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The new dinuclear CGC (constrained geometry complexes) with indenyl and methyl sub—

stituted indenyl and polymethylene bridge have been synthesized, and the copolymerization of ethylene
and styrene has been studied in the presence of methylalumionoxane. The activity of 12—methylene and
9—methylene bridged dinuclear CGC were 4 times higher than that of 6—methylene bridged dinuclear
CGC. This result might be understood by the implication that the steric effect rather than the electronic
effect may play a major role to direct the polymerization behavior of the dinuclear CGC. The dinuclear

CGCs are very efficient to incorporate styrene in backbone. The styrene contents in the formed co—
polymers ranged from 6 to 45 mol% according to the polymerization conditions. The melting tem—
perature of copolymers disappeared at high content of styrene (about 11 mol%). There is no styrene—
styrene diblock sequence in copolymers. This result indicates that the dinuclear CGC are very effective

to generate random copolymer of ethylene and styrene.
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Scheme 1. Structure of dinuclear CGCs.

Polymer (Korea), Vol. 30, No. 5, 2006



434 st e =

FAE AR B3 FEAE 60 TellA] 48

H
ARE ek WA Sk

ZEEH 7x 24 T vATE 2 24E PC-NMR,

1H—NMR(Varian, Unity INOVA 500 MHz) & Z743}3]0,
dddlzt A F=A= 120 TollA 1,1,2,2—tetrachloro—
ethane (CoH4Cly) /dimethylsulfuroxide (DMSO) —Dg (volume ratio
4/1) 2 G2 2183l Sk

AXME Z=3kA|o] AL differential scanning calori—
meter (DSC, Dupont TA 2000, AIXFAILZA) & o]gsle] 54
SIeltt 20 C/minz 71t fEjdolR 5 (T oF 53 (T
S 439 om, 200 TollM 183F €841 3 20 C/minZ
A7TRA AASE(7) 5 S8Iith A9 s8A1e 4
S 1H37] Y8l $19 #ES 23] HHESle] second rundk
=y

2 g
N
N

EIL

KX
=

A

Zu 9 B2

Zni&. CGC(constrained geometry catalyst) = MAO
(methylaluminoxane) £} &/J3}x]o] A7} AE|R] FE§
ol $<3t BE Yehle Zow 2 A Qu T CGC
el P 7 5% CGCAl i o83 old@la} AEe] ¥
FeolA] 2ERS] FEH] W ke mE Eu)] 2448 Figures
17} 200 YERSIT

Figures 13} 204 H5o] ZujEide ek o9l AE|H9)
Fwtlel #Agle] tAadte] dol7t dojdrs Frlsislen,
ofdle] dEFeMtE 2 A7E VRt 12—-HE™l th
243 7 DCGM12¢t DCG12 Fulo] 242 4904 CGC
e} 6—vE 2] di-2 7 DCGM6 4 DCG6 Fuie] &
AAHT}E 40 ol =& AFE vERgich sARE 9-wgl v
A3t} 12-dg tdeldds 7k 9] E4dxks A et
A ke, ol ARgol 1 WEdl 1Fe] Al ols] WAt
T3 RS PN A FomA THEEE TTHRIATYI
mjEole 9 olef gt AR R F F< CGC Eule] @de] theld
2ol dol7t Fash ks k= A & Utk olgk F2 F
&g T7F @ ZEivddy) s geldss vkl
bent—metallocene Zmj2] A7}l s Jx|akglch?!

66— 43k 7k F0](DCG6, DCGM6) &) E/d2 =
Al FHaseld], ol e vedde] [xprle] anpEt €4
9] QA Aol &3t A Z8381817] wiiolrh 6-HEdA v
AYS AF2 0w widso] 7 T4 571 7187t S5-3 Zlo]
olg}, AlER2EAe] g3t chair HEIQ} BIsd 37+ A
o] Aojub F FA4 F£LE equatorial? axial Xl E=AE
ol T3P FAFE TR 1S Al SISl Ho ¢
Argeliell sl Fujardo] ztastA Hk!

T oad S gRER 7|9 WERINE AR e
e wEJAA 7 A velsET, e X317 dAAg
e fehe AL FE-2 & ¢ XN viddl A &
Aol Ax} Fofdl] FouH SIS KT 9EE s

otk

=2/, A30¢¥ A5%, 2006

1
ey
i
ol
fols

Activity (kg—polymer/mol—Ti h atm)

0 1 2 3 4 5 6 7 8 9 10
[Styrene]/[Ethylene]

Figure 1. Effect of styrene feed mole ratio on catalytic activity
of E/S copolymerization([Ti] =2.0x107° mol/L, [All/[Til=
2000, 2h, 1 atm, 40 C).
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Figure 2. Effect of styrene feed mole ratiq on catalytic activity
of E/S copolymerization([Ti] =2.0x107° mol/L, [All/[Til=
2000, 2 h, 1 atm, 70 ©).
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Table 1. Styrene Contents and Thermal Properties of Ethylene/
Styrene Copolymers Obtained with Various Catalysts at 40 C
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Table 2. Styrene Contents and Thermal Properties of Ethylene/
Styrene Copolymers Obtained with Various Catalysts at 70 C

Styrene

Styrene

Catalyst [S]/[E] (mol%) T,(C) T (0) Catalyst [S]/[E] (mol%) T,(C) T (C)
0.0 - n.d. 130.3 0.0 - n.d. 132.9
1.0 5.1 n.d. 101.2 1.0 5.4 n.d. 101.6
CGC 2.0 8.5 n.d. 85.6 CGC 2.0 7.4 n.d. 86.1
5.0 22.3 —-13.1 n.d. 5.0 20.2 -17.1 n.d.
10.0 31.8 =7.2 n.d. 10.0 29.7 -8.0 n.d.
0.0 - n.d. 135.8 0.0 - n.d. 126.3
1.0 6.3 n.d. 95.7 1.0 5.8 n.d. 99.4
DCG6 2.0 7.9 n.d. 82.5 DCG6 2.0 7.5 n.d. 76.8
5.0 12.8 —-12.2 n.d. 5.0 11.5 —-14.0 n.d.
10.0 19.8 -7.1 n.d. 10.0 19.2 -9.2 n.d.
0.0 - n.d. 130.1 0.0 - n.d. 128.2
1.0 6.4 n.d. 86.2 1.0 8.4 n.d. 91.3
DCG9 2.0 11.8 n.d. 66.3 DCG9 2.0 11.3 n.d. 65.9
5.0 27.1 —-21.2 n.d. 5.0 27.0 —-18.5 n.d.
10.0 39.2 —8.2 n.d. 10.0 38.8 —-8.2 n.d.
0.0 - n.d. 132.9 0.0 - n.d. 130.4
1.0 6.9 n.d. 103.2 1.0 6.4 n.d. 108.0
DCG12 2.0 12.1 n.d. 79.8 DCG12 2.0 11.8 n.d. 79.7
5.0 28.5 —18.3 n.d. 5.0 28.1 —-19.5 n.d.
10.0 41.3 -7.8 n.d. 10.0 40.9 —8.6 n.d.
0.0 - n.d. 132.3 0.0 - n.d. 129.7
1.0 6.7 n.d. 93.7 1.0 6.8 n.d. 96.8
DCGM6 2.0 7.5 n.d. 74.6 DCGM6 2.0 7.9 n.d. 777
5.0 13.1 —-18.9 n.d. 5.0 13.4 —18.5 n.d.
10.0 20.8 —-8.2 n.d. 10.0 21.6 -10.7 n.d.
0.0 - n.d. 132.4 0.0 - n.d. 129.0
1.0 6.2 n.d. 107.6 1.0 7.2 n.d. 99.9
DCGM9 2.0 11.7 n.d. 91.1 DCGM9 2.0 11.9 n.d. 75.9
5.0 30.8 —-12.6 n.d. 5.0 28.2 —-15.6 n.d.
10.0 40.5 —-5.5 n.d. 10.0 41.4 —8.7 n.d.
0.0 - n.d. 130.4 0.0 - n.d. 130.7
1.0 7.8 n.d. 95.8 1.0 6.8 n.d. 111.3
DCGM12 2.0 13.6 n.d. 73.2 DCGM12 2.0 13.2 n.d. 89.9
5.0 31.2 —-15.2 n.d. 5.0 30.5 —-194 n.d.
10.0 42.5 -6.3 n.d. 10.0 44.8 —8.0 n.d.

Polymerization conditions : [Ti]=2.0x 10 mol/L, [All/[Til=2000, 2 h,
1 atm.

Polymerization conditions : [Til=2.0 % 107° mol/L, [All/[Ti]=2000, 2 h,
1 atm.
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Figure 3. "’C—NMR spectrum of poly (ethylene—co—styrene)
(methylene and methane region).
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