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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—xylyl
(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.

EgH, #3548 A1E, 2011



telet=e] 271 ol8 CGCe 5% 54

thjgjgh=o] ARS8l | 218l xylyl tlell isopropyl (Catalyst
3), n—hexyl(Cataylst 4), n—octyl(Catalyst 5)= 7} HEZ A4S
Azslo] T 2833k
4 o

M2 BE AL B3 ARRE AASKL dAt$)7] stellr] 218
Eom, iy dSAE 7IsA713 CaSOs S THAA F
2 AASE Tl ARSI B Abdel] T4t 3RS Glove
Box (Mbraun—Unilab) %! Schlenk Lines &3l AFEESICE A3l
AREEl 81191 tetrahydrofuran (THF), diethyl ether, 34k S5l
ek YEFT Mixdll=0% SRS ol ARESESl o, dichloro
methaneS- Calp 2 S55310] ARSI Zirconium (IV) chloride
(ZrCly, Aldrich Co. USA), sodium cyclopentadienide (CpNa,
2.0 M solution in THF, Aldrich Co. USA)-2 ] o “gAlek«] ¢kar
T JelE ARSEIQlCE Sl Alze] ARl 1,4—dichloroben—
zen, a,a—dichloro—p—xylene, titanium chloride (Aldrich Co.
USA), 1,4—bis(2—chloroethyl) benzene (TCI Tokyo Chemical
Industry), n—BuLi(2.5 M solution in hexane, Aldrich Co. USA),
indene (Aldrich Co. USA), dichlorodimethylsilane®} terf—butyl—
amine (Aldrich Co. USA)& 743lo] 94 §lo] ARg3lslet 3l
AR Dow Z1li9} TiClz(THE) sv= w3el] B ti= Al|lxs}o] Ab
2319 om¥0 gl F91El FEul= methyl aluminoxane (MAO,
type4, 4.2 wt% Al in toluene, Albermarle Co. USA) & A3
2, A& (LT 99.99%, MS F871) 3 743 oxy —purge
Aels IR Sl ARSItk SEAIE Felsk= el A
QA mEkEd} Grke o] A glo] ARSIt SitET 1Ak
F4of= IR(JASCO FT/IR—-5300), NMR (Bruker DPX-300
FT—NMR), DSC (Perkin—Elmer/Pyris 6), GPC(Waters 150C),
TGA (TA Instrument Inc., USA/TGA 2050) 2} EA1112 FISONS
Instrument, Italy) & AH-3t3ich
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g HEES W7k A 35 8o FollA IAEE L o]
& AeA Azxska FAE S8

Zo BM. 9 8792 DSC (differential scanning calori—
meter, Perkin—Elmer/Pyris 6) & ©]83}o] AA471F sfolld St
ek ST AEE 20 ColM 187 F4AX1 F) 10 C/min
L5 300 CT7HA] 7Kk Sl vhA] 20 CT7FA] 719E whe) st
SR YZARILE o] 5Ust 2H0 = ridshaA 7,(0) & 54
SlltE AAEAS EALL12E ARS3ISITE 53dAllel 23k el
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[{Ti(5>:n' ~CoHsSi(CH3)2N'BU)Clo} o(CsHa)] Catalyst 12] M. 5}
S5 TiCls(THF) 3 (1.38 g, 3.75 mmol) = 25 mL2] THF (25 mL)
of] 3591 gohS —78 CollA [{(NBu)Si(CHa)o} (Cols)12(CoHy) 1L
(1 g 1.7 mmol) THF g-aljell MA3] 73t} 7} ol ¥kg71<]
S A0 F ST golo] Ao] ZAefa] 3] Ao wish o]
B 3ARE AR S &AL o]F AgCl(0.54 g, 3.75 mmol)
S 7K 27nkgo] A WalEs Alo] PEEny oF 1A &
F kS Fofl SuiE AlASIL EFelE 718 Foll Ealo] 52
BES onlE B3 Heldh) E5ele A B> uAE &
Felln} ate] Eekgolo g AAAS Wk el uAE ke
2 Aouldl & wgkale] #HFEAo] 30.1%2] &= dojxick

"H NMR (300 MHz, CDCl3, 25 C, &, ppm): 7.72(t, 2H, CoHs),
7.40(t, 2H, CoHs), 7.28(d, 2H, CoHs), 7.22(d, 2H, CoHs), 7.14
(s, 4H, CeHy), 6.57 (s, 2H, CoHs), 1.17 (s, 18H, —Bu), 0.92(d,
6H, Si—CHs), 0.70(d, 6H, Si—CHas). "*C NMR (75.46 MHz,
CDCls, 25 C, 8, ppm): 138.00(CgHy), 136.07 (CoHs), 134.87
(CoHs), 129.23(CgHs), 128.36(CoHs), 127.53(CoHs), 125.42
(CoHs), 120.06 (CsHy), 98.52(CoHs), 63.44(C,-—Bu), 32.4 (CHs,
—Buw), 3.56(Si—CH3), 1.13(Si—CHsj). High—resolution mass
spectrum: [P*]CssHuN2 TioCLSiz, m/z=800(M "), 763(M* —
CD, 728 (M"—Cly), 689 (M"—Cly).

[{Ti(#°:17' ~CoH5Si(CH3)oN'BU)Cl2} 2 {CHo(CsH4)CHo} ] Catalyst
20| B, 2 B3 Catalyst 1S AlFsh= W} 722 spg o=
AP ow TR tetralithium G2 [{(N'Bu)Si(CHs) o}
(CoHp)12ACH2(CeHy) CH2} ] Lig(1g, 1.62 mmol) S AME-3ISAc A
AL B8l B Fe wihe] wARA 32%2] FERE Ho
Zth

"H NMR (300 MHz, CDCls, 25 C, §, ppm): 7.71(d, 2H, CoHs),
7.58(d, 2H, CoHs), 7.38(t, 2H, CoHs), 7.28(t, 2H, CoHs), 7.10 (s,
4H, CgHy), 6.35(s, 2H, CoHs), 4.35(q, 4H, CHy), 1.35(s, 18H,
—Bu), 0.86(d, 6H, Si—CHy), 0.63(d, 6H, Si—CHs). *C NMR
(75.46 MHz, CDCl3, 25 C, 8, ppm): 138.01(CgH,), 136.38
(CoHs), 135.18 (CoHs), 129.19(CoHs), 128.90(CgHs), 128.38
(CoHs), 128.08(CoHs), 124.75(CgHy), 97.43(CoHs), 63.48(C,—
Bu), 34.80(CHy), 32.54 (CHs,+~Bu), 3.52(Si—CHz), 1.22(Si—CHy).
High—resolution mass spectrum: [P*] CagHysNoTisCLSis, m/z=
828(M"), 790(M*—CD), 758 M*—Cly), 720(M*—Cl3).

[Ti(77°:7' - CoHsSi(CH3)2N'Bu)Clo]o[CHo {(C3H7)2(CeH2)} CHol
Catalyst 32| &, ¥ 3}3H=-2 Catalyst 12 Alx8R= W -
oz L om vhA tetralithium BC= [{(N'Bu)Si(CHs) o}
(CoHs)15CH2{(C3H7) 2 (CeHo) } CHo] Lis(1 g, 1.62 mmol) = A&
Sth A2ES Fal TS Ze A uARA 40%2] ¢
=2 dojxitk

"H NMR (300 MHz, CDCls, 25 C, §, ppm): 7.70(d, 2H, CoHs),
7.69(d, 2H, CoHs), 7.34 (t, 2H, CoHs), 7.23(t, 2H, CoHs), 7.08 (s,
2H, CeHy), 6.26(s, 2H, CoHs), 4.42(q, 4H, CHy) 3.08(m, 2H, CH),
1.14(s, 18H, ~Buw), 1.01(d, 12H, CHs), 0.87 (s, 6H, Si—CHs),
0.58(s, 6H, Si—CHz).

C NMR(75.46 MHz, CDCls, 25 C, &, ppm): 138.04 (C, CsHy),
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137.53(C, CgHy), 135.90(C, CoHs),135.36(C, CoHs),134.75(C,
CoHs), 129.21 (CH, CgHs), 128.86 (CH, CoHs), 128.40(CH, CoHs),
128.29(CH, CgHs), 127.46 (CH, CgHs), 124.79(2CH, CsHy),
97.47(C, CoHs), 6348(C, +—Bu), 3258 (CHs, ~Bu), 32.17(CHy),
28.92(CH, i—CsHy), 23.89(CHs, i—CsHy), 3.52(Si—CHy), 1.16
(Si—CH).

EA M. Cy4HeoClLiN2SizTis (910.68): Caled. C 58.03; N
3.08; H 6.64; Found C: 57.99; N: 2.86; H: 7.14.

[Ti(77: 7' ~CoH5Si(CHs)2N'Bu)Clo]o[CHo {(CgH13)2(CeH2)} CH2l
Catalyst 42| &d. & 3}3}=- Catalyst 18 Alzshs WP 22
o=z AL o YA tetralithium G2 [{NBw Si(CHy) o}
(CoHp) 12CH2 {(CeH13) 2(CsHz) } CHe] Lis(1g, 1.62 mmol) & AR-
itk AL Fall B WA Ao AR 47%9) S5
= Hoir},

"H NMR (300 MHz, CDCls, 25 C, 8, ppm): 7.73(d, 2H, CgHs),
7.59(d, 2H, CoHs), 7.38(t, 2H, CgHs), 7.25(t, 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, (CHy)3),
0.89(s, 6H, Si—CHz), 0.86 (m, 6H, CHz), 0.61 (s, 6H, Si—CHa).

3C NMR (75.46 MHz, CDCls, 25 C, , ppm): 138.70(C, CgHa),
137.46(C, CsHy), 135.89(C, CoHs), 135.74(C, CoHs), 135.53(C,
CoHs), 130.94 (CH, CgHs), 128.98 (CH, CoHy), 128.37(CH, CoHs),
128.16(CH, CoHs), 127.96 (CH, CoHs), 124.78 (CH, CeHy), 97.60
(C, CgHs), 63.52(C, —Bu), 32.64(CHs, t—Bu), 31.91 (CHy),
30.99 (CHz, n—CgHy3), 29.37 ((CHy) 3, n—CgHis), 22.83 (CHo,
n—CeHiz), 14.36 (CHz,m—CeHis), 3.59(Si—CHz), 1.24 (Si—CHa).

EA &AM C50H79ClNLS1bTi2(994.84): Caled. C 60.37; N
2.82; H 7.29; Found C 60.34; N 2.78; H7.31.

[Ti(77: 7' ~CoH5Si(CHs)2N'Bu)Clo]2[CHo {(CeH13)2(CeH2)} CH2l
Catalyst 52| EHM. 2 315HE-S Catalyst 15 ANZ8R= WP} 76
HAgoz ABL o A tetralithium FOE [{(N'Bu)Si
(CHa3) 2} (CoHp) } 2CH2{ (CgH17) 2(CsHo) } CHal  Liss ARSI
AAHE Bl WIES A2 A2 TARA 48%2] FEE A
ojxith.

"H NMR (300 MHz, CDCl3, 25 C, §, ppm): 7.71(d, 2H, CoHs),
7.58(d, 2H, CoHs), 7.34(t, 2H, CoHs), 7.25(t, 2H, CoHs), 6.85 (s,
2H, CsHy), 6.28 (s, 2H, CoHs), 4.36(q, 4H, CHy), 2.46(t, 4H, CHy),
1.33(m, 4H, CHy), 1.34(s, 18H, t—Bu), 1.14 (m, 20H, (CHy)5),
0.87(s, 6H, Si—CHj), 0.85(m, 6H, CHs), 0.59(s, 6H, Si—CHs).

¥C NMR(75.46 MHz, CDCl3, 25 C, 8, ppm): 138.71(C, CsHy),
137.44(C, CgHy), 135.72(C, CoHs), 135.52(C, CoHs), 135.50
(C, CgHs), 130.96(CH, CoHs), 128.96(CH, CCoHs), 128.37
(CH, CgHs), 128.34(CH, CgHs), 128.15(CH, CoHs), 124.76
(CH, CgHy), 97.58(C, CgHs), 63.51(C, +~Bu), 32.63(CHs, ¢~
Bu), 32.12(CHy), 31.05(CHs, n—CsHi7), 29.67((CHy)s, n—
CsHip), 22.88(CHz, n—CsHi7), 14.36 (CHs,n—CsHiy), 3.58 (Si—
CHs), 1.25(Si—CHsy).

EA 2A4: C5,HgoCLNSi»Tiz(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(5°:' ~CoHsSi(CHa)2N'Bu)Clz} 2 {(CH2) 2(CeHa) (CHz) o} ]
Catalyst 62] &Hd. & 33E-2 Catalyst 1= AlFshs WY 22
g o X3P om, WX tetralithium FO 2 [{ (NBw) Si(CHa) 2
(CoHg) } 2{(CH2) 2(CeHy) (CH) 2] LisE ARSI S F3
AIEL e i) yA|ZA 35%2] &F dojzith

"H NMR (300 MHz, CDCls, 25 °C, 8, ppm): 7.71(d, 2H, CoHs),
7.55(d, 2H, CoHs), 7.41(t, 2H, CoHs), 7.28(t, 2H, CoHs), 7.16(s,
4H, CsHy), 6.30(s, 2H, CoHs), 3.33 (m, 4H, CHz—CgHy), 3.03 (m,
4H, CHz—CgHs), 1.36(s, 18H, +~Buw), 0.92(d, 6H, Si—CHjs),
0.66(d, 6H, Si—CHs).

¥C 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(CoHs), 127.42(CyHs), 124.43(CsHa), 96.83(CoHs),
63.11(C,+—Buw), 35.67(CHy), 32.23(CHs,t—Bu), 31.37(CHy),
3.42(Si—CHs), 1.11 (Si—CHs). High—resolution mass spectrum:
[P+] C40H52N2T12C14Si2, m/z=852(M+), 815(M+_C1), 786
(M"—Cly), 711 (M*—Cly).

du A EE

TUS TUEE 40 C, ol AERIe] F5dtelrds AERS]
F5% 0.4 mol/LelA X881l Ails= Table 1l 3ZAISI3ITE 23
] BlE ffell Dow FalE o¥l 714 ol Al oAl Fetol
E]lsisict

F0i 2. S G2 Sl S 7R 71 eawA S8t
o} efukshd obre] 9et B 7HAAL Qo o] AUXIA
ko Zul|zx e oJu|e} 7EX|7} AAEHA 7HAstA E7] wlolch
3ol kR ulel o] Sl Tiw 77 Fuje] e 5460
w2} ohelsAl UEeksth 849 9] A= Catalyst 1 < Dow 1]
< Catalyst 3 < Catalyst 4 ~Catalyst 5 < Catalyst 2 < Catalyst 6
ot} 71 vk Catalyst 12] &3 92.3 Kg Polymer/[Til .h.atm
o)1 7V 2 Catalyst 62] /32 394.8 Kg Polymer/[Ti] h.atm
O A 4.3u2] 2te]7} sk

Sl oA eld delelzi=e] dojgl x|$Ae] GEks A
2L o] g3E B7] 918kl k]t =r} phenyl(Catalyst 1),
xylyl(Catalyst 2), diethylene phenyl(Catalyst 6)<1 Zuje] 244

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

Catalyst Activity* My(x107hH? 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 4.5 9.5

“Activity =Kg polymer/[Til - h - atm. ®A%=viscosity average molecular
weight. “S=styrene contents in copolymer. “These were borrowed from
the other paper.
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o 747} 92.3, 293.1. 394.8 Kg Polymer/[Ti] h.atm S 2A] v]&
& 1:3.2:14.30|t}h. 42 oh]2RE=7) phenyl]! Zd-9-oll= @8t
Al wgko} o]zt xylylellAd] diethylene® AojA]H 442 3
Hll, 4ul] o1 S7181%TE PhenylellM xylyle] stz st 249 5
71= 34519 01} xylylellA diethylene phenylZ2] W= A4
o7 2 YeRITE ArSlE F Catalyst 12] d2 2 213eilA
AL 77 Sl Folx] 7P vk IS 1 AU FAlef o]
& Zl| FollA LA Dow FHulle] Rt ke &dS ®olrt
dolck, HhH Catalyst 69 B9 #H110] TS BTk o)7L
ol AlofA ] &3S vEleki=e] ol &, 7 47 Aeol9]
A7} mlg- FL3E HoF= Floftk

SulldollA veRd X319 avk= vRlERErt st o)
A xylyl®] 7135 7 A wiilaE]el] 7 7le] XgAE 7
Catalyst 2(X1€A] 912, Catalyst 3(X)8Al1+= isopropyl), Catalyst
4 (X8 n—hexyl), Catalyst 5(X2l= n—octyD) 2] E/delA]
vehdth &A-S Catalyst 3(192 Kg Polymer/[Til .h.atm) <
Catalyst 4(277.6 Kg Polymer/[Ti].h.atm < Catalyst 5(280.3
Kg Polymer/[Til « h - atm < Catalyst 2(293.1 Kg Polymer/[Ti].
hatm) & A E F7ste] thelgiise)] A3 X3kAe] a7t
A BEEICE 4 T 2 S A3 Sl wiell o
ERskom] x]3HAe] Frzze] AdFgle] XA EAlBR: SHle B
T A8AT gl Catalyst 2K 22 448 BRI X8| FollA
= 797} 2 isopropylE 7K1 Fulj2] E/do] 7k wigiet dort 21
Z|gk4|2) n—hexyl¥} n—octyl& 7 Z1= isopropyl X|gA1= 7}
71 SrEck=s A2 =8 23S vER R X8APE Sl Salleke
AR &3S Bt & 55 @l vehd tlRlzirE=e] X3 &
= 7 TR T T ok XEAS ot #ar 97 & iso—
propyl& g2 7} Catalyst 32 w& B34S B3, 2]k
T27} do)7t 71 n—hexyld} n—octylS 7}z Catalyst 4, 5= X8
A7} Gl Catalyst 29} ARl 32 DS BT

AAA 0% AL olERAle] rxof| Wt 4719] TEOR
F& g vk 135S €730] 7PE w2 telEiRI=0t phenyldl
Catalyst 1011, 271552 Edo] F AR W2 isopropyl X|$HA1E
71 xylyl TRe]rF=e] Catalyst 31tk AR 2L Catalyst 32]
S AT 715 S9IR1 Dow Fllel EAdo] fARITh= Aol
3TEE AT SAY =2 2EAPE 21 28] n—hexyl¥} n—
octyl& 7F xylyl th]#]7H=91 Catalyst 2, 4, 501w, vpx|u} 471
F& o] 71 =2 tlRlg)zF=71 diethylene phenyl?l! Catalyst 6
otk 7 5 S wwshd 1705 270% 1 30 14T =1 ¢
2.2 1321432 T550] WAsEt winlc} &Xdo] v, = 100%4 &
7}k

o8t A= olFuERAlelA tRERiEe] EAdo] DAe] v
A= Fe Bof AP HolF= Z10E E 7H] #Fel S48
sitk A, el 7P & IS T 3 tREjEiRIES] ook
1759 vREREEE Aot 7P #E phenyl(6.5 A)oli, 2715
I} 37159 theEiRies = HAIR 7 xylyl(7.9 A)olH, 47152°]
te]glt=s Zdolrt 74 71 diethylene phenyl(9.3 A)olt) =,
t]gRt=2] Zo)7} phenylolld xylyl¥} diethylene phenyl® Z
ol wet AL 7RIl oM xylyl thejeRi=e] X127 Wet

rrod

I A/dE DA/ AER FEEA N vAE dF 81

of wja} Edo] WMaEA|RE ofwst Aol E xylyl TRIERIEE 7H
2057 3aF olfHERAle] S 1759 4752 244 Ao
off EAIBISITE F+ WAle tERi=s] X3AE E8ato] Fue
Y& AT FEolx] ZEE F Qlvke Flolt 2579 35S
B e Aols 7R xylyl v T35 7L Qlar ok X3k
7} gEARE SuljEe] @42 192 Kg Polymer/[Ti] - h - atmellA]
293.1 Kg Polymer/[Til - h - atm7}4] Wis}slSit) o= thalz|zt
Lo] B4s dshows o A e fglelN 24
g 7 ol HolF= Aloltk Al WiAls telelRi=e] X|gkAle] 2
o wje} Fujje] EXJo] tifsiAl dE ke Aotk 215 il
Catalyst 3-> THR]EITF=2] 21817} isopropyl 241 Zok= ZHAIRE -
y7} 2 9 3775 S99 Catalyst 49} 5 X847 n—hexyl®}
n—octylZ24] Ao]i= isopropylell BI&) 3, 48] AA|TF 37} FX]:=
932 EAS Wtk TSt Catalyst 2= A7 o424 X]8kA)7F
e Fafolct &49] dik= X137 isopropyl]! Za-¢ell 7HE v
9S B33, X7 n—hexyl¥®} n—octyl?! 739+ isopropyl®]l
Hla) vk =2 73S VERIICE ke 19 1S X18AT 6l
= A 2 AEAE 7R A9k AR EAde 1]l Zlojt o]
- F7E & XA S @S SEAEE ol o= A%
1 A#A= AP = 219 vlssst a3 JERivkE S B
ER=g
thEEs) oRjERiee] A3AE S5 el mxE 9]
QI QIAIAR] AT 7121 el Ao 4= ik 94 o
=] dolzt Fulle] &g el mixl= A4 2 714 1 o
R TR A AR &¥fE A EAL tEj2REE7} phenyl
ZAole 7 719 o] a9 vl E AskA el
b= 77k Agell oAl B xylyle] = oleish Wel| av=
S A3}A eFaliA| 1 diethylene phenylo] s Akt A3 o]%)
el A2 ARAA e A 0R ofslet AEJRS] o7k 5.6 A
@1 A3} phenyl?] Zol= 6.5 A, xylyle] Zol= 79 A, diethylene
phenyl®] dol& 9.4 Al A& nlwshd thEEiRisel gt o=F
A Hi91e) Wl 52 ofallEt 5= Qltk® tlelelzh=e] olrt v
o] Aoj} Ak phenyl TH €] Z--ell= dAl7E Dd5dell wlel
k= Fieol] A5 A Fol TEHLES] Ashs e, o
2]2] o7} dEAe] 2v)] %Y 52] diethylene phenyl®] 7d-$-oll=
AZRQ1 Walel] SJgh T2 v E Aehs FAIE o E Alek
Zic}, W SRR xylylQl Aells o= Axe] wsivt A
3 Ao A vlleliise Sk X84 52 tE 2
2ol Q3] A7Ent F HAls 7121 ol tEri=e] 4
o]7} phenyl, xylyl, Z#]1 diethylene phenyl® ¥3}5H methyl—
eneo] SR F7EHA Zo7t T7lsit) 718 methylene 7]
VAo % AR WS S7MI7]e dell 7]e1d Ao, o]Zlo] nk2
thRE=S] Wslel] gk [7121Q1 @kl Hr. Ynta o= Axpd
o] TThE AR RESE @30 RS IAA Fe F
IS A= A W vt veleRi=e] ot 1705
oM 4770 % Ao tehke fAlade o 235 Aole] §
A7t Fhaste] @Ado] S7skAl Fnk EEst thedol7t 171550
A 4T5E0 R AoAHA VR 718 aalE SR At
HUEO] de) gt A9 PYAdS IAIA AAF R T

SR

M o )
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O
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Lk - 7 <lE]

BT

IS S7MPIE Ao olsliEnt ol tRjERi=S] XA &
Aol mIX= FE 27157 3250 &3 4709 ojdERALS B
3 ARl Asle X3l gt dAIZQl Fakolt oz
xylylell Aghel X18A12) $Ix= X187 37} 23 =58 = 3
= AXYE & o, HF AR XEAS] F2AR0 540
2HRITE 47H4] Ewl9] %) EA= isopropyl, n—hexyl, n—octyl®]
W Catalyst 2= 715 FEA X817} 224 237 gl 4
Sold) X|gkA7| 983 a8 o AEE 4= Q= Afells &4
2] 9l w9 ARE T2 X8|} DAL BAEHA Fo] A1z
2 A e] mig7t WElE vl Ho] Eajje] S o] =old o]
ok /A X3} s 7d-olls XgkAllel Qs Wl Atk 5
st A7} isopropyle] ZIEAE 71 Catalyst 32] g2 X807} ¢l
= Catalyst 2] /el H|sf #AsHA| Soket o] =27 e i 2719
Hol9} H)7} & isopropyl> &34 aiF 0w HES 7 USS
RHojES ok 4= 9lrk Wb X|$7} n—hexyl#} n—octyl$! Catalyst 4
¢} 59 #4d2 277.63 280.3 Kg Polymer/[Til - h - atm.ZA
AR GkE BRAL ofi= AFAPE fli= Catalyst 29| 2 293.1 Kg
Polymer/[Ti] - h - atm#}= §ARSIAATE o) o7} 21 X8k <]
wi= XA gl aae) fARRS Uk 28ohE of Aol
7} 21 A= XA Sl Ao AR < el X8A1e) A
o7} AojA| thejegisel &3 Alo]e] A rrt HojA X8k
7+ ol @A tEleiRie Alelell EAE = QA H7] who
Z olalEitt. &, X|&A9] ot vhEleiziest @47 Alele] AE
HU} ZojAH X|8All= SRR AdRsiE A6l A7 e
o] §laz o]= QN3] X|SAF Ao vX= &= HlS- vAlEHA
UERe el QiTt. o] Catalyst 49} 52 E4Jo] X3A7} Gl
Catalyst 2°] R} nAMlsHA] GhoHA fARe A8 Aujel 2 o
A&t} - HAE X|#A W74 avE AT EAL A7A 9
T2 AFAP} 70 ® B RS AlEshE akylelth X18A7}
n—hexyl?l F71¢] &35} n—octyl?] Fie] @39 Xjol= 2.7 Kg
Polymer/[Ti] - h - atm®A] FA[E 7 Ql= r50H, o]=2] EAd]
A|gHA7E i Catalyst 29] AdHE W 7102 Ho} thejejii=
of| EAlh= XEA2] A71AR]1 Jafe] Aol 71XE T FAIS
TA Ao = ot

SEEHel 212 671 olaHE2AlY} Dow FHHllE A8l
Az o el F5EAS] RS AREE Fulel ulet
A3 2ol E RIS A o2 R - EAEES 7R 1EA)
= isopropyl XZA7} Ak xylyl tle]glz== 7} Catalyst 3.
EHE] APE TSAen, TR 2R Bl TR 35
phenyl TRIFRIES 71 Catalyst 104 BA=IgIEE 7714 iz
HE A FEEA 2] EAS 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 =) o7 7+
23olth o)A S BlgE BB WA 77 FullRE 15:10
8:5:3:2:10]a, 67] olHE=Al 7]29e] vj&8:5:4 ¢
3:1.5 1 1% YEpsdrh olefsh Sajqx Wslel] wE A4 1Ak
WA WElE SudAe] Wstke} nlustd - 7EA] AellA] FrElsh
APde & ¢ ok A olgHgRAC R AYE BE 35

EgH, #3548 A1E, 2011

el - 7

A2 FARREE ANt wE2A19] Dow FHullE AlZ2E T2
ApgHT} FH Ak 26 oY A VERITh: otk &9 AB-toll=
Dow Z7|HT} k2 2448 HQl Zn7} 3t 57 (Catalyst 1) 7F =4
SISt 7 WAl Fule] el TR W T Y e B4
] vz} 4n) FEg ot o|2HE AYE FEA AR Aol
154lel] o2t} &, Fulj] 5/l wet e S5 gAe] AR
Wt et A wish ARt A A Zlo|ok dikd o s F3ks
B3l 3P| 7 ool Qa7 VIS TREARe] AR 8]l
£ 2 Avj= o|gmg ) telet=g Al o R A=
JEARE] EARES 15819] HSI7EA] 22do] 7hsshe HofFal Qi

weZ2 4 Feho 2RE] AlFEE= pEAke] BAjake Fako) x|tk
A p—H AAZG2 gold= 7Fd 28 A dS 7H T Sltk g
H AAZgo] 97 Hawd 2k Fxles 7131 227 A=
HHj|2 oA 3 58 RS 7R 322 AVt o2k
A o]sie2A1e] TRk Msle) o| 25 AEE IEAle]
Apgate] A A areel p-H A Ee] BolA olsjj=le]
of stk AR, wEARe] wARF Wslke} oldwg Rl tEjEis
9] Ao|7} mA|= e wAE AHEALE t2]2)KEETT phenyl
(1715, Catalyst 1), xylyl(3713, Catalyst 2), “12]al diethylene
phenyl(4713%, Catalyst 6) 2 ZAojHo] ulg} o] HE AJH &
ZeHA| 9] EAFERE 87000, 342000, 461000 g/molZ 212} 4812}
SullE FA| S7ISIT o)A teldold] S7P A aeAke]
A 718 AAEE RolTs Zlolw, o) tiEeiki=e] Mgl w
£ Sl &3 wisle} FUst Aol tEle] dolrt dojA|H o]
ez Ae] &/d7d2] Az} olol] Adkd mEAREERIS] ARe H
AAA Ho] MET} MReAA mxl= AR el AAshEA] A
AR oz F3tol e 2450 AN SV Et o)ek &
< MRS ST VSIS AR Jslel ofwst g3ks X8
ofIE3l= 21 fA %tk TR phenyl tlE 7F St B Zle)
HJsl @AsHA #2 1RARE Adske AoE Hot & tiE 7
ol 24N T F2 Tl 2318 p-H AAREE X
a3t7]el golakAl AT Ah e IEAAEERI0] A= 3%t 9
A5 2HAsFAA o] HaEE A0R ket 4= ik o] do)
7} o= 73 TR FFto] AXA a1, o]l wef g7
of| A A= EARAIRIS] A= STVl Biek S A
= A QA kS wEH] WS EX7 ) gk
29ke] Aol AAf hasste] p-H AATGC] 71815 A7
a1 ol we} A ERE AR EAFe] oy @ otk +
HAE theldold] SVl Qs 77|14l d&o|t) FHull B/delA
AFsIAS0] vkldo)7} phenyl, xylyl, diethylene phenylZ 3
7Fh= 712 phenyl *Z°ll methylene (CHy) ©] i F715=
Zi0]11, methylene> JARE 35shs 5445 7HaL itk w2bA
tEjde]d] S7hs @9 AMdEE IAA sl &
5 F 7 2 ol & o|=FE e 1A EAES 57t
A7l AYE s 2 Aot olzfst A A3zl & o
2| ghet,

tl2]do)7} phenylolld xylylZ Eolvis Wl E o253 A
AE= AR 487} ERERRE tlelZdo] 7} phenyleld diethyl—
ene phenyl® EolLh= ©lolME Sul7) Bolu A= tlejdolrt

e



telet=e] 271 ol8 CGCe 5% 54

xylylellA diethylene phenylZ Eov= goAs= Ajrlo =z
A S7PF eS¢ 4= Utk PhenylelA] xylyl=9] ¥ish
2} xylylellA diethylene phenyl®] W3lk= 25 t}e]Q] para H3k
©= gk /i) methylene©] F7FAtH= AlollA sUg wisjo| x|t
olgo] ujAl= Y& A AR phenylolA xylyl=2] HalolA
R A ERTE o257 E thejdole] Wglel mE EAlge] W
sk 7141 PRk §IAIZQL Eke] v A #Hgske slo%
olaElr 53] 3 WAl phenyleld xylyle] WH3lollA VER =
T AR S7hs AoiEo® A el 7|QlE Ao o3|
Hok divsid 77141 9 & methylene©] 3712 wiwjc} 47
S e AAPAE TP dofd Flolw o2 <lsh Akl Tt &
T e o7 P E7] wfizoltt: oj2ish SHelA tlElRi=rt
xylylelA] diethylene phenyl® W3lE ufol] vehp= 22k W
sh= A71AR1 ke R olsfiEd 7 Q& Alolvh Avkehd xylyl v
YEFE e @A vxE dAIAR] ave v|okebr] wielth
Qokald vEjdo)s} FujzRe] == Tt EAe]
7Rz HelEIRE=7} phenyleld xylylz Ao wleji= Sie] 24
7 e AR E3to] A AEERE QAIAR] Pl
FH 947} ¥ teRE=r} xylylelH diethylene phenyl® 2
oA wjelli= oln] YAIARI E3do] Alekzl Ao 2= methylene]
F7hE JERt 271291 Qo] Ak EARE AT T
L4} €k

T AR el X)3|g} otz sl oJs) AP ER=
AR WAE A Ral deleREEE xylyl = gallsarl 2|8k
= isopropyl, n—hexyl, n—octylZ ¥H3l17]H o]|Z2HE] WA E=
FEAeEe 128000 g/mol (3713, Catalyst 5) < 238000 g/mol (3
155, Catalyst 4) < 342000 g/mol (3713%, Catalyst 2) < 670000
g/mol (2715, Catalyst 3) 0% SVl 7M€ 1:2:3: 5%
7Ptk Fsh veEjeiRi=e] X819 vl JeRd S
A9] Z71= Catalyst 3 < Catalyst 4 < Catalyst 5 < Catalyst 23S
™, F7F8l=1:1.45 1 1.46 : 1.53°]c} o]2]st AxZHE] o]y
A0 X|BA] e} AJEE AR EAkL] el
2 7] T3 Hol EAIRRS & 4 itk AAle tRleiRIEe] A]
A1) Mgk friEe Suied wiskel e ST EAb
2 sl 98] The 21E Hojeth /32 X317} isopropyl)]
Catalyst 39] o] 71 vkar vhx] 371%)2] S| Catalyst 2, 4,
59 &AL AR o7 U UERIANE o|2HE Alxd 35
A2 EApEE A3 mhe} F xjolE Kol7] wjiZolth 53] A
9] st &S VERE o2 EAIR] Catalyst 2, 4, 52
B A3E FEEAS] AR 20 o3 Aolg dERth o=
e ARl EARES: vk 2R SHulxe] vl vizte)
Al MgkepA]et Sulle] S3Ede Sullrxe] Wiglel] duidos &
7AekE Hol= ook o] Hg=Al Foelx Salirzel g A
d IAke] A 2do] AR o TSRS HolE vl T4
g Aotk 7 WA= ZA7te] tejerhse] X|gAe} Al
Aok AAE TEFALY] EARRS tEERiEs] X3AE £
F3PA n—octyl < n—hexyl < H, X134 §1-2 < isopropyl®]il,
&2 1 <2< 3 <50tk Xylyl tlgjzi=2] X341S n—octylell
A n—hexyl® HSAZ|AL X ZAE Glold o|2HE] 25 5

I A/dE DA/ AER FEEA N vAE dF 83

& G AL wsPt QAR o|2RE A= FEEAle] wAR
< 2ul, 3UNE A BHAIA 5 Qlok 9 ofet XIS isopropyl
= ARESPA B3 30% FHAsHAIRE #xbgo] Hulut kel mA)
£ 95 T USE HolEr) A vMIEde] ThsEks HolT
= 0%k Aok
SEEH S| AE|HC| &nl Y. Stz HEt 353 &
el vX= Fae AR Qlte] 771 SuERE AR o
A} AR FEeA ] AEjRIe] ek o] F¢] Mol Table 1
7} 20 ZAJBIATE Table 10l 3ASH vk}l o] F55A] U] 2~E
A ekS ARE Sl YR Dow Z9(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%) 2] AZE Z71slio vlgE=1:12:15:1.7:1.7:
1.9 : 1.90]tk o2igt Avh= 2 7] HelA] wikg- Fr] Qe Ao
th 3 6714 oldHgRAS 5T B4 AR HgRAR]
Dow Frl|lRt} 95350t} 5Ast 2719 Tl AWHE 3%
Flell 3 AEjRe] 972 Dow FHvllold 7R WA ERE |
wlizolt} 7 Hals FEAo v Akl EAERL nix7 R = o)
ez A0 thelERiee] Fx7t HElglel wet ol&e] 35 5
AT tiekstA wiskeielt ojduetzAle] tEjEiiee] wislel w
E T U] ~ERIe] st wishkes 771 SA) AAE FEl 3
7] 9.5 mol%ollA Holl 18.3 mol% 2] Heoll ¥3H= et o7 th
I Wl e S Gont sk ARl Bk W
se} vlwato] wilg- 2k Zlolr}. o]e|dt A= o|mg=Al] vl
= Wslel] W I 5492 FF ot YAk At
ol Hisl W7} vk e ol Floltk Al WA= ojSimgR
Al Fol 358 WAL n—hexyl¥} n—octyl XEAIE 71K xylyl
tejelrie ZuiQl Catalyst 49} 57} 718 953133tk WhA 98t &
Q7 38 WAREES 7R Ful) Catalyst 28 62 57 A=0] 3%
3 54& YERIISITE sEAINE 1 Al 18] 34 290tk
tEjglzk=e] dojet xjgkAle] aats 358 o] AE st
o] IAINE 2 719 Fest AEPdS B 5 Sk 3, oiElEizt
o] ol 358 SAlE st ks viAth teleziert
phenyl, xylyl, diethylene phenyl® ZdojH el uje} I3 W2
ZE]ES] 9k 11.3, 14.2, 16.5 mol%= SVl telzo|7 4
Qo] w2} AN =R ) 5.2 mol% 5713l o132 &
g Aot A== EAte] EApEFe] Wsle}l FUst AEdS B
Q1 Zlolt}. vgRi=e] o7t dojA 474 72919] 31to] §
oA F7} & AERIS] H2o] AR wiEo® olslet. gk 7t
A F58 A2 velRI=7 phenylollA xylyl=® W38 wjo]] ~E]
d9) =R 2.9 mol% FNE S, xylylollA diethylene phenyl
2 W3Rk wlell= 2.3 mol%7tF T ol FEEdont A
B IRk #AREe] W3t A g e Zlojok ot
AR EARES phenylolA xylyl®2o] ®sjelr 84 2 7k
RHo7] o]}, o= At oR telgi=e] dol7) 358 54
of] M= Eo] 4] g Aol 7IRIgk) EA4, vleleiki=e] 2|3k
Aol W F5E 5499 wisle Zolo] Male} fAlst A3 A=
£ Btk X3Ae) w2 53 B4 Catalyst 2(14.2 mol%,
34 ) < Catalyst 3(16.2 mol%, isopropyl) < Catalyst 4(17.9

rl
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mol%, n—hexyl) < Catalyst 5(18.3 mol%, n—octyl) 2] AZ 5
7keisiet. theleri=s] X3HAe] Mgl v 2B ke
o] 4.1 mol%=A] Zol2] WslelA YEhd 5.2 mol% XE| §H
7t B Akt sHAINE MAIF 02 23AE 7H xylyl vhelEit
=9 F5% 49| phenyl ti2]2]iF=1} diethylene phenyl U2
ZTIEe] 353 EAET stk

gAY ~H A ) 3 A dlel] EAlsh= ~HE]
o] A 598 vehE dlef| ke Test eaot) &
AellA AR T el SAlshs BRI algS g9l uf
2} Z2jste] Table 29} 3o FAISHSITE Table 2+ ~E 219 35
of e pHld WHIlE YERA ZloF 353 Ulo] A9 g
17 mol% ©13}, 18~26 mol%, Z12]3. 30~33 mol%2] 37FA= i
ool FABISITE Table 32 el ARG Fuljol] whe} Ade
I LAY wdE vlasto] A3 Zlo|t)

Table 201 2JabH F5A] gHgel W AERe] Hjde- Unt
Q1 o5} AX|eh= Ak Bl 5 ~EHE] $do] 17 mol%
oJalz k2 7-9oli= head—to—head TS Tl W d== SES ol
A& YER= 59l chemical shift7} 25.1 ppmellA] =] 99k
o, Al head—to—tail F&2| SES Ml EABH= S8l

A - e e - AT

chemical shift™ 34.0 % 34.6 ppmol BEEA] igi). o=yt
2 ~E ] 53l 2EEe] WiEo® 2 BE 1S e}
U= Aotk 353 ule] 2EjR o] F7ksle] 26 mol% 714
o] FF AT Sypell 7121 chemical shift 25.1 ppm=> Y]
A9k S chemical shifti= 34.0 2 34.6 ppmelr] #2=A] QIgkck
HhE FE3toll ] AES] ko] 30% oie] ¥ SES wjgS v
ERf= & chemical shift7} #2EAC) 0|72 AE|A2] dgo]
71kl whet SES ulide] A=) Al Zhs wsit ~Ej)
sleFo] 30 mol%s s Hw 34.0% 34.6 ppme] J=1% ¥z
Hlo] FZ A el SES widelx] AE]gIo] head—to—tailo] o}
2} head—to—head 2% Y= AS HolF&th A= 3584 U2
2EJRl o] AAA AW S EE AskEE 2s o 5
At

ol Ale] thEjezk=e] Wslel] 71Q1E FHullze] e &
S MG 7Aoo F Aot §lis A= VeIt Table
3). AN Dow Fjje} ojaivE 2 Alvh= o) Ao xjo|7} Q=
Z 07 HeItk Table 39 Catalyst 59 Dow SIS ARgslo] 2=
H F==5Holl A B2 chemical shiftys $213193 91} 2+ chemical
shift] HlE-2 AJd3] vz #=9Ick Dow Ul Az 25

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 o Carbon Sequence Chemical Carbon Sequence Chemical
type shift (ppm) type shift (ppm) type shift (ppm)
1 Spp SES 25.1 1 Spp SES 25.1 - - - -
2 Sps SEES, SEE,» 21.2 2 Sps SEES, SEE,>; 21.2 1 Sps SEES, SEE>; 27.2
3 Spe+Se+Sy  SEES, SEE» 29.4 3 S St Sy SEES, SEE,» 29.4 2 Sy+Sas+Sy  SEES, SEEss1 29.4
4 Sap SES 34.6, 34.0 - - - - - -
5 Suy+Sws SES, SEES, SEE,»; 36.6 4 Sey+Ses SES, SEES, SEE,»; 36.6 3 S SEES, SEE,;»1 36.6
6 Tsst T, SEE.»1 SES SEES 45.6 5 Tss SEE,»1 SES, SEES 45.6 4 Tss SEES, SEE,»; 45.6
Sas  Sp Soy  Soy Sab Sp Soy  Say Sas  Sg
" SEE Ph sgs Ph Ph gEg Ph  ggg Ph Ph e
Sa5 Sy Ses S Sy Sus S5 Sy Sas
Tss S Sps Tas Tss  Sps s Tss Tss S Sps Tas
Ph SEES Ph Ph SEES Ph Ph SEES Ph
Ph
Sop
Tys  Sap'®
h

SES or SS

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

Peak Carbon type Sequence C.hemical Area of the resonances
shift (ppm) Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5 Cat. 6 Dow CGC
1 Sep SES 25.1 7.47 4.98 6.40 7.23 5.45 4.92 4.8
2 Sps SEES, SEE,>1 27.2 13.03 15.96 14.15 10.04 15 15.98 14.32
3 Sp+Sss+Sy SEES, SEE,»; 29.4 32.91 30.31 25.74 20.88 31.67 30.32 50.72
4 Sep SES 34.6, 34.0 - 5.12 6.08 7.63 4.70 5.02 -
5 Say+Sas SES, SEES, SEE,>; 36.6 30.5 26.94 28.10 32.73 26.51 26.98 20.53
6 Tsst+ Ty SEE,>1 SES SEES 45.6 16.54 16.69 19.53 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,

[A1]l/[Ti]=4000, [S]=1.3 mol/L.
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