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EF: Para—xylene?] 71& 722 A4 47]9] o]& CGCE &-83to] odallz} 1-dAle] 353538 A8to]
FUFE] T2ARI SA4o] Sl vl G IARINITE 47141¢] 013 constrained geometry catalyst (CGC)
FolM 37z B para—xylene TRIE Ad=o] glon) widlye] F-2el] 27} the X7} At Z o =A X
3kA|= 94 (Catalyst 1), isopropyl(Catalyst 2), n—hexyl(Cataylst 3)©]3l, n—octyl(Catalyst 4) Q! 3FzH=0]3]
ok o3 wiE=Al 47F49} Dow FullE AREslo] @z} 1-34ks 353AIA e XAE 7K oRlRiEe] +
ZAR EARISP F0|9] SEAT o) 2HE AEE TSEAL 5 viAle FEs ZARISIoE A" A9 o
YREEe] Sl uhet 2yt Aad 2jolido] =ik SIS XA A7 7P JE il 7
E=3koH, isopropylellX] 7R wekem 71 zjoli= ) 36l ol de]iet. Wi Al XAt isopropyl?] FwlellA]
A F5dA7E 7FE 2L, n—hexyld 1—octyl X3k slgEelA 7P 22 EA3S] 35 3AE A= oA
1 21l 6l Gt o] CGCel 355 542 X8Vt 21 ¢27191 n—hexyl W 1—octyl $igHEo] 71
Srsle] BAE 2ol 1-3AS 718 o] skialo] 40% oPde] 1-3AS E3lsl= ojddl F53H1E Al
T At ol et A A= FullatE Aglel] ot 1A} vHlTR FHEolERs A §439] 7P o F
o] xylene tH&l& 71Xl o]& CGCE A $AE 3o wH 7Fsshes Holg+ Ayo|t}

Abstract: Effects of structural features of 4 dinuclear constrained geometry catalysts having para—
xylene derivative bridge (DCGC) on copolymerization of ethylene and 1—hexene were investigated. The
bridges of three catalysts have para—xylene backbone with a different substituent at benzene ring.
The substituents were hydrogen (Catalyst 1), isopropyl (Catalyst 2), n—hexyl (Catalyst 3) and 1—octyl
(Catalyst 4). It was found that Catalyst 1 having hydrogen as a substituent exhibited the greatest
activity among the four dinuclear CGCs. On the other hand, Catalyst 2 containing isopropyl as a substituent
showed the smallest activity. Very interestingly, Catalyst 2 was able to produce about 6 times higher
molecular weight polymer than Catalyst 3 and 4. Catalyst 3 and 4 having a long alkyl chain substituent
revealed the biggest comonomer response to generate polyethylene copolymer containing more than
40% 1—hexene contents. These results suggest that the control of the substituent of para—xylene bridge
of dinuclear CGC can provide a proper method to adjust the microstructure of polyethylene copolymers.

Keywords: metallocene, dinuclear CGC, ethylene/1—hexene copolymerization, bridge substituent effect,
microstructure control of polymer.
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o= 4% 2]z Z3Hcontrolled radical polymerization) ©]* 1.2
] glo)Zke] AAdHbA o) wiel nitroxide—mediated polymerization
(NMP),” atom transfer radical polymerization (ATRP) #°7 rever—
sible addition—fragmentation chain transfer polymerization (RAFT)®
SOF WHECE o] Foli Eeleule Aol AEk= S0
2 QIS AAAR! Aslekaalze] AR 7E xIsgsie] A
v, S el ARdstel] A3sision] sl miEEAlE: o]
B3 AlREo] vkl kAL QLo Fel e ghtet At X1
a1 ik eko = Alfslshilgle] o] Asleel wket 9=gh AlEel
o3t AP GRS 213l Wg=Al 7keel] 3 ZulEu AR v
7P Z1 07 ode]ar ik
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Urt Wgd=2Al T Ve tRIERER AAAR] sigkEo|EE ARk W
g4l vlwsle] tijERErF EABR=E Zlo] Ajo|olt) ukeA] o
etz Alo] URE Wgkz Al thE AL tlERRIEs] 7241 5
AL EAo] 2dd 4= 9l

= Aok 237 9] Aol oJshd o)smelAle] EAfsh= T

EgH, #3548 A63, 2011

N

NoL2
Cl/, / \Si--l
Cl'Tl\

b
1x
44

Catalyst 4
Scheme 1. Structure of Dow CGC and xylyl bridged dinuclear CGCs with different substituents.
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Aol vekaA| PEE mAl= Aow st ol teleiiis
o] Aoz} wigtel] we} 5 7H2) vz Alle] ojaf g Yolerdel &
37e] Ael7 WshA HaL olel] whet fol2o] 1714 IA)E S4do]
R 9% 571 wheo osi=gint dnbs o 5 dXdRie] 72t
oA SIS ST Aduls antARe] AR At A

TS A W Al F5ol) 74 Fadt ofguie) B
ST SAe ool olalREAlel BREIglon olf 59 ah

= 7 7S] o] s ARgsle] RS RS AR RS
o] A= 421 nucleation effect”} ARk Ik

F ATelME tRERIES] Zol9) X137 thE 4714]2] osin|
G218 Eg3lo] o ez} 1-IS FFTAIA trlelrE=e] X3k
9] kS #ESINTHScheme 1). TRRIERE=S] X3S WAA7)7]
$38l para—xylene(Catalyst 1) 3} t=]g|zF=e]] X|ZAZA iso—
propyl (Catalyst 2), m—hexyl(Cataylst 3) 2} n—octyl(Catalyst 4)-&
7R WAL AlEsslo] S3ke 2831t

4 g

ME. e AP 23 AAE AASIL A7) stellA] 218
3o, Aa= NS 7|8r1713L CaSOy AHS EAIA
2 AASE Fof] ARgBINTE B Abde)] TS SIRFEE-S Glove
Box (Mbraun—Unilab) %! Schlenk Lines §3ll ARE=SITE 23]
AMgEl gl tetrahydrofuran (THF), diethyl ether, Sk E5-4,
ek YEFT Mixvl=0 = SHst ol ARg-3tleH, dichloro
methaneS CallZ 553101 ARE3ISIT) Zirconium (IV) chloride
(ZrCly, Aldrich Co. USA), sodium cyclopentadienide (CpNa, 2.0
M solution in THF, Aldrich Co. USA) & © o) #I8k4] &ar
QIsk e = AREEISITE Sl Az AR 1,4—dichlorobenzene,
a,a—dichloro—p—xylene, titanium chloride (Aldrich Co. USA),
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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¥} fert—butylamine
(Aldrich Co. USA)-& 7J3te] “gA] glo] ARg3teict w3l AR
Dow Zvllo} TiCls(THF) 5= 3ol Bl 2 A|zslo] A3
o8l o) 2olg) FEul= methyl aluminoxane MAO, typed,
4.2 wt% Al in toluene, Albermarle Co. USA) & AR&5151 1, oel@l
(G 99.99%, MS ER71Y) 3 4= oxy—purge AHS S
AlZ1 Fof| ARSIt FEAIE sl el A= wEkEy
kS =0 A Glo] ARgSISIt sET mRAke] EAolk= IR
(JASCO FTIR—-5300), NMR (Bruker DPX—300 FTNMR), DSC
(Perkin—Elmer/Pyris 6), GPC(Waters 150C), TGA(TA Instru—
ment Inc., USA/TGA 2050) 2} EA1112(FISONS Instrument, Italy)
£ ARSIt

B TR AL Slelld 400 mL FEREE7 1S ARESle] =S
th SR 2L FRRRRAE o] 83lo] YIS eIt RES
71ell el 2] 2EjRE: gt E7ell S-S A9 F511R1 MAO
£ Wk offdils BHAIA E3MEE wiEtt offgdlle] v E
she® AP S8l cldals: Al 8o Sof SHwA SuiE
3t ke XA Fall 53 ARE $l HCLS: &t gt
=5 WRF W FEEAPE 89 Tl aAlskE L o duiA
Azl FAE S7dgk

Z&H| M. 534 782 DSC(differential scanning calori—
meter, Perkin—Elmer/Pyris 6) & o]-83}0] 24715 sleld 745151
o S ASE 20 ColM 138%F fAARE $] 10 C/min %=
Z 300 T7HA] 713t S thA] 20 CT7FA] 7198t wle) FUst =
WA o] Tt 2102 7HAshEA 75,(0) S SA3I8I
A EALLL2E ARSSSIt 353 A1e] EAkS ASTM—
40209 webr] 37EAS decahydronaphthalenel] =994 Ubbe—
lohde—type FEAIE AME81] 135 Colld] S7daioint B3k Al
3} BAZRTE =48 98] 170 Colld 1,2 4—trichlorobenzenes &
2 s}o] GPC(Waters 1500) & ARE3I31TL

[{Ti(n®n'~CoHsSi(CHs)2N'BU)Cl2} {CH2(CsHa)CH} ], Catalyst 1
o| M. 2IRt= 31gkE[{ (NHtBu) (CHs) 2Si(CoHg) (CHa) } 2 (CoHy) |
9] sk golle] n—Buli 4938 —78 CTolx] 3715k So] 443 7
207 2EE &Y Fof 60 TollA 12413k ol 7Fdsht RES- §-
‘oA sl golle) 1] o TAE FAEO R AL Fof
Z5P 2R=9) tetralithium €91 [{(N'Bu) Si(CHs) 2} (CoHg) 12CHs
{(CsH7)2(CeHty) } CHa L7} 94%2) &= Qojxict. —78 TeilA
tetralithium 9 (1 g, 1.62 mmol)= TiClz(THF)3(1.31 g, 3.56
nmol)& THF 25 mLel| #5<1 &-<he]l Xx3] 7RIt 842 4]
& SA] ARel)M AL Ao Wsleh o] Aol 3ART Ak 1] vt
S XEsh) 1 9o AgCl(0.5 g, 3.56 mmol) & 7Iekd 4] 2
H1-go] dofutt 1A Y= HEgAZ] Sl o5 AASL E57<
Fletal ofFfsitt EF4llell 5] o= £3E o9& 3l AAs
e E7 Lollelx] GulE AAgE e A A aAlEEE
3} drle] EkgA o R AN s T A=

el IARA 40%2] TEE Foixick
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NMR (300 MHz, CDCls, 25 C, 8§, ppm) : 7.71(d, 2H, CgHs),
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7.58(d, 2H, CoHs), 7.38 (¢, 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, ¢~
Buw), 0.86(d, 6H, Si—CHs), 0.63(d, 6H, Si—CHs). “'C NMR(75.46
MHz, CDCls, 25 C, &, ppm) : 138.01(CsHy), 136.38(CoHs),
135.18(CoHs), 129.19(CgHs), 128.90(CoHs), 128.38 (CoHy),
128.08 (CoHs), 124.75(CeHy), 97.43(CoHs), 63.48 (C,—Bu),
34.80(CHy), 32.54 (CHz,~Bu), 3.52(Si—CHz), 1.22(Si—CHz).
High—resolutionmassspectrum : [P*] CagHyeNaTisCLSis, m/z=
828(M"), 790(M" —CD), 758 M*—Cly), 720(M " —Cl).

[Ti(n%n'-CoHsSi(CH3)2N'Bu)Clal2[CH2 {(C3H7)2(CeHz)} CH2,
Catalyst 22| g, & M- Catalyst 1= #AlEshe W 22
g o7 AL} om VA tetralithium FZ [{(N'Bu)Si(CHz) o}
(CoHg) } oCH2{ (C3H7) 2 (CeHy) } CH) Lis (1g, 1.62 mmol) S AF&-3}
Stk RS Bl e A2 A9 TIARA 40%2] TEE
Hofxirt,

'H NMR (300 MHz, CDCl3, 25 C, 8, ppm) : 7.70(d, 2H, CoHs),
7.69(d, 2H, CoHy), 7.34(t, 2H, CoHs), 7.23(t, 2H, CoHs), 7.08
(s, 2H, CsHy), 6.26(s, 2H, CgHs), 4.42(q, 4H, CHy) 3.08 (m, 2H,
CH), 1.14(s, 18H, ~Buw), 1.01(d, 12H, CHz), 0.87(s, 6H, Si—
CHgy), 0.58(s, 6H, Si—CHz).

C NMR(75.46 MHz, CDCls, 25 C, 8, ppm) : 138.04(C,
CeHy), 137.53(C, CsHa), 135.90(C, CoHs),135.36 (C, CoHs),
134.75(C, CoHs), 129.21 (CH, CHs), 128.86 (CH, CoHs), 128.40
(CH, CoHs), 128.29(CH, CgHs), 127.46 (CH, CoHs), 124.79
(2CH, CeH2),97.47(C, CoHs), 63.48 (C,+—Bu), 32.58 (CHs,
t—Bu), 32.17(CH2), 28.92(CH, i—CsHy), 23.89(CHj3, i—CsH7),
3.52(Si—CHs), 1.16(Si—CHs).

EA 4] 1 C44HsoCliN2SizTi2(910.68) : Caled. C 58.03; N
3.08; H 6.64; Found C : 57.99; N : 2.86; H : 7.14.

[Ti(n*m'-CgHsSi(CH3)2N'BU)CI2]o[CH2 {(CeHi3)2(CeH2)} CHel,
Catalyst 32| €. ¥ 3}5+E-2 Catalyst 1S AZsk= Wie &
2 Fgor AP ow, A tetralithium B2 [{(N'Bu)Si
(CH3) 2} (CoHp) ] o2CH2{ (CeHi3) 2(CsHo) } CHol Lis (1 g, 1.62 mmol)
£ ARBISITE AARS Bl AV ES A Ao IARA 47%
o] &= Adojrirk

'H NMR (300 MHz, CDCls, 25 C, &, ppm) : 7.73(d, 2H, CoHs),
7.59(d, 2H, CgHs), 7.38(t, 2H, CoHs), 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, +~Bu), 1.15(m, 12H, (CHz)3),
0.89(s, 6H, Si—CHsz), 0.86 (m, 6H, CHs), 0.61 (s, 6H, Si—CHz).

¥C NMR(75.46 MHz, CDCls, 25 C, &, ppm) : 138.70(C, CsHy),
137.46(C, CsHy), 135.89(C, CoHs), 135.74 (C, CoHs), 135.53(C,
CoHs), 130.94 (CH, CgHs), 128.98 (CH, CoHs), 128.37 (CH, CoHs),
128.16(CH, CoHs), 127.96 (CH, CoHs), 124.78 (CH, CsHy), 97.60
(C, GoHs), 63.52(C, +~Bu), 32.64 (CHs, ~Bu), 31.91(CH>),
30.99 (CHs, n—CsHi3), 29.37 ((CH»)3, n—CgeHi3), 22.83(CHy, n—
CeH1s), 14.36 (CHs,;—CgHis), 3.59(Si—CHs), 1.24 (Si—CHzy).

EA 4] 1 C50H79CLiN2SizTi2(994.84) : Caled. C 60.37; N
2.82; H7.29 ; Found C 60.34; N 2.78; H7.31.
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[Ti(n’n"~CoHsSi(CH3)2N'BU)Clo]o[CH, {(CsH17)2(CsH2)} CH2,
Catalyst 42| &M, 2 315152 Catalyst 15 #AZ5h= W 2
L& g or Ao WA tetralithium G2 [{(NBu)Si
(CHs) 2} (CoHe) } 9CH2 A (CgHi7) 2(CeH2) } CHal LisE AMHE3ISITE.
AAde Bl WIE2 2 A4 uARA 48%2] &= D
Zc,

"H NMR (300 MHz, CDCls, 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, CeHy), 6.28(s, 2H, CoHs), 4.36(q, 4H,
CHy), 2.46(t, 4H, CHy), 1.33(m, 4H, CH,), 1.34(s, 18H, -
Bu), 1.14(m, 20H, (CH2)5), 0.87 (s, 6H, Si—CH3), 0.85(m,
6H, CHs), 0.59(s, 6H, Si—CHs).

C NMR(75.46 MHz, CDCl3, 25 C, 8, ppm) : 138.71(C,
CeHy), 137.44(C, CsHy), 135.72(C, CoHs), 135.52(C, CoHs),
135.50(C, CgHs), 130.96 (CH, CgHs), 128.96 (CH, CCoHs),
128.37(CH, CgHs), 128.34 (CH, CgHs), 128.15(CH, CgHs),
124.76 (CH, CgHy), 97.58(C, CoHs), 63.51(C, t—Bu), 32.63
(CHs, ~Bu), 32.12(CHy), 31.05(CHy, n—CgHy7), 29.67 ((CHy)s,
n—CsHi7), 22.88 (CHz, n—CsHi7), 14.36 (CHs, n—CsHi7), 3.58
(Si—CH3), 1.25(Si—CHa).

EA ¥24: Cs54HgoCLN2SizTiz (1050.94) : Caled. C 61.71;
N 2.67; H7.67 ; Found C 61.68; N 2.69 ; H7.62.

At EE

ofeallz} 1-34le] FEFL FFEE 30, 40, 50 Csh 1-34l
9] F% 0.2¢} 0.4 mol/Lolx XY= thk 40 T Fgl=
F7H 0% 0.8 mol/LeME A3E F3faiolon] A= Table 1, 2,
3ell Aol A3 BlnE 18 Dow s olaimg= A} g
7 40 C Z8ol =511k

Table 1. Results of Ethylene/1-Hexene Copolymerization at 40 C

EMEY. 53 242 F0) 5439 71 7E2o]a Fa3k 940)
o} oivkebd o] 958t 543 7L Qo E/do] Au|A| B
o Fuljexfe] A1 AR 7E7F Q171 wizeltk Table 191 v
ERcH nle} o] Fgtell =44% 571 Fle] B2 F5 23l Wt
theksiA Wkl st 73 9] Al A9 dshAl YER o
Catalyst 1 > Catalyst 3~Catalyst 4 > Catalyst 2 > Dow Zvjjo|t}.
FERIE 40 C, 1-34 55 0.8 mol/L S8l 71 =2 Catalyst
19] 42 751 Kg Polymer/[Ti] hatmo]al 7Fd 32 Dow Zujj9]
gA)S 386 Kg Polymer/[Til hatmZA] ok 2 wje] xjo)7} wirk
o] gL FEe 1-3X0] T2t SIS e ¢
HERl &k Btk T35 30 Col 50 C2 S2pd tiit
9] Zafjel ] G4 3 A& FTIeIih H1o 4 FHeE
50 T} 1-34l 5% 0.8 mol/LellA] 1670 Kg Polymer/[Ti] .h.atm
ol3it Wb 1-3A1e] 50 STk It DA S e 2 &
el B3l wHESick

Sl vepd X3S GaE AFA o= Azl E4do]
7Fg & Catalyst 12 28V 54~ 5, 287 §l= xylene TR
£ 7K o]3iEufjo] a1 71 w2 GAE BRI Catalyst 2= I3}
isopropylQ! Fule|ck. X|gH2A 42428} isopropyle] X714 1A1A
EAL wihe- vhEr) AR 0% S AL JEo] §lent isopropyl
&AM T 5SS T JoEE ARt s @44S K
SPAZIAl Ha o)RE Ao o Fale] @A FINTIE a9
& Ao dEEnt A ArjFoRE 4] AHE 71
Catalyst 2, 3, 47} 74 XZHAIE 71X Catalyst 19 Bls] 27 F71]
AL A 0R ofglEr) sRRE BE FekEzdolx] Y42 Catalyst
1 > Catalyst 3~Catalyst 4 > Catalyst 224 YJep} X|gkA|2] 1714
IR V== B39 wAgh= ARIEISICE olZM 2 ATellM A8
H ot AREe] S A714Q1 JEHriE ARl 24 EX
TA ZGEE & Sk

AEAe)| e JAZR] Q4= XA 717} 7Y FQsith

Cat’ [Cel? A 7 (C) 7.(C) AH Pol—Cy¢’ Mf MWD* M
0.2 327 122.4 110.0 27.9 17.0 149500 2.22 130000
Dow 0.4 348 119.0 102.5 6.10 20.1 120700 2.17 39600
0.8 386 - - - 30.2 - - 16300
0.2 479 120.0 108.1 9.7 19.0 - - 82900
Catalyst 1 0.4 687 - - - 31.6 52400 3.05 28800
0.8 751 — - — 34.0 — - 14500
0.2 302 122.2 111.0 5.7 18.0 - - 174000
Catalyst 2 0.4 386 - - - 29.1 55700 6.36 29700
0.8 457 - - - 37.1 - - 19900
0.2 381 120.1 110.3 1.8 24.3 54000 5.98 36400
Catalyst 3 0.4 421 - - - 31.6 35000 2.82 23400
0.8 570 - - — 437 — - 12700
0.2 309 120.5 110.8 1.4 27.1 36900 4.69 25300
Catalyst 4 0.4 389 - - - 32.0 25300 2.97 12300
0.8 501 - - — 43.8 — - 10400

“Cat=Catalyst, Catalyst concentration [Ti] =107°® mol/L. *[Cs] =Concentration of 1—hexene, mol/L. ‘A= activity (Kg Polymer/[Ti] - h - atm).
“Poly—Cs=1—hexene contents in copolymer, mol%. M, (molecular weight) and MWD (molecular weight distribution) measured by GPC. A7,

=Viscosity average molecular weight.
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Table 2. Results of Ethylene/1-Hexene Copolymerization at 30 C
Cat.’ [Cel” A 7 (C) 7.(C) A4H Pol—Cg’ M MWD* M
Catalyst 1 0.2 446 121.1 108.1 10.6 18.0 - - 74400
Y 0.4 463 119.9 107.6 4.12 24.1 46100 2.96 50700
0.2 243 122.4 112.2 12.8 17.9 127500 7.92 101000
Catalyst 2
0.4 246 120.4 109.8 6.8 24.0 46900 5.26 67000
0.2 235 122.4 111.2 5.5 221 66400 7.02 37400
Catalyst 3
0.4 256 120.9 111.0 4.2 24.3 55000 5.85 31900
Catalvst 4 0.2 221 122.0 111.5 5.7 22.2 69200 7.34 50700
Y 0.4 250 120.9 111.7 3.1 24.6 64900 5.96 34900

“Cat=Catalyst, Catalyst concentration[Ti] =107° mol/L. ?[Cs] =Concentration of 1—hexene, mol/L. ‘A= Activity (Kg Polymer/[Ti] - h - atm).
9Poly—Cg=1—hexene contents in copolymer, mol%. M, (molecular weight) and MWD (molecular weight distribution) measured by GPC.

=Viscosity average molecular weight.

Table 3. Results of Ethylene/1-Hexene Copolymerization at 50 T

Cat.” [Cel” A T, (C) 7.(C) AH Pol-Cg’ Myt MWD* M
Catalyst 1 0.2 1511 120.0 108.6 3.6 14.1 31300 4.75 21900
0.4 1670 — — — 24.3 25700 2.74 12500
Catalyst 2 0.2 615 1215 110.8 3.6 15.6 54900 4.81 32100
0.4 618 - - - 24.3 25700 2.74 12500
Catalyst 3 0.2 626 120.9 110.9 1.1 18 28000 4.01 19800
0.4 739 - - - 29.1 17400 2.54 6550
Catalyst 4 0.2 641 120.7 110.3 0.9 18 23800 3.86 19100
0.4 758 - - — 29.6 18200 2.90 9830

“Cat=Catalyst, Catalyst concentration[Ti] =10® mol/L. *[Cs] =Concentration of 1—hexene, mol/L. ‘A= Activity (Kg Polymer/[Ti] - h - atm).
9Poly—Cg=1—hexene contents in copolymer, mol%. M, (molecular weight) and MWD (molecular weight distribution) measured by GPC. /M,

=Viscosity average molecular weight.
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