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Sequence Structure of frans - Butadiene - isoprene Copolymer
with Supported Titanium Catalyst Systems
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Abstract The high trans — configuration butadiene — isoprene copolymers have been synthesized in the
presence of TiCly/MgCly — Al( { - Bu); catalysts when butadiene mole content in the feed are between 0. 055 ~
0.148. The sequence structures of #runs ~ butadiene - isupren copolymers have been determined by '*C NMR
spectrometry. The dvad distributions, composition and number — average sequence length of these copolymers
are calculated on the basis of assignment of ¥ C NMR spetra. The results indicate that the seqquence
distributions of monomer units in vopolymers follow first - urder Markov model according to calculations. The

products are sequence — iregulur copolymers .
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1.1 R

TiCl MgCl, ~ Al(i - Bu)s 1L T 28 - i
BEES. EARER T/ =5x 10" (R,
Al/Ti= 100(BE R ), [M] = 3.0 mol/L,50°C, B 90
min, FEHFELRET w=0 10, DHFIESAERE TR
R BFEANEL.

| SR, PAMRE S T TR IRA R
£l =0.055 i8R T, =36.0C. TZ@WRR 1.
I ERAW.2% FROBRAL L4 -FHE
B/Y9v.1%.

DS EM. A0=0. 115 . FFIBEHEBYT, =
BAIC. T HBERA14-EHEEB RS 7% RIE
CHRER 1 4-ERERR9.0%.

ISR . =0 148 BB HEBYT, =
36.6C . T HER 1.4- EHEEH 97.4%  B1k
MR L 4-FEHE R 98.8%.

1.2 #¥#F58iR

(. NMR A7 F FHi + Bruker FT - AC - 80 %Y
e R (Y, L AU E 7 i35, CCL iE AL L TMS
W TR BN SR, BibE N 19 000 0L KRR
B0 s 3R 6 024 He, 3ER 3.5 ps, EHF LR

2 #EREitie
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Table 1 . NMR rhemiral shifts amd assypmments of the mpol}mem[J""]

No. Chemical shift Units sexquence

) %575 WV rans = 14— mame - 1,40 BLCprans - 1.4~ trons - 1 .41
2 12545 yBy!rrans — Lo - trans ~ 1.4) bBh { rans — 103 ~ e — 104)
3 3.t htorgns - L= 3.4

4 31,0709 Buf rane ~ | o4 = traas - | .4}

5 29 47.0] Bh ifrane ~ 1.4 = 1.2 -7

6 27.96 51 Lib rmas ~ 1.4 = fraas ~ 141

7 17,7258 Bhrew=1ld4- v -1, 4V ordes - 1.4~ trens - 1,41

3 16.514%- Ly trreres = 1.3~ prumn - 1.3)

F or 1 represent isoprene ynit, B or b represent butadiens uent. the nght carbon datomlu= 111 ar Boy s b are ned to 1 or B, 4 or 1 represent the senes numbers of

the carbon alom 1n monomer unit.
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Fig.1 The abphatic region of " MR spectra of
the Bd - Ip copolymer (%= 0. 148}
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Table 2 Dyad distribution of the copolymer
A [BH] R 18] LRI
0 153 0. 183 0.510 n. 156 0 151
0118 0.206 0.393 0199 A
0 4R 0.326 0 275 0. 189 a2

R R R TR B YR
RAEO) BBHEBKE (o) TR . M85
RAER IS,

[B.=[BB]+(_IBl+ BI'}/2

L=+ (B +IBI])2=1 - _B]

np={2[BB]+[BI]+ [IB.)¢ 1B+ [BI )

ny=(2[I1]+[BI]+ [IB])/t IB_ + _BI )

%£3 HERHEBRRFHFIIEKE
Table 3 The composition of the copolymers

At Conversion/ % LT g B 1

0 055 3.8 432 219 0336 0664
0115 4.2 29 2 04k 059
0. 148 51 238 263 0SH 04T

HEIALES AR H T - HBBTiHEg
[BIEmATRBEPT HAIRE ;%4 %%
0.05S i, ny=4.32, HHEBHAMT (B WY o6
B4, HE RS p SR EE S AR T
ToRmEmE e, R R R
BEn B, A0 801488 .0, 5 ny SEFINT. 5
HMEBKEN N 2~3 Mafker, AR PRk
BTMILEGERY 1 B EFBEEE. N
BRE LT SWHILREY B B EHTE K
K. R HTE0.15£0.05 9 H.

2.2 HEMESTHFIKERENSHT

ERSUHASP. EHEEE MR
Bernoullian HEi+ 8 RY#1— 2] Markov #E3HHIE) X

ot R S5 SR N Mayo - Lewis 2 MR
WS EHEBRMNAXRRR SR ERERER AR
i (LW AT L R F T 51

Bemoullian ZHiH R, L FRF K Markov 51118
B CRESEEKRE M QEGE TRENEN, 554
LB SR TS B AR T T Bk R L
ER Py HET PIB(AIT - HRERATEEES
o FHET AR R 40 ARF R BB R A N
) P KFET PR R-ERERATARS
o FHETHERIE) . P+ A= 1LY THE
Bemuullian R B “ THREFE TR LR
g

[BB]= Py

A= PF

CBL+ IB. =2PpP,
HEYTF L Ed.

ng=1/11- Pg)

n=1/Pg

— R Markov SEiHE Y, WH{B oE 18 1< 12 i PR 2B
[RATES I METE ORISR R E . SRR
£ T TRETAEEPCESRR B RENR ML
HEPyi=PBL/P B KmERR HEY
HHEMEP.CHT MR EN R ILER Pyl = P,

IBi Pl WX F G -— % Markov S H BB A9
HEY THREATRXALRT.

BBl = PR{I- Pgt){ Pgr+ Pg)

(I = Pyl - Py)/{Py+ Pg)

‘BI]+[1B] = 2Py Pp/{ Py + Py
HEIYFIHCEE Y.

ng=1/Fy

np=1/Ppy

& ERXRITHNERII TR
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Table 4 Dyad distribution and the nunb+r — averuge sequence length of the copohmer

—
Measured value ™

Calculated value® *

ﬁﬁ

' [BB] 'Ij np n ‘ (BBl '

Remoullian model !

First order Markov model
(BBl [m] Py Pm Ry my

nx 7

0.055
0.115
0. 148

018 031 212 4 xR 011 o4 o34
0.21 4.3 203 2%  0.08 LA 04l
433 028 2,63 2.38 i 0.2 ¢0.23 0.33

0.4 223
0.4 20t
0.40 2.51

1S 298 | 019 0.50 045 4.26
lex 246 | 020 0.40

0.50 2.98
21 1.0 030 030 ¢.d40 21.51

» msults of PC NMR; + % caleulated by £, goren by ' KMR

x4 MEEFERHE, "C NMR Ll 5 — %
Markov BEBUW & 8207 B SR AL {8 L R AT 15 Bd -

Ip £ EWAFF] 470 B — 2R Markov SiH IR i
T2 Markov TR R {UE 8 T kiR @
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b, OMDIRREER D o W, BT M, SRR
fERA M, BT E LM, LR S,
ML E ARG E SRR LR T MR E
SrEB A0 % 0.055,0.115.0. 148 ML R A FEE
BHmARRRTAERTNSR. RE 2.3

HA M)
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RITd

410k
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Sequence length(#)

M2 152 S HEHTY E
Fig.2 Dheiribution of sequence length of copolymer Mo 1 and No, 2
ta) ;7 =0.055; thy j"=10 115

123 4 5 ~ T 5 230

Sequence lengthier

OnfqiMat

I 4 5 67 8 910
Segquence lengthtr)

B3 3edEMTFAIRE
Fig.3 Disribution of sequence length ol copolymer No. 3
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M 2(a) PRTEVE 1, BRI IR EE B Y 71 1 4
Koo AINBRTHEEN F, 4% .0 A8
RECHER S LR HERRN 3. 5%, HHESF
IR IR R aF (M) B 28951 T S EEER o
A HEAE -3 T HREWESE, o
R MEEBG 45% HEILRMT T AT EREA
(RE XL EEI] R HER RS TR M
TRBEN T RBHRTER. WTF /% =0.148 3
BW(LAE N R HERRNAIRS T REEE
S ~3 DMREBTNE, A LRI E
HEBERET M8 F, B 0756, Bt %
MEFBREES.

MEEL S B AT LU R R o m e SR oy
HELF HHEA, VEEEFE SRR . 10 &
0.15£0.05 5H.

EERERINIMIERR BB LEAH
ThE LOHER—RERER ARSIt R
Waf i FRPR R ER K (rg = 5.7 1y
=017 . HEFRLENERERPR T HBHERE
EEAT H TS MR S S (T A a6 A
R P e 0 6 . o TR ORI mC H /0 %
0 B BEER HMEFRLENEA KEPT
THELER [ BERME.S 5 BE 0.055 8, B
BHEMAR T BEL TSI TTAE 3. B 2(b) &
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20 PRANE. BREDMBA /K 01480 L
3)FT 3L TR AR RO & B A E], BT R
PP TP HEERRKESY 2.5, HELEHE Y
W% HHEES 5 BEE 0.115. ILAfFF G B &
ROHRERTEREVBRE H p Ry Ew
[OLE 20b) | H¥e bRt BIE I H 29%6F 1 FF
ZFO0.055, kB A RYEK L EREMR LE 2
(a) O 268 B ILAR B — % Markov £ 84 A] LA fif
T 3k AT 2 B - F

R RMEREREMH{ETHNEE S
¥OHE X NE 100 MREF TR E NN B
R rEf A B g AR SRR
LA R RN LR S) RERERHLEY
EFREEEE.

R =200P 3Py /(P + Py)
Ko R EMATARAREEEITERS LA

R=200/(2+4 ryx + rp/x)
b« Hpka g

v=[M 1IM,]

E5 HEWSTHARY
Table 5 Runs of copclymer vhams

N 0,085 .113 0148
R measured ) 31 41 40
R vaculated ) RE] 44 S0

EiEERE . ROTESRESTMEMRER
+ R R 0~ 50, FHARY YT
By HEE O AR IEEERE.
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