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T, & 743 Qoh welkA] sPSe Uddol Holvta
ekE A, YaA 55 7IXa slon, X498

= #dith

olg} £2 54& 7k HATHA 5 sPSE
Az 7F glol, W8 1R nR7PHAS B
71587} 7hsstAl 2 Ao vidiEr.

MAO Zvjj#

oA 5

AF7A 2" sPSE e 4 Sl MAO &)
A Table 20 Vel et 2719 styrene e syndio-
specific 3§ 23 Zrll= MAOS} o8 E7¢
Aolg43gEe] £ AEor oA, Ti 3
&9 ligande} GA7te} o= HE FEFS o}
CpTiCl, 2 (CpMey)TiCly7t Hli1Ad Ho Zuj&A
(eF 200 g/mmole Ti)& vfebdch,

Kakugo'®= 302 7}i¥ biphenoxy ligandZ
7 (DT 2L 729 5o 1840 sPSE
AN wastgen, Soga'® T F4 Ti(3
7b & b9 F3EFH AlMeRRE ZAG

476 Polymer Science and Technology Vol. 3, No. 6, December 1992



Table 2. Syndiotactic Polystyrene& 9=+ MAOZ
vl |

Aolg& SF{E ZZu]  Ref
TiCl,, TiBr, MAO 12
Ti(OEt),, Ti(OMe), MAO 12
CpTiCl, MAO 12
CpTiCls, (CpMes)TiCls MAO 12
Cp:TiCl,, (CpMe;).TiCl, MAO 12
(CpMes;),TiCIH MAO 12
Ti(acac).Cl, MAO 12
Ti(CH,Ph),4, Zr(CH,Ph), MAO 13
Ti(acac)s MAO 14
TiPh, MAO 14
@D MAO 15
Ti(SOy); + 8H,0+ AlMe; - 16
Ti(SOy); + 4H,0+ AlMes — 16
K,SiO(C:0,)» + 2H;0+ AlMe; — 16
Ti(Menthoxy), MAO 17
Ti(OBu), MAO 18
Ti(OBu)./SiO, MAO 18
Ti(OBu)/MAO/SiO, ~ 18
Ti(OBu),/Mg(OH), MAO 19

MAOZe 2% sPSE L3ith. o]eizto] TistgE o]
ligand+= syndiotacticitydl] #od3}A] el Bzt
Hoj2, ligando] g ofzte] Abolm @EHEH I
gtk g MAO9 Ti(OBu), 39 3% 32 4%
EFE Si0y0l 2AA7 ExdA Fullo] oJiM=
14&2 sPS7E dopgrt. g7y Ti(OBu) /MgCl,
(OH),-MAOAe] Wig HAAAT FHEHC,
MgCl,-8l= iPS7}, Mg(OH), Bl sPS7), %3
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H3C C(Lﬁs)s

N

S TiX,

o
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22X nEtn) 7l= A3 A 63 1992 129

CALIeS

Zambelli= Ti(CH,Ph),~-MAO ZujA] lo]A
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gy s
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FE4E ke 2 Ak Zambelli® 52 Ti
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790 A alkylX| 3} styrened] thaj A7t sPS7} Hof
Aok, FAA ¥hgAH] (M, =styrene) 3} oAto]o]
€ log(l/r)=p - o7} AYHE 4353 @A}
AYEH, pe] grol —1,170)dch, EF o] FollA
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2 APEHAG. o5 AFHE FE wi9 cation me-
chanismo| A|¢t=Lg]ct,

Zambeli®5-2 91914 @& CpTiCls, Ti(CH,Ph),,
Ti(OR) A9 AAE FA3] |2 AE3H. & p-
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AP o) wkate], Ti(CH,Ph),, Ti(OR),=
atatic TS Aoy, =3 Axjoir ] FFHEA
& MAOE =9 Fuig tEo] F7tshd, FA A
= Al/Tid] 7} oF 205E] 10071 X]) A3 FH& Holi
Ak, 23 CTiCl A9t Ti(OBw) Aol chaiA
o2{7}A] benzene FEAE L2 ARR3lA sty-
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%o] benzeneilgle] HMAEET} 2L EuiE AHE
3 AR M 4ol FdEE Ao HEl, F3b
oM BAo] TAhde A& Do ol F
e AHE  de 2d=2A CpTiClyell vis) (D)
3 o] 15 HAix <} 37}¢] cation TiZg, E3H
Ti(OBuw),o] tisix= (D2l cyclopentadienyl
anion th41ol areneo] vj ¢ 3t 16 A x}ufx] 2] 27} ca-
tion TiFE Atz glth, =3 MAO= S99
e A9 2ol, °|F cationF S AAF7] A%

Lewis acid24} &A&3ta glvbn AEXQ).

@
Qeoy

complex cation[ CpTi(lI) (P) (styrene) ]* (P=growing
polymer chain)

Ethylene=} Styrenes}e] #3#

Longo® & C,TiCl;-MAO, Zr(CH,Ph),-MAO
®E Ti(CH,Ph),-MAOAE A}&3l ethylenes
styrened] F5 %S HESAT. Zr(CH,Ph) F-H=
polyethylene(PE) o], Ti(CH,Ph),%EH & PE¢}
sPSe] E3Eo] o= whsle, CpTiCl,ZR-¥]
= FEEA7E dojge. ou FFEA TR
MAO/Tinjoj| ¢]&3le, o H|7} e Ao
random FE§H|7}, & 7S PE-sPS9] block
FZ2EA 9 Bebo) styryl7]E W PEAV)He] &
FEo] dojAh

Ph—C=C—A—C—C—)—H av)

Kakugo®™ $& 94 AF@ AR(Dg AHgsty
o2 FEH|E styrene} ethylene?] ¥EHS AE
3t o= FEH]o) QlojA % ethylened} sty-
rene9] alternating F5FA7l LojAL}, styrene
Tt G 7A9-o= 2HH styrene unitE £ 3}at
PE7}, =3t & 79l sPS homopolymers} &
Advs Zo] 1A ol2g Az RE o
Aol dolxe Holx 27)9 F§BAZo| &8}
i1, alternating FZ %A= sPSE = SAEA=
g g4gez R Y4 Holgkn 359
o}, 223l alternating 5 A £¢ phenyl7)=
3% 9] isotactic YAMXE A} glok= Ao 18C
NMRZRE &=}, o]ehzte] MAOE %351
ol 7HE EFvldl oM FrlEE Tz o
27HA) SAE Fojd 4= o, B4 4Fol
EAqste] I FFe F3] oY

HIMAOZ-+) A

SellA A71BEA o] iR FUA SrfoM=
MAO7} &2 ALgshd, MAO9Q] 7}40] ¢f 200
RHel/kgS 2 U 1711 Ro| FAojt}, whakM
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% Cp*TiBzy £-2& Cp*TiMe;9t B(CFy), 2 1: 1
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Table 3. Polymerization of Styrene in the Presence of Different Organometallic Compounds of Titanium and

Zirconium
Run Organometaal)lic Cocatalyst? ) Timg Yield PolymerC )
compound in min ing structure
19 Cp*TiBz; B(CeFs); 10 30 syndiotactic
29 Cp*TiBz; AFPB 10 0.02 atactic
39 Cp*Ti(CH,); B(C4Fs)5 10 1.6 syndiotactic
49 Cp*Ti(CHz); AFPB 10 0.03 atactic
59 Cp*TiBz® AFPB® 120 0.1 atactic
6" Cp*TiBz; B(CeFs)3 10 11 syndiotactic
7¢ - B(CeFs)s 120 1.3 atactic
8w Cp*ZrBz; B(C4F5); 300 0.05 atactic
9’ TiBz, B(CsFs)3 300 0.1 mixture of syndiotactic and
atactic polymers
10° ZrBz, B(C¢Fs); 300 0.02 atactic
11? TiBz, AFPB 300 0.04 atactic
129 ZrBz, AFPB 300 0.03 atactic

® Cp*TiBz; : (n-pentamethylcyclopentadienyl) tribenzyltitanium ; Cp*Ti(CHs)s : (n-pentamethylcyclopentadie-
nyl)trimethyltitanium ; Cp*ZrBz, : (n-pentamethylcyclopentadienyl)tribenzylzirconium ; TiBz, tetrabenzylti-

tanium ; -ZrBz, : tetrabenzylzirconium.

® AFPB=N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate.

9 Determained by 'H NMR.

9 For runs 1~5 : 11 mL of toluene ; 5 mL of styrene ; 4.4 - 10°mol of organometallic compound ; 4.4 + 10°mol

of cocatalyst ; temperature 50C.
© Aged catalytic system.

" For run 6 : everything like runs 1~5, except : 9.7 - 10%mol of B(CsFs),.
® For run 7 : everything like runs 1~5, but no organometallic compound was used.
" For run 8 : 5mL of toluene ; 5 mL of styrene ; 5.0 - 10°mol of Cp*ZrBz; ; 2.0 » 10°mol of B(CeFy)s ; tempe-

rature 50C.

? For runs 9~12 : 5 mL of toluene ; 5 mL of styrene ; 1.0X 10*mol of organometallic compound : 1.0 - 10*mol

of cocatalyst ; temperature 50TC.

2 Hod =& syndiotacticityE 713 ZujE oL
T Atk 28 B(CFp),3E BB o2 AMSE A9
e Fu@dol s, Ho|FEHIFE  glo]
B(CeF5) 1he @502 AMS& do& cation 53
o2 P o] atactic PS7F A AL}, 2t ge
Z748to) - AFPB(N, N-dimethylanilinium tetrakis
(pentafluorophenyl)borate) & A}28 AL =
B 2 GATFEAG ] A YRR gsir}, o]
2% A= (VoA Jebd ule} 28 whg-o o3
¥ free amineo] EF-L A3l A 7)lE

XN 7| A3 6% 19929 129

Aolg wA.

Cp*Ti(CHy)s+ [(CH3):N(CsHs) HI* [B(C4Fs)e] —
[Cp*Ti(CHs)21* [B(CeF5),]~ + CHy+ (CeHs)N(CH3);
Q%)

TiBz,/B(CFg) Aol Ae Znl@dat dA)++24
o] B yoton, zirconium3}gEe B(CiFy)y &
© AFPB ARgAll Aol 848 JehlA gt

MAOsg} dej7tE wheAIA Holg&3lgEd
A AR AL-ole TEu] s MAO7} ofd trialk-
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