRI - HES5HE
P 4 R P B ) IR BR L B ] A7 T 12 T ) 4 Y 0 A o PR e 3 0 0 A0 R R L 3R
HT, ZEBLE FEND THF # LA-ZEARHARBREF . F 1 AR FRER R
HES RN Fm.

Table 1 Effect of solvent on the copolymerization of [P and MMA

Solvent Petroleum Cyclo- Toluene  THF 1, 4-Dioxane Petroleum
ether hexane ether/ THF*
Dielectric constant 1.95 2.82 2.38 7.6 2.21 —
Conversion( % ) 71 61 54 trace trace 33
[7] (dL/g) 1.30 1.12 1.25 — - 1.46
Copolymer composition™ { MMA/ IP) 1.26 0.49 0.85 - - —

Copolymerization conditions: [ Nd{Pags )3 ] = 0. 01 (mmol/L), Al/Nd= 16, Br/Nd = 3. 0 {molar ratio), IP/MMA=1.0
{molar ratio), IP polymerization: 50T, ih, MMA polymerization: 60T , 6h;
(a) Petroleum ether for IP polymerization, Petroleum ether/ THF mixture(1:1 volume ratio) for MMA polymerization;

(b) Copolymer composition calculated from "H-NMR
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1.2 ZRTESESHIBRYAN RS TWAUNO W R SEm  wF Lk
BUREHFEREEBRS —H A/NA RS FRMLER SRR ENREILEY
M FRIAEENE. HE 1T, Al/Nd HLTE 4~ 28 BN R S L3R Al/Nd B FH
M, BB A SRR I SRR

2.1.3 bR TR A LA 2 SRR ([N FE 5~ 30 X
10 *mol/mL B YRS, #FBE L T M i e S5 b A BR S Eh vk BE S I 7T L &, (BARMEHE R T
BE,IXFE - RUESHE.
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Fig.1 Effect of Al/Nd on [P-MMA copolymerization Fig.2 Effect of catalyst concentration on [P-MMA
Copolymerization conditions: Petroleum  ether as copolymenrization
solvent, others are same as Table 1 Copelymerization conditions are same as Fig. 1

214 REREMER BEIXNRFEEXY

RECUR RGN T, RASHET OCK | A !
4105, MMA B A7 -20C E80CTERE N 1 1.
HHARHESEN, 60T AR E, RBLE  fal 123
WIS R AR SR O ETRE. 2 | I E
2.2 BEARDHRENBE d—"
2.2.1 BEARYMEE ®KELBYET 20 0 2g(uc;‘0 20 20

BHEEF LR BMAME N FEANPN
B BEEF BB AR LY BEEEER  Fg 3 Effc of temperature on [P-MMA
F.DSC M RIFIEE Y (IP B4 S0C 1h,  cowlymerization

MMA %‘% 20T 6h)ﬁﬁﬁ¢ﬁﬁk%§ﬁﬁ, Copolymerization conditions are same as Fig. 1
Hifi - 75.6C R 129, 4 HI% W F (IP), fI(MMA), BE. T, i 129C, #H

(MMA), BRiF & Bl &0 JtEYE GPC i E B3R BEIEE R, '"H-NMR 2 2
N
A, fE 6=3.60.5.12 b4 F i Bl MMA &89 —OCH, fil IP 87 /C=CH— ¥ 4 IE TR UK

WS LA BT RN E R AR A 4 A BB WA C- NMR, i Al —
TR B RO S

2.2.2 HBHBYEHSN £ PUP-6-MMA)F IP BRWEELL cis-1,4 . trans-1,4 I
3, 4-SEHITETE, MMA BT 8B FE £ 42 Rl (mm) . 257 (mr) , @A (er) LR E5H . 4 A P
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Fig.4 The CNMR spectrum of P(IP-MMA)

(IP-6-MMAYE BV C-NMR i, B 4 7€ 6 =23.47.26.41.32.22.125.04.135.24 b
MARARIFIELE, EFVBT cis-1,4 &8, TTE 31.22.47.92.111.31.147.66 44 &
FRFFE IS, /O QAP B 3, 45 I EREITEBE -1, 4 EHE Y
97%., 3, 4- 55T B 3% . RFETL rrans-1,4 1. Bob, B 4 PRBI cis-1, 4 G5HEA
(i) k-3 #07 (T 6 = 30.00 —CH,— % ) F1 BB i 5 7 & (JC 28.40 B9 —CH,—
W), WiRH IP VMM LLL-BRA A ER. B ALRTE PRSI R B E .
A 4EFLIZ I (MMA), B EABIE T ¥ 0088, 6 = 16.42, 44.56, 51 .87,
54.19,177.88, B —CH;. \Ci . :C=O WES R A3, R MMA SR EERR

Ve

N
&+ RUEF 3. —CH; . /C\ RE=ZFRH5, 455 (MMA), 31 mm.mr.rr = 0HF

~ AN
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Fig.5 The expanded *C-NMR spectrum of carbonyl carbon

R3®, My mrrm, mmrm-rmrm, mmmm, mmmr, rmmr 7. /7~ 06 ) 8 85 . I8 13 A0 R 4 B oK
HTHEFIIMKEE(ER ). FPRANFIL = /PR ENRE IR L ER
389 "0 TR F TR (MMA), BB HE S &% 74% . B4, 42 Bernoullia #it
B R First and Second-order MarkoviE MR H B LB FFI R ERE(R3BE=S
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Table 3 Experimental and calculated = (ad) probabilities of MMA units in block copolymer

B i first order second arder
n{ad) Experimental Bernoullia®*! Markov? Markov'®
m' 0.15
v Q.85
mm 0.04 0.02
mr 0.22 0.26
r 0.74 0.72
mmm*® 0.02 0.00 0.01 0.02
mmr'® 0.05 0.04 0.06 0.05
mrt? 0.08 0.11 0.08 0.08
mrm'®? 0.02 0.02 0.01 0.02
rm'? 0.18 0.22 0.19 0.18
r? 0.65 0.61 0.64 0.65
mmmm 0.01 0.600 0.00 0.01
mmmr 0.01 0.01 0.02 0.02
rmmr 0.02 0.02 0.02 0.02
mmrm 0.01 0.01 0.01
0.03
mrm 0.03 0.02 0.02
mmrr 0.03 .05 .04
0.19
mrr 0.18 0.14 0.14
mrrm 0.02 0.02 0.01 0.01
rrrm 0.14 0.18 0.17 0.16
rrrr 0.58 0.52 0.56 .57

a. Bernoullia, first and second order Markov statistics calculated from

b. Calculated from necessary relationships'®-

M. A3, FEHFE LR P (MMA), HERIFF WA S Bernoullia B8, M LUF &
Second-order Markov ZE1HER . {HEC[5]H P(IP-BMA) £ R ¥4 BMA #E &4 ¥ 5]
S S First-order Markov #88. 3X 3 B Nd(P,g, )5-Al(i-Bu)5-DBE 4L H1 3 MMA #1
BMA B & BHEE AR ERVEEE AR, sl &G ERT 3 T MMA & 17 /78 8 1
MMA BRI BCAITA = R, T E N B2 K m 2 4 BMA B #m, XrfES

BEEK/DNEX.
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SYNTHESIS AND MICROSTRUCTURE STUDY OF ISOPRENE/METHYL
METHACRYLATE BLOCK COPOLYMER BY RARE EARTH CATALYSTS

ZHENG Ronghua, ZHANG Yifeng, SHEN Zhiguan
{ Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 3100273

Abstract Poly{isoprene-b-methyl methacrylate) block copolymer has been synthesized by
rare earth coordination catalysts, which are composed of rare earth 2-ethyl hexyl
phosphonates [ RE ( Payy )5 J, triisobutyl aluminum [ Al{7-Bu)s] and 1, 2-dibromoethane
[DBE]. It is found that the rare earth coordination catalysts are highly active for the block
copolymerization of isoprene and methy! methacrylate. The diblock copolymer prepared has
been characterized by DSC, '"H-NMR and > C-NMR. The block copolymer has two glass
transition temperatures at — 75.6C and 1297 corresponding to the isoprene block phase
and the methyl methacrylate block phase, respectively. The microstructure of the diblock
copolymer is a highly stereoregular. For the isoprene scgment in the diblock copolymer it
mainly exists in the form of ¢is-1,4 addition. The content of ¢is-1, 4 addition is 97% and of
3,4-addition is 3% . For the methy! methacrylatc segment it is mostly syndiotactic, which is
74% syndiotacticity, 4% isotacticity and 22% heterotacticity. The n {ad)} probabilities of
methyl methacrylate units in the block copolymer are calculated, and it is showed that the
methyl methacrylate segment obeys second order Markov statistics model.

Key words Rare earth catalysts, Block copolymer, Isoprene, Methy! methacrylate



