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Abstract: Polymerization properties of six dinuclear constrained geometry catalysts (DCGC) were
investigated. The different length bridges of three catalysts were para—phenyl (Catalyst 1), para—~xyly!
{Catalyst 2), and para—diethylene phenyl (Catalyst 6). The other three DCGC have the same para—xylyl
bridge with the different substituents at the phenyl ring of the bridge. The selected substituents were
isopropyl (Catalyst 3), n—hexyl (Cataylst 4), and n—octyl (Catalyst 5). It was found that the longer catalyst
not only exhibited a greater activity but also prepared a higher molecular weight copolymer. The catalyst
3 having a bulky isopropyl substituent revealed the lower activity but formed the highest molecular weight
polymer comparing with the other alkyl substituted DCGCs. These results were able to be understood on
the basis of the electronic and steric characteristics of the bridge. This study confirms that the control of
the bridge structure of DCGC may contribute to control the microstructure of polymers.

Keywords: metallocene, dinuclear CGC, ethylene/styrene copolymerization, copolymer sequence, bridge
effect.
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Scheme 1. Structure of Dow CGC and Dinuclear CGCs having Six Types of Bridging Ligand.
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oM, Ay AFMAAS 718715 CaS0s AHE BiAA 4=
Be AT Fof ARgaiglt Bt Akiol]l w1718 SRIEEE Glove
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(ZrCly, Aldrich Co. USA), sodium cyclopentadienide (CpNa,
2.0 M solution in THF, Aldrich Co. USA)-2 1] ok AA814] &3
TIe AdeE AMEATE Fel| Azl AMEE 1,4 —dichloroben—
zen, a.a—dichloro~p—xylene, titanium chloride (Aldrich Co.
USA), 1,4-bis(2~chloroethyD benzene (TCl Tokyo Chemical
Industry), —BuLi(2.5 M solution in hexane, Aldrich Co. USA),
indene (Aldrich Co. USA), dichlorodimethylsilane™ tert—butyl—
amine (Aldrich Co. USA)2 7413t} A glo] ARg3lsict Fitel
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&5 TiCk(THF)3 (1.38 g, 3.75 mmol) & 25 mL2] THF (25 mL)
o] ol golg 78 CoA} [{(INBwSiI(CHa) o} (CoHe) 12(CsH) 111
(1 g, 1.7 mmol) THF &fe]] A5} H7zict 47} $of wkg7]9]
LEE AL0T SujY Foo] Mo] Zalox] 2 MoF Wish o]
F 3R AR Hke-2 AEAZ, o]F- AgCl054 g, 3.75 mmol)
& s 27durge] mi2s) Fegsl= Ao dach oF 1ARE &
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'H NMR (300 MHz, CDCls, 25 C, 8, ppm): 7.72(t, 2H, CoHs),
7.40(, 2H, CoHy), 7.28(d, 2H, CoHs), 7.22(d, 2H, CHs), 7.14
(s, 4H, CeHy), 6.57 (s, 2H, CsHs), 1.17 (s, 18H, ~Buw), 0.92(d,
6H, Si—CHs), 0.70(d, 6H, Si—CHz). "*C NMR (75.46 MHz,
CDCls, 25 C, 8, ppm): 138.00(CsHy), 136.07 (CoHs), 134.87
(CoHg), 129.23(CoHs), 128.36(CaHs), 127.53(Colls), 125.42
(CoHs), 120.06(CsHy), 98.52(CoHs), 63.44 (C,=Buw), 32.4 (CH3,
+~Bu), 3.56(Si—CHs), 1.13(Si—CHa). High—resolution mass
spectrum: [P7)CagHaaNoTiaClLSiz, m/z=800(M "), 763 (M " —
CD, 728 (M'—Cly), 689 M —Cly.

{Ti(5*: 7' ~CoH5Si(CHa)aN'BU)CIo} 2 {CHo(CsHa)CH2} ] Catalyst
29| BHM. B F3HE-2 Catalyst 1S Alxsh= wis 22 Jyog
AEE o, @A) tetralithium DoE [{(NBwSi{CHy) )
(CoHa) 12 {CH (CsHO CHa ] Lig(lg, 1.62 mmol & AREIICE A
AAe Bal AAE2 He wilde] IARA 32%Y FER do
ek,

"H NMR (300 MHz, CDCl3, 25 C, 8, ppm): 7.71(d. 2H, CsHs),
7.58(d, 2H, Colly), 7.38(t, 2H, CoHs), 7.28(1, 2H, CoHs), 7.10 (s,
4H, CgHy), 6.35(s, 2H, CoHs), 4.35(q, 4H, CHo), 1.35(s, 18H,
~Buw), 0.86(d 6H, Si—CHy), 0.63(d, 6H, Si—CHz). “C NMR
(75.46 MHz, CDCls, 25 C, 8, ppm): 138.01(CsHy), 136.38
(CgHs), 135.18(CoHs), 129.19(CHs), 128.90(CyHs), 128.38
(CoHy), 128.08(CoHs), 124.75(CaHy), 97.43(CeHp), 63.48 (C,i~
Buw), 34.80(CHy), 32.54(CHz.~Buw), 3.52(Si—CHy), 1.22(Si~CHs).
High~resolution mass spectrum: [P CagHaeNo TiCliSiz, m/z=
828(M™), 790 (M —C), 758 M =Clp), 720(M " —Cly).

[Ti(": ' -CoHsSCHa)aN'BU)Clalo[CH, {(C3H7)2(CsHa)} CHy
Catalyst 32} &M, & 3BIE-L Catalyst 15 AFsh= Py 2
FH oz APE|giov WA tetralithium B2 [{(N'BwSi{CHs) 2}
{CoHg)12CH2{(C3H7) 2(CeHo) } CHel Lis(1 g, 1.62 mmol} Z AN
st} AE7e Ball AES P A0 TAEA 40%2
&2 o,

'H NMR (300 MHz, CDCls, 25 C, 8, ppm): 7.70(d, 2H, CoHs),
7.69(d, 2H, CoHs), 7.34(t, 2H, CoHs), 7.23(t, 2H, CoHs), 7.08(s,
OH, CaH), 6.26(s, 2H, CsHs), 4.42(q, 4H, CHy), 3.08 (m, 2H, CH),
1.14(s, 18H, +Bw), 1.01(d, 12H, CHa), 0.87 (s, 6H, Si—CHy),
0.58(s, 6H, Si—CHa).

15C NMR (75.46 MHz, CDCls, 25 C, 8, ppmy): 138.04(C, CgHy),
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137.53(C, CsHp), 135.90(C, CoHs),135.36(C, CoHs),134.75(C,
CsHs), 129.21 (CH, CgHs), 128.86 (CH, CoHs), 128.40(CH, CoHs),
128.29(CH, CgHs), 127.46(CH, CgHs), 124.79(2CH, CeHy),
97.47(C, CoHs), 63.48(C, +-Bu), 32.58 (CHs, +~Bu), 32.17(CHy),
28.92(CH, i—CsHy), 23.89(CHs, i—CsHy), 3.52(Si—CHa), 1.16
(Si—CHa).

EA 2M. CyuHgoCliNSizTiz (910.68): Caled. C 58.03; N
3.08; H 6.64; Found C: 57.99; N: 2.86; H: 7.14.

[Ti(#" ' ~CoHsSi(CH3)2N'BU)CI2]o[CH2 {(CeH13)2(CeHa) CHel
Catalyst 42| M. E 3}8IE-2 Catalyst 12 A)zsh= Wiz} ke
Fgoz APH on, B tetralithium FLE [{(N'Bw Si(CHs) o}
(CoHg) 12CH2 {(CgHi3) 2 (CHa) } CHa] Lis(1g, 1.62 mmol) & AR
SISt AEHES T8 MBS I 2] 1AIRA 47%2) &
)=

'H NMR (300 MHz, CDClz, 25 C, 8, ppm): 7.73(d, 2H, CoHs),
7.59(d, 2H, CoHs), 7.38(t, 2H, CoHs), 7.25(, 2H, CoHs), 6.85 s,
2H, CsHy), 6.28 (s, 2H, CoHs), 4.37(q, 4H, CHy, 2.48(t, 4H, CHy),
1.47 (m, 4H, CHy), 1.35(s,18H, t—Bu), 1.15(m, 12H, (CHz)3),
0.89(s, 6H, Si—CHs), 0.86 (m, 6H, CHs), 0.61(s, 6H, Si—~CHz).

C NMR (75.46 Mz, CDCls, 25 C, 3, ppm): 138.70(C, CH),
137.46(C, CéHy), 135.89(C, CoHs), 135.74(C, CoHs), 135.53(C,
CoHs), 130.94 (CH, CoHs), 128.98(CH, CgHs), 128.37 (CH, CoHs),
128.16(CH, CoHs), 127.96 (CH, CoHs), 124.78 (CH, C¢Hy), 97.60
(C, CoHs), 63.52(C, +—Bu), 32.64(CHs, t—Bu), 31.91(CHy),
30.99 (CHz, n—CgH,3), 29.37 ((CHp) 3, n—CgHy3), 22.83 (CHa,
n—CgHi3), 14.36 (CHa,n—CeHi3), 3.59 (Si—CHa), 1.24 (Si—CHb).

EA BM: CsoHraCLiN2SisTi2(994.84): Caled. C 60.37; N
2.82; H 7.29; Found C 60.34; N 2.78; H7.31.

[Ti( ' ~CoHsSi(CH3)2N'BU)CIoJo[CH2 {(CeH1a)2(CeH2)} CHol
Catalyst 52| M. £ 38IE-2- Catalyst 12 A8l 7 2
HFoz AP o, &7 tetralithium FL2 [{(N'Bu)Si
(CHs) 2} (CoHg) } 2CH2{(CgH17) 2(CsHo) } CHol Liss AFE3I3TH
ANAdg B3l BIES L2 A4 JARN 48%2 47 o
ojxit},

'H NMR (300 MHz, CDCls, 25 C, 8, ppm): 7.71(d, 2H, CoHs),
7.58(d, 2H, CoHy), 7.34(t, 2H, CoHs), 7.25(t, 2H, CsHs), 6.85(s,
2H, CeHy), 6.28 (s, 2H, Calls), 4.36(q, 4H, CHy), 2.46(t, 4H, CHs),
1.33(m, 4H, CHy), 1.34(s, 18H, t—Bu), 1.14 (m, 20H, (CH»)s),
0.87(s, 6H, Si—CHz), 0.85(m, 6H, CHs), 0.59(s, 6H, Si—CHs).

3¢ NMR(75.46 MHz, CDCls, 25 C, 8, ppm): 138.71(C, CeHb),
137.44(C, CeHy), 135.72(C, CoHs), 135.52(C, CoHs), 135.50
(C, CoHs), 130.96(CH, CoHs), 128.96(CH, CCoHs), 128.37
(CH, CgHs), 128.34(CH, CoHs), 128.15(CH, CoHs), 124.76
(CH, CeHp), 97.58(C, CoHs), 63.51(C, t+~Bu), 32.63(CHs, +~
Bw, 32.12(CHp), 31.05(CHs, n-CgHi7), 29.67((CHz)s, n—
CgHi7), 22.88(CHz, n—CgHiy), 14.36 (CHs,—CsHir), 3.58 (Si—
CHa), 1.25(Si—CHy).

EA SA: Cs54HgoCluNsSisTi2(1050.94): Caled. C 61.71; N
2.67; H 7.67; Found C 61.68; N 2.69; H7.62.
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[{Ti(7”:n' ~CgHsSi(CH3)2N'Bu)Clo} 2 {(CH2)2(CeHa) (CH2)2} ]
Catalyst 62| M. 2 33152 Catalyst 12 AJF3R= e} 22
Yoz N o, YA tetralithium B2 [{(NBu)Si(CHs) 2
(CoHp)} 2{(CH2) 2(CeHy) (CH2) 2] LisZ AME3ISTE A78& 53
AR A B TARA 35%2) FEE ok

"H NMR (300 MHz, CDCls, 25 C, 6, ppm): 7.71(d, 2H, CoHs),
7.55(d, 2H, CoHs), 7.41 ¢, 2H, CoHs), 7.28(t, 2H, CoHs), 7.16(s,
4H, CgHy), 6.30(s, 2H, Cols), 3.33(m, 4H, CHa—CeHy), 3.03 (m,
4H, CHy—CoHs), 1.36(s, 18H, +~Bu), 0.92(d, 6H, Si—CHa),
0.66(d, 6H, Si—CHz).

BC NMR(75.46 MHz, CDCls, 25 C, 8, ppm): 138.92(CeHy),
135.77 (CoHs), 135.00(CoHs), 129.06(CoHs), 128.42(CoHs),
127.91(CgHs), 127.42(CoHs), 124.43(CsHy), 96.83(CoHs),
63.11(C,+—Bu), 35.67(CHz), 32.23(CHs,~—Bu), 31.37(CHy),
3.42(Si—CHza), 1.11 (Si—CHzg). High—resolution mass spectrum:
[P*] CyoHsoN2TiaClLSis, m/z=852(M"), 815(M"—Cl), 786
M*—Clp), 711 (M"—Cl).

it A EE

T FHLE 40 T, oA} AR FEgolide AES
F5 0.4 mol/LelA] X8sii 1 Aoe Table 1) EAEGITE AE
2] HlE $8 Dow FoiE oA 714 oju|d 2 AT 3 Sl
T3tk

=0 &Y. T3 92 Sl 5499 7R 71EAR 9 4wA Fe38t
o} sl obfe] 9473 5448 71 Ylel® o] AU
wom Ful2xe] oju|s} 7EX]7F HASHA 7hASHA =7 wizeltt.
Fof vt ulgl Zo] Sl 248 771 Fie] S 54l
we} thepstAl Lhelieh, 8439) 224 Catalyst 1 < Dow i
< Catalyst 3 < Catalyst 4 ~Catalyst 5 < Catalyst 2 < Catalyst 6
o}, 7Fd 22 Catalyst 1] 32 92.3 Kg Polymer/[Til.h.atm
o]z 7Fg 2 Catalyst 62 8432 394.8 Kg Polymer/[Ti] .h.atm
S 2A] 4.3u]¢] ZJo)7} Wt

Zl) el et tejElzi=e] do|s} X@A1e] JEE A
Hxz} Zo| a#E 27| 913fe] the]=]7t=r} phenyl(Catalyst 1),
xylyl(Catalyst 2), diethylene phenyl(Catalyst 6)¢! &rjje] 24

Table 1. Results of Ethylene-Styrene Copolymerization with Six
Dinuclear CGCs

Catalyst Activity” M,(x10™°  S(mol %)°
Catalyst 1¢ 92.3 8.7 11.3
Catalyst 2° 293.1 34.2 14.2
Catalyst 3 192 67 16.2
Catalyst 4 277.6 23.8 17.9
Catalyst 5 280.3 12.8 18.3
Catalyst 6° 394.8 46.1 16.6
Dow Catalyst 190.6 45 9.5

Activity =Kg polymer/[Til - h - atm. M, =viscosity average molecular
weight. “S=styrene contents in copolymer. “These were borrowed from
the other paper.
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& 22} 92.3, 293.1. 394.8 Kg Polymer/[Ti] hatm o2 nj&
& 1:3.2:4.301th 8498 ok 2|7=7} phenylel 3-9-o& st
Al sgkort tEjdo)7t xylylell diethylene® Zlojw &4 3
Hl, 49) o1 S7KISATE Phenyleld xylyle] Wz Qlst 84 &
7¥e FAR1o xylylolA diethylene phenylE2) #gk= ARA
o7 A veRdth AWLE He Catalyst 12] 48 2 Al
A T7H] Full Fol TP e 84S 1Ol A FAlef o]

= olck W Catalyst 62 8448 H12] 248 v} olRle
ojgimdzAlel 2] L chejgizize] deo] F, - 4H Alo)
A7t Wi FQFE HojF Aojk

Soigdold et X189 fak= dejglzhert gt Zo)
A xylyl?] 712725 7AWzl § 79 X84 711
Catalyst 2(X1%4] 1), Catalyst 3(XEH*= isopropyl), Catalyst
4 (R n—hexyl), Catalyst 5(X8AE= n—octyl) &} BAJelA
vepdth 848 Catalyst 3(192 Kg Polymer/[Ti] h.atm) <
Catalyst 4(277.6 Kg Polymer/[Ti].h.atm < Catalyst 5(280.3
Kg Polymer/[Ti] - h + atm < Catalyst 2(293.1 Kg Polymer/[Ti].
hatm) o A2 F7lsle] deleiztee)] A X849 a3}
e HREHATE A 7R 52 2L AP 9 wel
ERtor] X18kA9] rzel] Aiglo) @A EAlhs Eoiee B
5 AFA} Gl Catalyst 250 B 39S BYch X18A] FollA
© 797} 2 isopropylE 7F Fuflel 890 7k wighe). Zojr 71
AR n—hexyl® n—octyl& 71! &= isopropyl XEAE 71
7 FfErhe G4 28 848 el did X847} gl Svllehe
AR BAE Wit & S el viehd teleizlee] A8k &
W= SRR B S Qlvk 2@e) dort . et E iso—
propyte A 8AZE 712 Catalyst 32 W& B34S 8w, 2542
TZ7F 2017t 23 n—hexyls n—octyl& 71 Catalyst 4, 5= )&
A7} Y= Catalyst 29F FABH 22 2498 B3k

A o= B ojgivgdRAle] Fixo) w4709 IFoR ¥
78 7 Utk 1358 4o 7P ¥ talgizb=s} phenylQl
Catalyst 10137, 22152 o] T wAlZ W2 isopropyl XSAE
7F xylyl HleiREEg] Catalyst 3o1ck: AWIgk= 212 Catalyst 39
L & A7) 7EE F0li]l Dow Foiigl #do) fABRR= Aot
3RS AFAPE St F2 A@AP) 7 #3220 n—hexyl#} n—
octylZ 71 xylyl thel2izk=e] Catalyst 2, 4, 5o, npAek 47,
2 Z40] 71 32 velzlit=7t diethylene phenyl?) Catalyst 6
oftk 7} 15 BAS vlwehd 115 208 1 325 140F =1 ¢
2.2:3.21430F T1550] WHske wuitt o] vy, % 100%%
7keHich

olefdt A= olsiMER Al thEEzk=e] B4do) E4do T
A= FEHE Wk A HoiFs BoR W rix @l F2
atct 3, el 7P £ 9Es S A vlejeizi=e] dojou
17289 vRejelise deolzt 7F & phenyl(6.5 A)olx, 21%
7} 3ES] cElaizie B RAR 21 xylyl(7.9 Ao, 47789
vz o)zl 71 1) diethylene phenyl(9.3 A)olth =,
HelEik=g] o)) phenylellA xylylst diethylene phenyl® 2
ool it B8 STk om xylyl thejelzize] Agkay) wgt

io

e "R/ AE | FFEA vl A G 81

o whe} o] WEkARE ojufsh Aol xylyl vhelRi=g 71
2787} 32259 olgHERAe] S 1089 4052 & Ale]
off EANEIc T WAl veleiime XEAE dgaie] Fl
BAE dEe elr] 248 gltks Zloltk 21053 3T1%S
H s dolg 7 xylyl the] 7EE THAAL 9lar v X8|
7} et SZujsel 8492 192 Kg Polymer/(Ti] - h - atmoilA
293.1 Kg Polymer/[Ti] - h - atm7b4] Halaisic). o= vzt
9] BAE Ao RM Faljo] FHEYE s Wgled 24
& = Q)RS Hogs Zloln) Al Wixe vhelelii=e] XAl 3
of wa} o) EAo] tiekalA] AP Aotk 275 Eujol
Catalyst 32 tlelejii=2] X187} isopropylEA] dol= #A9 -
7} 2 v 3715 991 Catalyst 49 5+ ZZH7F n—hexyl#
n—octyl24] ol isopropylell BIEl 3, 48 AR F-97} A=
- BAJS BQIT) FEF Catalyst 2% XA A2A XgkA7t
g Erfjolth Ale] k= XAt isopropyl?l 9ol 7 W
PAE By, 287 n—hexyl# n—octylQ! 79+ isopropyl®ll
nlal] Fafu} 58 @d-E veRiSIch wike- gl B2 XgT ¢l
T A9E U ASAE 7R Ao fARE B4 KRl Flojt, of
Z& Falzh & X gAlE S E4E HEA ot o= HE

U AR AV S 2 vl 23 vehdrks 2e B

oEt

Yeleizize teleizize] Xgapt 8 2 niAE 33
AL dAEQ P Ar|Fel A AsE 4= Sl 94 o
glejzk=el Zolrh Sujje] e nixle JAlA gl d71ERl o
k- ol l? AlAl eiAAQl &3kE A RAL ThelR7=r} phenyl
) Ao )2 EAAle) wekAle] wislE AzisiAl wellE &

= 7R Aol FolAl HAE xylyle] S ol#slh g8l avke
A5 okA 11 diethylene phenyle] B3 Ab) g4ddol 93t
Wl 7] AlEA B AoZ olaignk. AR Lok 56 A
Q1 A phenyle] dok=6.5 A, xylyl®] 4dol= 7.9 A, diethylene
phenyl?] Zol= 9.4 AQl A& njwshd dejzkzel o) e
A vigle] Wal g olaliE < itk vhijgirke) dolrt v
2] Zo)g} §212F phenyl th2le] 7ol kA7t E447el w9
She Gkl AFAR] & Fol FIHRY Ashs AsliAm, o
22 Zlo|7} ghake] 29 9511 diethylene phenyl2] 7890l <
AR walje]l gk whgAle] wielE: Ashs FAlE 4E0 R ARt
Zck whd cRIERIETF xylylQl Aol o A2 Wi} &4
sh Qlakee] Ars dejaizice 248 AgA el OE g
ol g3 ZgE) T AR 7130 Gt giki=e] 4
o7} phenyl, xylyl, 22]31 diethylene phenyl® ¥&}5FH methyl—
eneo| SR F7RHTA Zolrt 7RIt 3718 methylene 7|
BAog A Wng 7M1 el 7]0E Fleld, olFle] viE
thelg)ztee] Wl ojgh #7]2Q) oJgko) Fck kAo APy
58 TR AR e 8930 MRS IAA Sl F
e WA AaE @l gk ckeiziey dolrt 1%
oA 47150 % HopAaa] viephs YAlaths & FAH Alel9] Sl
Asi7) THasle] @dol FUskA k. st veldolrt 115
A ATTE o7 HolAEA] UehE AV)AQ avks S48 Az
Ao el 23t B M-S TIAA AAF R FH

“O o0t

32

s
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82 Frbe - AL FH

s STHIIE Zo= ofsiEnt o)Al telelzk=e) X@Ar) 3
el MR e 208 3280l 43 4719) odirERAS &
af ezt s XEA] Qg YJAFE Gt telEis
xylyloll Ak X182 X=X AP S8 A HES 4= 9)
= HHYE & dom, HEY Aee XEA 9 F2AQ1 56
gHolek 4714 9] X8kl isopropyl, n—hexyl, n—octyl©)
= Catalyst 2= 7|5 FlEA XAV} 40249 87} = 7
Solck XA 28T a0 7 AEE F Qle A9ol= 24
9]\l 9] AekE Far X|2kAe} dAE A Hol dAEge
E A w7} WS WA Elo] Fuje] F3Ede] oA Flo)
o} 9B XBA7E gl Aol X|@kAlol Qg Walli= Akl &
3 23} isopropylo] XI8A1E 7F Catalyst 32] 8442 X184} Q)
i Catalyst 22 8400 v]al] A3HA Rkt o|ZFE i 27)9]
oo} Ha7} F isopropyl 387 arEo® HES = 9I8S
BolEE o 4= Qi) wbH X|gA7F n—hexyl® n—octyl¢! Catalyst 4
2} 58] 4L 277.6% 280.3 Kg Polymer/[Ti] - h - atm.BA] &
ARt ghe BSAIL o= AEATE = Catalyst 29] 4 293.1 Kg
Polymer/[Ti] - h - atm¥}X= A1) o) o)zt 71 X)skA) 9]
AR AP Sl 2k AR vERdch 1ok of o)
7} 1 AZA= 28 §le B9 FARE ¢ 171 X1@Ae] 2
o7} AolA thlzRI=s} 8% Alo]e] Arjrrt dojxd X3
7} o) @A tlelzi= Aleldl &g & YA H7) wEo.
2 olsdrt. 5, A2 Ao|7} thElelki=s} 497 Alel2) Az
B} ZojAd X8l S8R AelE X A e
o glaL o] 2 QU3 X|FA7E FJHe v A= Gk vie- vAEA
LR utol] gict o] Catalyst 49} 52 E4jo] X|gkal7} 9=
Catalyst 29 ZdRr} vjAeHA] worarl fARH A Azl & o
gt = A2 X3Ale] A71AQ1 ZHE AwRrat A7l 9
B AP} 71EA 0 R BE AAE AlShe alkylolth X7}
n—hexyl?l S| 247 n—octyl?] i) 49 ol 2.7 Kg
Polymer/[Ti] - h - atm24 FAIZ & Sl FFold, o|E2] &4o]
AEA7E QU= Catalyst 29] AR} e Aoz Hof tE)gjzi=
of] ZABKE X18AQ] 77121 Fgo] ol 7|A G TR
T Ao= ols)gtt

SEEH 2| ExIgk 6719 ol@vE 247} Dow S AREslo]
Al AT NEjd FFEAL] BRI ARE Fulo) ule}
AT 2lolE vepiSit), MAldos 7 2 BAEks 71 iRt
= isopropyl X187} 23 xylyl vElElR=E 7B Catalyst 39
2YE A9 3o, 7P Fe AR R 5
phenyl TlIEI=E 7} Catalyst 1004 A=) 7714 Eajj=
HE] AT FEEA| o] BA1EE 670000 g/mol(Catalyst 3)>
461000 g/mol (Catalyst 6) > 342000 g/mol(Catalyst 2) >
238000 g/mol (Catalyst 4) > 128000 g/mol(Catalyst 5) >
87000 g/mol (Catalyst 1) > 44600 g/mol(Dow =uj) o2 7}
23k o] & vlER BARRE A 77F4 FulE: 15:10:
8:5:3:2:10)1, 671 o]HeR=Al 7|22k vlE28:5:4 :
3:1.5: 1% yehgth oleidt FHullyz wslel] wpe A nEate)
AR WslE FgAde) Wsle} vlushd F 7Rx] Mol F3ig
2olde B 4 ok SRR olggRie s Y BE 5

22, A35A A1E, 20114

A= -

=4

AQ] FRFL ol W2 A0l Dow FE AT FFEAL] &
AR} 4% 2 oPd A Yelkhs Holvk 299 el
Dow Zwllr} vk 838 HQl Znly| 8 FF-(Catalyst 1)7F A
BTk § WA Fulle] Edel R whe 8T AV 22 24
] 17} 48 FEg ot o)2RE] YR FFEA AR Aol
15880 o125tk &, Fulje] /30l wle} e F5EAL A
W3} At 84 A3 Rt @ g Zlofn) drkoR F3ke
Zal) 2437 71 ofeld 24 IR THRARS] ERIEF 24,
B A8 Anpe o)z Ale] teleRi=E Bz ow AYE=
TR BAEES 15819] HA7RA] o] 7FsEhE HolFal Qlth

WAl ko 2R Alzels mialke] A S5 gt
Al g-H AAZGL] Lol 3=t 7Fg 2e AYE 7KL vk -
H Aol A A3ea 2 X192 717 a@az A=
iR o)A R B2 BAERS 7R 2P AET): wet
A ojeimezAle] theRie. Wele) o|2HE] ek 1w &
Ao AiAle- ARl g-H AAZEL] FPoA] o=l
of shc} A, RISl BRI Wsle} oAl thejeri=
9] Ao} viA= Y] BAE ARl the]=iFE7} phenyl
(135, Catalyst 1), xylyl(32E, Catalyst 2), 22 diethylene
phenyl (4778, Catalyst 6) 2 ZojZle] vl o|2%H WJH ¥
A Q) EARS 87000, 342000, 461000 g/molE 212} 4uljs}
SR A 78I o3 vEldold] S A 1AL B
2% 718l AAEE BT ol o= veleikiee] Wsle] u
& Fl) &4 Wslel wUs Aot thele] Aoz} AojAd ol
etz ale] @A) A9t oo At ARk ARs d
ARA o] A2z} MZeA] X YA Wells ZasiEA A
Aoz F3ol TAY 2459 AFErt F7FIHA drt olg) 7
2 AR TP AEE BREe) wsle) ojuldt 93 EXIE
d&sl= AL 44 ekt vl phenyl tIE 71 Z0jj7) & Zol
HI3) AR 2R wRAE AVdshe Z0F Bop k2 tilE 71
olgimlgR A B F2 o] 23|y p-H AAFEE &
g7 el golshAl E3 T Aehts AR kele] M= 243 9
A8 ARFFAN FFo] =R A0 F ST 5= itk Y ZHo)
7} oA 4 R Flo] AAA =, ool wet E9F
oA Apehbs TRAAIRIS AT SVl Bk e A
E= 3AH dAFe ke ==E vieas] @48 o'
2948 Ao Axap A4sle] g-H AATES] 7318 7417
I oof] ujgt AYEE A EAlEe] FolubA E Aot F
WA= geldole] F7IE Q1gh 17|FQl Jgolrt. Zu)) E/gdolA
AFa}5 5] thelZdo)7} phenyl, xylyl, diethylene phenyl® &
7}k 738 phenyl T%° methylene (CHp) o] 3 F7le=
Z0]31, methylened AAIE TFshs B4 73 Qo WA
tejde]s] S7Rs 8449 AREE FIAIA FIsRFE &
e £ 5 Q3 o) F o|ZRE] AEE IRARS] EAE Ut
A7 A9E x| 2 Zlolot olefdt A2 Adds 7 d
gt

YjZo)7} phenylolld xylylZ Eelvhe @AlRIME ol25H A
AR B 4817} =AY oieldo]”) phenylolA diethyl—
ene phenylZ Eoius @AlelME 587} Bofut 25 tieldo)7}t



thelelhms] T2} o8 0GCel 5 54

xylylolA diethylene phenyvl® Sohlle Box e Aljdo g
A 7P} ehghe & <= Qlth Phenylold] xylyl29] s}
9} xylylelA] diethylene phenyle] ®gl= 25 tlelo) para 854k
0% g 7k 2] methylenee] F7FATR= el 58k wzjolx|vt

ofEe] PIAE Y 3 @Al phenyleld xylylZe] #iafellA
2 A delteh ol27E tielzel o) wslel WE BAEke) W
3= 713”1 FERIRs ARl o] o] A Agshs AoR
olali=lm 53] A G phenylold xylyl2l #alol ehb=
= ..EL;{}E‘}: 77F z%;ﬂgo 2 c%:]}ﬂz%o 9_17}. ﬁ 10]@ 740 &2 o]gﬂ
ok efsbd H71420 932 methylene©) Z”]'E] webch 974
§ ] AT FP) 2 01‘51 7ol ol& lgh PRl 7t &
s GAs Ao odur] wiRelu). ofest Syl 1 q teleiriert
xylylolAl diethylene phenyl® W31€ we]l eR}= Bxlae] ¥
3R 271209] ko R olslid 5= ke Ao} duksha xylyl vl
RIEHE E497500] vix 1L PAARY A= vleks}y] witoldl.
Qeokst vheldols} Zulee] WA wixle] BxjEke]
AE TRIEIZE=7] phenyleld xylyl2 24012] wlofi= Zofjo] 2
2 e dAARl o] dAlshAl AR el gkl
FH 9247 Hx gg)ejzi=rt xylylolld diethylene phenyl® 2
ol wol= ofn] glAFRl o] Alekzl Aelo|P & methylene )
F7FE et 4711 dgfe] srRate] RAekS AR 5
847}

AR vhejeizi=e] 28As) o) Alel 24 "g*’ B
A S AR Al cRRIEE xylylE el X3
g 1sopmp§,l n—hexyl, n—octylZ W7 o]2HE] %mr]*’:"
BRI 128000 g/nol (31, Catalyst 5) < 238000 g/mol (3

1%, Catalyst 4) < 342000 g/mol(371%, Catalyst 2) < 670000
g/mol(2_13, Catalyst 3) 0 & F7lshy Sop]82 1:2:3: 5%
S7IRIT s telelzk=e] xge] walel et S
439l 7= Catalyst 3 < Catalyst 4 < Catalyst 5 < Catalyst 282
o, Z7F =10 1.45 1 1.46 1 1.5301t}, olejgt Axz e o)sin]
S0 xjghAle) el AR mate] Bxuke] Adudo]
2 7P FEE Aol ixﬂf"w & 5= ik Al Theiss) A
o] ek fdule Sk welel s TEeke] B4
2 ¥isle $ds] ThE AL 3ol 8L AEA)7) isopropyl?)
Catalyst 32| &0l 717 wiar V=) 37k419) Fff Catalyst 2, 4,
59 &S HdA o7 FUsHA eRix T“} o|EHE AxH TF
A FARRE 2| ajlo] mit F xjo)E Hol7] wlitelt) E3] A
o) Ut gL Yehlis ol¥vEs il Catalyst 2, 4, 5EH-
B AdE ST EARE 2wl o] Hols et ol
s SRR Al “H e Fujtzeo] Wl s vitksh

A HakepAt Eulle] FREEL Fulf7as) Wisle) JdiEes &
e HoFs Zlolr}, o= "ﬂ'%lﬁﬂl FielA Fuliye] ek A
A IRk AR o] MAA 0F JbsTh HolE vle £
gt Zujolth, T WAl zi7ie] C’rﬂﬂﬂ“‘:q g2} Fajekate)
Al AE FeEA] BARE theleii=e] AR %
#&H n—octyl < n—hexyl < H, 213 % < isopropyle],
B8-S 1 <2 <3< 5otk Xylyt vhelelh=e) 288 n—octylel
A n—hexyl2 HIAZIAY X FAE Glolld o|27E Zdllsh= F

1.‘_‘

A oA/ AE- FE A vAe 9% 83

7} QiA|ak o2 RE] AN EE T3] Bl
& FA daalE < olok ¥k oz} XFAIE isopropyl
& ARgER é 30 300, 7HshAat Bajeo) sl Ske wia)
= & Bojgrh B wiAlzze] 7hedhe HolT

o %
i
(o)
rlo
)
Ao
f‘Ea

TESH|o) AE(MO| &3l Wi, Fulvre] Mt 3T =
Aol m) Rl g AP Fl8ke] MW Fol e YA o4
Az} A~ TR o) AEje) da o] 59] wijde] Table 1
o} 20 EAEGICE Table 104 3BATE *1‘19} 2ol FEHA e 2H
2 sleS Al EeiE LR Dow (9.5 mol%) < Catalyst
1(11.3 mol%) < Catalyst 2(14.2 mol%) < Catalyst 3(16.2 mol%?,
Catalyst 6(16.5 mol%) < Catalyst 4(17.9 mol%), Catalyst 5 (18.3
mol%) 8 A% Z7psigion vEEs 1:12:15:1.7:

1.9 : 1.9o]c} o]Hst Ask= g 7FA] HofA] uf-
t}h AR 671 oldwEEAlY] FFTY B4
Dow Frj|rch faigleh Fdg 249 35 :
el 3skd ~elele] d3ke Dow Fufjellr] 71 w7l Ve
witole), i Sddel nERe] B el R o
Aneke A ‘3}3}\1]7}E—4 A7} WSl et ol2e] I 5
AT teksi dglsisict ojdidgRAe] cefzl=e] Wsjel] ul
B 35T o) ~ele) = sl 77 ) AAlE Sl 4
A 9.5 mol%old Hol 18.3 mol% 2] Wl TFEUC) o]z th
7k sl mhE 5@ BAdoh) WA s aikale] Eake] H
slo} wjasled v 2k Aojrk ojeist Aukes olFuigs Al ok
gk wgle] whe 35 542 S8 @Ajo A amEae) Ak
]| Hjsl 71 J} al$- w5 Suleh= Floltt Al WA= oldivgE.
A M st 9hgA3E n~hexyl n—octyl HFAE 71 xylyl
ol Z9iQl Catalyst 49} 57 7P -¢<3lgie): v st &
A3 Jr & BA2ES 7B Fi0] Catalyst 28) 62 57 =8 &%
& =4 % vEhAct SRt 11 2jele ) A7) edskek
thelgziee] dolgl Aol a3 FFEA U AE g9
o] FAlIAE L% 7RRe] Fedk AYE B 4 qlvk AR, vkt
=9} ol 355 EAdolw e g v teliEst
phenyl, xylyl, dx-_athylene phenyl & Zojde] we} g8k W2l
AEJAlO) ake 113, 142, 16.5 mol% 2 Z7Fslo] chejdol7} 2
o 7ol whe} Ajlel gk v 5.2 mol% F7FeIsiTh o)lie &
3k FAjol} ARl EAe] Exleke] Halel Ut AE B
91 Zoje}, tlRleizize] o7k dojAw A% 912 ¥1lo] 4
o7} a2 ~EjRle] Aoo) A9A7] Mo ofsiet. o 7¥
2| F28 e tiejeRk=r} phenylelA xylyl® HElE njoll ¥
glo] Sk 2.0 mol% T, xylylolA] diethylene phenyl
2 A3k wefl= 2.3 mol%7t Sk ofe FREe 34
S seAge] F XP‘M W}l Agvhs whg- ok Zojr @dopt
EAR] EARRE phenylollA] xylylZe] Riglels &3l & S7F
BOYY) wiFolth ol *‘Vﬂx*i thejeiztee] 2o} FEE B4
of wlxe dafo] A4 g Aol 7|lsht) B4, k=g A1k
Aol w3 £ tﬂﬁ}E do)e] wigte} AR Ak P
Z BT} A EAe 1 whE FEE 524 Catalyst 2(14.2 mol%, A
34 912) < Catalyst 3(16.2 mol%, isopropyl) < Catalyst 4(17.9

r1r
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84 Bobet - 5 <lE Rl -

mol%, n—hexyl) < Catalyst 5(18.3 mol%, n—octyl) &) &4 2 =
7ksisitt. tEjelii=e] A|gA|e] wglelA vieRd AEjd Sk &
o 4.1 mol%EA Zoje] WMalella] veht 5.2 mol% AEF o
S7h 2ot Aehck s dAR o AFAE 7 xylyl vl
9] T3 E4o] phenyl theelZt=y diethylene phenyl Y]
Y=g FEE SR reisith

TEEAe] ~E)H gk 3 FEEA Yol EAeks AERIS)
Hjdo) I 59E viERlE dlef wie- $28 afont #
Arold] AgE FFTA el EAlshe AElRle] vl g gl
2} 22314 Table 29 391 EABISILE Table 23 2Ej@le] 3=
of wlg guld A3l Jshd Aoz FH5IA o} B E30)
17 mol% ©J8k, 18 ~26 mol%, 7812 30~33 mol% 2] 37 E &
31l BASINITE Table 32 S8l ARSE Zeiel] wiet A=
FEEA) vig e vlmste] BAIG Aol

Table 2¢] 23t F5EA2] gl W& AEjle] sl e At
2Q1 &3} ARl AE Bt 5, 2E|7le] o] 17 mol%
oJ5}E W 73-90li= head—to—head 58 F8) A== SES H)
A& Ve S chemical shift7} 25.1 ppmelr] T2k ¢lok
o, F°l head—to—tail %2} SES Wl8& HAoh= S,

%I E] aﬂ E[} M }.‘1‘,)}‘:} ﬂ'

chemical shift® 34.0 @ 34.6 ppmold TAEA] egith ol W
o ~EN $e) 3l AERe] WYoR & Ead 2s v
Y= Aolot F53A e 2 F=do] F7181e 26 mol%7HA]
o] ZFFA N Spoll 7118 chemical shift 25.1 ppm #2+
A5t S chemical shifti= 34.0 % 34.6 ppmolx WA Q3ket
wiE FEgelA AElEe) 3] 30% ool =W SES wide v
el 2E chemical shift7} #2072 2ERIS] 0]
Zo¥lo) wWt SES o] AE7) Adkeks 2tg wEic)h AE#e
o] 30 mol%E &3k HE 34.09 34.6 ppmd A% B
5o} FFGA el SES el AEIlo] head—to—taile} oh
2} head~to—head 2% W E= 2 HolFEoh A% 3594 W9
AEA ggo] AUAA AXE FEe] RS AslEe A ¢ T
pA=g
ojsigz Al tizlzlzt=g Wsle] 7l Fujrze] e ¥
A9 wjgde 7EH R & Aot g AR EbdrHTable
3). 8k Dow Fuljg} o]tz Alak= ofi= L] Xolr} Sl
Ao 1QITk Table 39 Catalyst 58 Dow FviE ARg3l] A%
¥ 323 olA] B29 chemical shifts 5U8I 24 7} chemical
shift] ¥l&-& A35] v2A A2 Dow FHE AXE 35

Table 2. Variation of § Sequence According to Styrene Contents in Copolymers Calculated by *C NMR

Styrene content > 30%

Styrene content=18~26%

Styrene content=11~17%

Peak Carbon Sequence Chemical . Carbon Sequence Chemical e Carbon Sequence Chemical
type shift (ppm) type shift (ppm) type shift (ppm)
1 Sgg SES 25.1 1 Sﬁﬁ SES 25.1 - - - -
2 Sps SEES, SEE»; 212 2 Sps SEES, SEE,»; 27.2 1 Spe SEES, SEE;21 212
3 SerSs+Sy  SEES, SEEn 294 3 Sir St Sy SEES, SEE;21 29.4 2 SpeSweSy  SEES, SEE 29.4
4 Sap SES 346,340 - - - - - -
5  Su+Ss  SES, SEES, SEE») 36.6 4 Sy+Ss  SES, SEES, SEE;» 36.6 3 Sas SEES, SEEp:1 36.6
6  TyutTs SEE. SES SEES 45.6 5 Tss SEE,»;, SES SEES 45.6 4 T SEES, SEE2; 45.6

Sas S Say  Say Sos S5 Sey  Say
h SEE h sEs h h SEE h SES h h
Sas Sy S Sa5 Sy S

Tas S ) 55 Tss T
h SEES h h
Ph
Sap
T Sap'®

h
SESor 88

S Sp

B3 Tas Tss Sgs "3 Tss

SEES h h SEES B

Table 3. Sequences of Ethylene-Styrene Copolymers Generated by the Dinuclear CGCs and Dow CGC

Peak Carbon type Sequence Cbemical Area of the resonances
shift (ppm) Cat.1 Cat.2 Cat.3 Cat.4 Cat.b Cat.6 DowCGC
1 Sep - SES 25.1 7.47 4.98 6.40 7.23 5.45 4.92 4.8
2 Sas SEES, SEEn2 27.2 13.03 15.96 14.15 10.04 15 15.98 14.32
3 Si+Sest Sy SEES, SEE 21 294 32.81 30.31 25.74 20.88 3167 3032 50.72
4 Ses SES 34.6, 340 - 5.12 6.08 7.63 4.70 5.02 -
5 SaytSas SES, SEES, SEE;»; 36.6 30.5 26.94 28.10 3273 26.51 2698 2053
6 Test Tos SEE,»; SES SEES 45.6 16.54 16.69 1953 21.49 16.67 16.78 9.63

Polymerization conditions: polymerization temperature: 70 C, Polymerization time: 2 h, toluene: 100 mL, ethylene pressure: 1 atm, [Ti] =2.10"° mol/L,

[ALI/[Ti} =4000, [S]=1.3 mol/L.

E2|H, A3 A1E, 2011¢



Tkl Y P2} o)8 CGCE) F 54

A= 294 ppm& HT7} 50.7%8] B1EL AXEIA oL}
Catalyst 5% Az IFAANAE 32.9%0) A4 gsih wha
Catalyst 5Z58 AR vEAM 4= 36,6 ppmat 45.6 ppme) 3
WA R A Vi)

2 B

ol Al 67kt Dow &g ALgslo] ofjdals) ~ejls &
SEAA vRlE=e] Bl Fulle) S35 olwiE] A
e FFEAL Bl vl deks 2RI 9T A i
oful gli= Aase) FEE )
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