
CHAPTER II
LITERATURE SURVEY

The development o f  metallocene and sing le site cata lyst technology  
has led du ring  recen tly years to syntheses o f  metallocene po lyo le fin s . The 
im pact o f  metallocene catalysts extends beyond simple o le fin  po lym eriza tion . 
I t  has opened the doors to  new classes o f  po lyo le fin s  inaccessible by classical 
Z ieg le r-N a tta  po lym e riza tion . I t  is in teresting to exp lore the possible  
app lica tions o f  metallocene catalysts in  general and to search fo r other sing le 
site catalysts in  place o f  heterogeneous catalyst systems.

2.1 Homogeneous Metallocene Catalysts

Sinn and Kam insky (1980) reported the synthesis from  metallocene  
and m ethy la lum inoxane o f  a so lub le o le fin  po lym e riza tion  catalyst. Th is  
h ig h -a c tiv ity  cata lyst is capable o f  p roducing po lye thy lene hav ing  narrow  
po lyd ispe rs ity .

M eta llocene is the class o f  compound in  w h ich  cyclopen tad ieny l or 
substitu ted cyclopen tad ieny l ligands are 71-bonded to the trans ition  metal from  
group 4b (F igure2.1). The trans ition  metal is usua lly z irconocene but other 
group 4b metals are sometimes used.

Figure 2.1 The structure o f  metallocene.
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T h e  m a in  fea tu res  that d is t in g u is h  h o m o g e n e o u s  m e ta llo c e n e  ca ta ly s ts  
fro m  c o n v e n t io n a l  Z ie g le r -N a tta  c a ta ly s ts  are

(a )  th e  a b ility  to  p o ly m e r iz e  a w id e  v a r ie ty  o f  b u lk y  m o n o m e r s , su c h  as  

h ig h e r  a - o le f m s ,  s ty r e n ic  c o m p o u n d s , d ie n e s , c y c lo - o le f in s  and  
p o la r  m o n o m e r s  (S ta rck  e t  a t . ,  1 9 9 9 ) .

(b )  th e  a b ility  to  p r o d u c e  e x tr e m e ly  u n ifo rm  p o ly m e r s  an d  c o p o ly m e r s  
o f  n a rro w  m o le c u la r  w e ig h t  d is tr ib u tio n  an d  n a rro w  c o m p o s it io n a l  
d istr ib u tio n  ( J a n im a k  an d  S te v e n s , 2 0 0 0 ) .

( c )  th e  a b ility  to  co n tro l v in y l  u n sa tu ra tio n  in  p o ly m e r  (J a n im a k  and  
S te v e n s , 2 0 0 0 ) .

(d )  th e  a b ility  to  p o ly m e r iz e  a - o le f m s  w ith  v e r y  h ig h  s te r e o r eg u la r ity  
a ffo r d in g  iso ta c t ic  an d  sy n d io ta c t ic  p o ly m e r s  (J a n im a k  an d  S te v e n s ,  
2000).

M e ta llo c e n e  c a ta ly s ts  ca n  a ls o  p r o d u c e  ta ilo r -m a d e  p r o p e r tie s  b y
v a r y in g

(a )  lig a n d  ty p e ,
(b )  b r id g e  j o in in g  lig a n d s ,
(c )  su b stitu e n t o n  lig a n d s  an d  b r id g e  to  a lter  th e  s ter ic  an d  e le c to n ic  

su rro u n d in g s  o f  th e  a c t iv e  cen ter ,
(d )  tra n s it io n  m eta l ty p e  (K o lo d k a  e t A L ,  2 0 0 0 ).

2.2 The Role of Aluminoxane Cocatalyst

T y p ic a l ly ,  m e ta llo c e n e  c a ta ly s ts  are g en era ted  b y  a c t iv a t in g  m e ta llo c e n e  
h a lid e s  w ith  m e th y la lu m in o x a n e  (M A O ). T h e  ty p e  o f  a lu m in o x a n e  h a s  
m a rk ed  in f lu e n c e  o n  th e  e f f ic ie n c y  o f  th e  m e ta l lo c e n e /a lu m in o x a n e  c a ta ly t ic  
s y s te m  (S o a r e s  e t  a l . ,  1 9 9 7 ) . T h e  e x a c t  r o le  o f  a lu m in o x a n e  c o m p o n e n t  is  n o t  
k n o w n  p r e c is e ly ,  b u t from  th e  e x p e r im e n ta l e v id e n c e ,  it a p p ea rs  that
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a lu m in o x a n e s  h a v e  a c o m b in a t io n  o f  th e  f o l lo w in g  fu n c t io n s  d e p e n d in g  o n  th e  
n atu re  o f  th e  c a ta ly s t  an d  th e  p o ly m e r iz a t io n  c o n d it io n s  :

1 . to  a lk y la te  m e ta llo c e n e  c a ta ly s ts  to  fo rm  th e  c a t io n ic  s p e c ie s ,
2 . to  s c a v e n g e  th e  im p u r itie s  in  th e  sy s te m ,
3 . to  s ta b iliz e  th e  c a t io n ic  cen ter  in  io n -p a ir  in tera c tio n ,
4 . to  p rev en t b im e ta ll ic  d e a c t iv a t io n  p r o c e ss .

M a n y  z ir c o n o c e n e /a lu m in o x a n e  c a ta ly s t  s y s te m s  d e sc r ib e d  in  th e  
litera tu re  req u ired  A l:Z r  ra tio s  in  th e  ord er o f  1 0 0 0 :1  to  10 0 0 0 :  1 to  a c h ie v e  a 
r e a so n a b le  a c t iv ity . S u c h  h ig h  e x c e s s  ra tio s o f  e x p e n s iv e  M A O  are v e r y  
u n fa v o u r a b le . T h e  ra tio  ca n  b e  red u ced  b y  su p p o r tin g  th e  m e ta l lo c e n e  o n  a 
s o l id  su r fa c e  (C h u  e t  a l ,  2 0 0 0 )  or u s in g  M A O -fr e e  c o c a ta ly s t  s y s te m s  (L iu  e t  

a l ., 1 9 9 7 ) .

2.3 Polymerization Mechanism

2 .3 .1  T h e  F o r m a tio n  o f  A c t iv e  C en ter
In m e ta llo c e n e  c a ta ly s t  s y s te m , it is  g e n e r a lly  a c c e p te d  th a t th e  

c a ta ly s t  p recu rso rs , n eu tra l m e ta llo c e n e  d ic h lo r id e  C p 2Z r C l2 c o m b in e d  w ith  
M A O , c a n  p r o v id e  c a t io n ic  a c t iv e  cen te r  to  p o ly m e r iz e  p o ly o le f in s .  It is  
b e l ie v e d  th at f ir s tly , M A O  w ill  a c t as an  a k y la t in g  a g e n t  to  g e n e r a te  a m e ta l-  
a lk y l lig a n d  (C p 2Z r M e C l) . M A O  w il l  n e x t  ab stract th e  r e m a in in g  h a lid e  to  
p r o d u c e  a p o s it iv e  ch a r g e  o n  th e  m eta l cen ter , as s h o w n  in  F ig u r e  2 .2 .
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Figure 2.2 F o r m a tio n  o f  a c t iv e  c e n te r  o n  m e ta llo c e n e  c a ta ly s t  w ith  e x c e s s  
M A O .

2 .3 .2  T h e  P o ly m e r iz a t io n  M e c h a n ism
U p  to  n o w  th ere  is  s t ill  n o  d e f in ite  p o ly m e r iz a t io n  m e c h a n is m  for  

m e ta llo c e n e  c a ta ly s ts . T h e  m o st  w id e ly  a c c e p te d  m o d e l w a s  p r o p o s e d  b y  
C o s s e e  w h ic h  is  la ter  c a lle d  C o s s e e -A r lm a n  m e c h a n ism  (P e titje a n  e t  a l ,  

1 9 9 9 ) , as sh o w n  in  F ig u re  2 .3 . It is  th e  sa m e  m e c h a n is m  f o l lo w e d  b y  
tra d itio n a l Z ie g le r -N a tta  c a ta ly s ts . T h e  a ctu a l p r o c e s s  in v o lv e s  se v e r a l s te p s  in  
w h ic h  tem p o ra ry  b o n d s  are fo rm ed  to  p r o d u c e  an  e le c tr ic a l a ttra c tio n  b e tw e e n  
th e  p o ly m e r  c h a in  an d  th e  m o n o m e r .

1 - vacant site a

Figure 2 .3  C o s s e e  -A r lm a n  m e c h a n ism .

In th is  m e c h a n ism , th e  d o u b le  b o n d  o f  o le f in  w i l l  f ir st fo rm  a 
c o m p le x  w ith  th e  p o s it iv e  ch a r g e  at th e  m eta l cen ter . T h is  c h a r g e  is  b e l ie v e d  
to  a l lo w  th e  m eta l to  a tta ck  th e  d o u b le  b o n d  o f  o le f in  m o n o m e r . A fte r  that 
th e y  w i l l  rea rra n g e  th e m s e lv e s .  O n c e  th is  s tep  is  c o m p le te ,  th e  p o ly m e r  ch a in
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is  lo n g e r  b y  th e  le n g th  o f  o n e  m o n o m e r  u n it and th e  p r o c e d u r e  is  rep ea ted  
m a n y  t im e s  to  fo rm  p o ly m e r  o f  v a r y in g  len g th .

A n o th e r  m e c h a n ism  w a s  p r o p o se d  b y  B ro o k h a rt an d  G reen  
(P e titje a n  e t  a l . ,  1 9 9 8 ) . T h e  m a in  d if fe r e n c e s  o f  th is  m o d e l fro m  C o s s e e -  
A r lm a n  m e c h a n is m  are th e  b in d in g  o f  m o n o m e r  an d  th e  tra n s it io n  sta te  d u r in g  

in se r t io n  w h ic h  are b a se d  o n  a - a g o s t ic  a s so c ia t io n  (F ig u r e  2 .4 ) .

1 - vacan t s ite  a 2 -a -a g o s tic  3 - transition state 4 -y -a g o s t ic  5 - vacan t s ite  b
complex complex

Figure 2.4 B ro o k h a r t-G r e e n  m e c h a n ism .

2 .3 .3  C h a in  T ra n sfer  M e c h a n ism
P o s s ib le  c h a in  tra n sfer  r e a c tio n s  o f  e t h y le n e /a - o le f in  

p o ly m e r iz a t io n  w ith  u su a l c a ta ly s ts  (A k im o to  an d  Y a n o , 1 9 9 9 )  are s h o w n  in  
F ig u r e  2 .5 .

V in y l  and v in y lid e n e  en d  g ro u p s are fo r m e d  b y  P -H  tra n sfer  fro m  

p r o p a g a tin g  c h a in  c o n ta in in g  e th y le n e  an d  p r im a ry  in se r te d  a - o l e f in  as 
term in a l u n its  r e s p e c t iv e ly .  T ran s v in y le n e  en d  g ro u p s  are fo r m e d  b y  tw o  

m e c h a n is m s , o n e  o f  w h ic h  is  P -H  tra n sfer  from  p r o p a g a t in g  c h a in s  c o n ta in in g  

s e c o n d a r y  in se r te d  a - o le f in  as term in a l u n its , th e  o th er  o n e  is  th e  P -H  tra n sfer  

fro m  s p e c ie s  th at are fo r m e d  b y  rea rra n g em en t a fter  p r im a ry  in se r t io n  o f  a -  
o le f in .
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Figure 2 .5  P o s s ib le  c h a in  tra n sfer  r e a c tio n s  in  e t h y le n e /a - o le f in  
c o p o ly m e r iz a t io n .
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2 .3 .4  D e a c t iv a t io n
T h e  a c t iv a t io n  o f  C p 2Z rC l2 b y  M A O  in v o lv e s  a  v e r y  fa s t  r ea c tio n  

y ie ld in g  th e  c a ta ly t ic a lly  a c t iv e  s ite s . T h e  c a ta ly s t  a c t iv ity  d e c a y s  d e p e n d in g  
o n  tem p era tu re  an d  c a ta ly s t  c h a r a c te r is tic s . F o r  th e  w e l l  in v e s t ig a te d  sy s te m ,  
(C 5Fl5) 2Z rC l2/M A O , th ere  is  a v e r y  rap id  in itia l a c t iv ity  d e c a y  a b o v e  40°c 
d u r in g  th e  first f e w  m in u te s  f o l lo w e d  b y  a s e c o n d  d e a c t iv a t io n . A t  0°c, th e  
a c t iv ity  s lo w ly  d e c r e a se s  o v e r  s e v e r a l h ou rs. It is  s u g g e s te d  that th e  
c a ta ly t ic a lly  a c t iv e  c o m p le x e s  ๙  are d e a c t iv a te d  in  a tw o -s te p  d e a c t iv a t io n  
p r o c e s s  b y  a r e v e r s ib le  f o l lo w e d  b y  an irrev ers ib le  p r o c e s s  to  fo rm  in a c t iv e  
s p e c ie s  f i an d  I2 (F ig u r e  2 .6 ) .

2 ๙  I, - %  I2

Figure 2.6 D e a c t iv a t io n  p r o c e s s .

2.4 Metallocene Catalyst with Free-Aluminoxane Systems

2 .4 .1  E f fe c t  o f  R e p la c in g  M A O  w ith  O th er  C o c a ta lv s ts
M A O  a c t iv a te s  th e  m e ta llo c e n e  c a ta ly s t  w h ic h  is  th e n  a b le  to  

p r o m o te  p o ly m e r iz a t io n  o f  a - o le f in s .  O th er  o r g a n o m e ta ll ic  c o m p o u n d s  o f  
a lu m in u m , su c h  as tr im e th y la lu m in u m  (T E A ) an d  d im e th y la lu m in u m  a lk y ls  
h a lid e  are k n o w n  n o t  to  p r o m o te  p o ly m e r iz a t io n  th e m s e lv e s  b u t a c o m b in a t io n  
o f  T M A  an d  d im e th y la lu m in u m  f lu o r id e  h as b e e n  s h o w n  to  b e  e f f e c t iv e  as a 
c o c a ta ly s t  in  p la c e  o f  M A O . S u c h  a c o m b in a t io n  is  rep o rted  b y  Z a m b e lli  e t  a l .  

(1 9 8 9 ) .
It h a s a lso  b e e n  rep o rted  b y  H e d d in  e t  a l .  ( 1 9 8 8 )  that m e ta llo c e n e  

c a ta ly s t  w ith  m a g n e s iu m  c h lo r id e  fo rm s a c a ta ly s t  sy s te m  w ith  b is



(c y c lo p e n ta d ie n y l) th o r iu m  d im e th y l w h ic h  is  e f f e c t iv e  in e th y le n e  
p o ly m e r iz a t io n .

H a m ie le c  e t  a l  ( 1 9 9 7 )  fo u n d  that b y  in c r e a s in g  th e  M A O  
c o n c e n tr a tio n , w h ic h  a lso  in c r e a se s  th e  A l/Z r  ratio , th e  p o ly m e r iz a t io n  a c t iv ity  
in c r e a se d  up  to  th e  m a x im u m  at an A l/Z r  ratio  o f  2 4 0 0 ,  at w h ic h  further  
in c r e a se  o f  A l/Z r  ra tio  d e c r e a se d  th e  c a ta ly t ic  a c t iv ity . W h e r e a s  th e  u se  o f  
T M A , a lo n g  w ith  M A O , g a v e  lo w e r  a c t iv ity  than  th e  u se  o f  M A O  a lo n e  for a 
g iv e n  ratio . R e d d y  e t  a l .  ( 1 9 9 5 )  a lso  g a v e  th e  sa m e  r e su lts  b ut o n ly  at A l/Z r  o f  
1 0 0 . R e c e n t ly  th e y  a ls o  d em o n stra ted  that, w ith  th e  a d d it io n  o f  T M A  to  a  
C p 2Z rC l2/M A O  c a ta ly s t  s y s te m , th e  k in e t ic  p r o f ile  c h a n g e d  fro m  a d e c a y  ty p e  
to  a b u ilt-u p  ty p e  c u r v e  for  e th y le n e  p o ly m e r iz a t io n . T h is  c o u ld  b e  d u e  to  
T M A  w h ic h  p la y e d  th e  im p o rta n t r o le  o f  s ta b il iz in g  th e  a c t iv e  c e n te r  and  
e x te n d in g  th e  c a ta ly s t  l i f e  t im e . It w a s  a lso  fo u n d  th at th e  r e p la c e m e n t  o f  9 0 %  
M A O  w ith  T M A  c a u se d  o n ly  a sm a ll lo s s  o f  a c t iv ity  (C h ie n  e t  a l . ,  1 9 9 8 ) . 
P o ly m e r iz a t io n  u s in g  0 .1  M A O  +  0 .9  T M A  c o c a ta ly s t  r e su lts  in  s a v in g s  in  
T M A  sta r tin g  m a ter ia l an d  in t im e  fo r  M A O  sy n th e s is .

2 .4 .2  O r g a n o -L e w is  A c id , T r is (p e n ta fIu o r o p h e n v l)b o r a n e , B IC aF sT  
an d  O th er  M A O -F r e e  S y s te m s

Jordan  e t  a l .  ( 1 9 8 6 )  first o p e n e d  th e  p o s s ib i l i ty  to  s y n th e s iz e  an d  
iso la te  c a t io n ic  m e ta llo c e n e  c o m p le x e s  o f  grou p  4 b  [C p 2Z r C H 3(T H F )]+[B P h 4]' 
an d  s h o w e d  th e  p o ly m e r iz a t io n  b e h a v io r  in  a p o la r  s o lv e n t  w ith o u t  an y  
c o c a ta ly s t s .  A fte r  th at, m a n y  re sea rch ers  h a v e  b e e n  fo c u s e d  o n  th e  
d e v e lo p m e n t  o f  c a t io n ic  m e ta llo c e n e  c o m p le x e s  an d  c o c a ta ly s t  fo r  o le f in  
p o ly m e r iz a t io n .

M a rk s e t  a l .  ( 1 9 9 1 )  s tu d ie d  th e  stru ctu re , s o lu t io n  d y n a m ic s  and  
c a ta ly t ic  a c t iv ity  for  o le f in  p o ly m e r  o b ta in ed  fro m  tr is (p e n ta f lu o r o p h e n y l)  
b o ra n e , B ( C 6F 5) 3 an d  b is ( c y c lo p e n ta d ie n y l)z ir c o n o c e n e  d im e th y l,C p 2Zr  
(C H 3)2.
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T h e  L e w is  a c id  u se fu l for  a - o le f in  p o ly m e r iz a t io n  is  an y  
m a ter ia l, w h ic h  c a n  a c c e p t  an  e le c tro n  p air  an d  is  o f  s u f f ic ie n t  a c id ity  to  io n iz e  
a n eu tra l m e ta llo c e n e  c a ta ly s t  to  fo rm  a c a t io n ic  s p e c ie s .  In a d d it io n , th e  
lig a n d  o f  th e  L e w is  a c id  m u st n o t b e  r e a c t iv e  w ith  th e  m e ta l lo c e n e  c a tio n s .  
O n e  su c h  L e w is  a c id  is  tr is (p e n ta flu o r o p h e n y l)b o r a n e , B ( C 6F 5) 3.

T h e  r o le  o f  th e  L e w is  a c id  in  m e ta llo c e n e  c a ta ly s t  s y s te m  is to  
p r o m o te  th e  fo r m a tio n  o f  u n sa tu ra ted  c a t io n ic  a c t iv e  c e n te r  b u t th e  e x a c t  
stru ctu ra l n a tu re  o f  c a ta ly s t -c o c a ta ly s t  in se r t io n  h a s  r e m a in e d  e lu s iv e  (Y a n g  e t  

a l ,  1 9 9 0 ) . T r is (p e n ta f lu o r o p h e n y l)b o r a n e , B (C 6F 5) 3, h a s  b e e n  u se d  as an  
a lte r n a tiv e  c o c a ta ly s t  fo r  m e ta llo c e n e  in  p la c e  o f  M A O  fo r  th ree  r e a so n s  as  
f o l lo w  (Y a n g  e t  a l . ,  1 9 9 4 )  :

1. It is  a r e la t iv e ly  s tr o n g  m o le c u la r  L e w is  a c id  an d  h a s  b e e n  
s h o w n  to  fo rm  a v a r ie ty  o f  c h a r a c te r iza b le  L e w is  b a se  a d d u c ts .

2 . It h a s g o o d  so lu b il ity  in  n o n -p o la r , n o n c o o r d in a tin g  so lv e n t .
3 . T h e  b o r o n  ce n te r  is  su rro u n d ed  b y  h ig h ly  e le c tr o n e g a t iv e ,  

c h e m ic a l ly  ro b u st fu n c tio n a l g rou p  h a v in g  o n ly  n o n p o la r , m in im a lly  
c o o r d in a t in g  flu o r o  su b stitu en ts .

B (C 6F 5) 3 is  p rep a red  b y  trea tin g  p e n ta f lu o r o p h y n y llith iu m  w ith  

B C 13 at -78°c. L iu  e t  a l .  ( 1 9 9 7 )  a lso  su g g e s te d  th at a n o th er  s ig n if ic a n t  
a d v a n ta g e  o f  B ( C 6F 5) 3 is  that o n ly  a s to ic h io m e tr ic  a m o u n t o f  th e  c o c a ta ly s t  
is  req u ired  to  a c h ie v e  th e  m a x im u m  c a ta ly t ic  a c t iv ity  o f  th e  s y s te m . Its  
c h e m ic a l stru ctu re  is  k n o w n  in  F ig u r e  2 .7 .  A  c o m b in a t io n  o f  a lu m in u m  a lk y l 
an d  a L e w is  a c id  w a s  fo u n d  to  b e  n e c e s sa r y  fo r  r e p r o d u c ib le , c o n tr o lla b le ,  
h ig h  e f f ic ie n c y  p o ly m e r iz a t io n .
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Figure 2 .7  T h e  stru ctu re  o f  B (C 6F 5)3.

T h e  a lu m in u m  a lk y l h as g en era l fo r m u la  a s A 1R 3 w h e r e  R  is 
h a lo g e n , h y d r id e , a lk y l, a lk o x y  or ary l. E a ch  R  ca n  b e  th e  sa m e  or  d iffe r e n t  
an d  at le a s t  o n e  R  is  an a lk y l. P re fera b ly , th e  a lu m in u m  a lk y l is  tr im e th y l  
a lu m in u m  (T M A ), tr ie th y l a lu m in u m  (T E A ) an d  tr iiso b u ty l a lu m in u m  (T I B A ).  
T h e  r o le  o f  a lu m in u m  a lk y l is  to  s c a v e n g e  th e  im p u r it ie s  su c h  a s  a ir  and  
m o is tu r e  le f t  in  th e  s y s te m  a s s h o w n  in  th e  fo l lo w in g  e q u a tio n s:

L im ite d  w a ter
2 A IR 3 +  H 20  ------->  (R 2A 1)20  +  2 R H (g )
2 R xA 1C1(3.X) +  H 2 0  ------ >  [R(x+1)A1C1(3_X)]20  +  2 R H (g )

E x c e s s  w a te r
>
>

A 1R 3 +  3 H 20  
R xA 1C1(3.x) +  3 H 2 0

A l(O H ) 3 +  3 R H (g )  
( 3 - x )H C 1 + A 1 (O H ) 3 +  x R H (g )
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L im ite d  air
A IR 3 +  V2O 2 ------ >
RxA1C1(3.x ) + ' / 2 0 2 ----->

E x c e s s  air
AIR3+O2 — >
RxA1C1(3.x)+ 0 2 -----

R 2A 1 0 R
R (x. 1)A 1 (0 R )C 1 (3.x)

A1203+C02+H20 

C lyA 1 0 x+ C 0 2 + H 20  +  (3 -x -y )H C l

2 .4 .3  T h e  R e a c t io n  o f  B f C ^FsT w ith  Z ir c o n o c e n e
T h e  c o m p le x a t io n  o f  B (C 6F 5) 3 w ith  C p 2Z rC l2 p r o c e e d s  ra p id ly  

an d  q u a n tita t iv e ly  a s s h o w n , in  F ig u re  2 .8  (Y a n g  e t  a l ,  1 9 9 0 ) . In 
z ic o n o c e n e d ic h lo r id e ,  it n e e d s  to  b e  a lk y la te d  first b y  an a lu m in u m  a lk y l  
c o m p o u n d , fo l lo w e d  b y  ex tr a c tin g  o f  a n io n ic  lig a n d  to  p r o d u c e  c a t io n ic  a c t iv e  
cen ter .

H a x a n e  or P en ta n e
L 2Z r (C H 3) 2 +  B (C 6F 5) 3 ------------------------------ ►  L 2Z rC H 3+C H 3 B ( C 6F 5) 3-

1 : L = ๆ 5-C5H5
2: L = ๆ5- l-2-(CH3)2C5H3
3: L = ๆ 5-(CH3)5C5

F ig u r e  2 .8  T h e  rea c tio n  o f  B (C 6F 5) 3 w ith  C p 2Z rC l2.

T h e  co o r d in a te d  c o m p le x  stru ctu re  b e tw e e n  C p 2Z rC l2 and  B  
(C 6F 5) 3 is  fo r m e d  v ia  th e  m e th y l b r id g e  (F ig u r e  2 .9 ) .  T h e  m e th y l lig a n d  is  o n ly  
p artly  a b stra c ted  fro m  z ir c o n o c e n e  le a d in g  to  a c o o r d in a te d  c o m p le x  w ith  a 
c a t io n - l ik e  c a ta ly t ic  s p e c ie s .
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Figure 2.9 T h e  c h e m ic a l stru ctu re  o f  th e  c o m p le x  b e tw e e n  C P 2Z Æ I 2 and  
B ( C 6F 5) 3.

E th y le n e  p o ly m e r iz a t io n  b y  u s in g  tw o  ty p e s  o f  z ir c o n o c e n e  
c o m b in e d  w ith  B ( C 6F 5) 3 an d  v a r io u s  ty p e s  o f  a lu m in u m  c o m p o u n d s  h a s  b een  
c o n d u c te d  b y  L iu  e t  a l .  (1 9 9 7 ) .  In su m m a ry , n o t o n ly  th e  ty p e  o f  z ir c o n o c e n e  
b ut th e  a lu m in u m  c o m p o u n d s  u se d  as a lk y la t in g  a g e n ts  a f fe c te d  th e  a c t iv ity .  
E t(H 4In d )2Z r C l2 c a ta ly s t  s y s te m  w a s  fo u n d  to  s h o w  h ig h e r  a c t iv ity  th an  that o f  
C p 2Z rC l2 an d  th e  c a ta ly t ic  a c t iv ity  d e c r e a se d  in th e  f o l lo w in g  ord er T M A  >  
T I B A  >  T E A  >  E t2A lC l. W h ile  fo r  C p 2Z rC l2, it v a r ie d  as f o l lo w s  on: T I B A  >  
T M A  > T E A .

A c t iv ity ,  e f f e c t  o f  c o c a ta ly s t  an d  r a te -tim e  p r o f i le s  o f  e th y le n e  
p o ly m e r iz a t io n  w ith  z ir c o n o c e n e  c a ta ly s t  b y  u s in g  tr ia lk y l a lu m in u m  (T M A ,  
T E A , T I B A )  an d  b o ra n e  c o m p o u n d  (P h 3C B (C 6F 5)4, B (C 6F 5)3) w e r e  
in v e s t ig a te d  b y  N a g a  e t  a l .  (1 9 9 9 ) .  T h e  r e su lts  s h o w e d  that n o t o n ly  th e  ty p e  
o f  tr ia lk y l a lu m in u m  b ut th e  b o ra n e  c o m p o u n d  u se d  as th e  c a t io n -fo r m in g  
r e a g e n t a f fe c te d  th e  in d u c tio n  t im e  an d  a c t iv ity  o f  e th y le n e  p o ly m e r iz a t io n .  
V e r y  lo w  a c t iv ity  or  n o  a c t iv ity  w a s  o b se r v e d  w ith  T M A  in d e p e n d e n t  o f  
b o ra n e  c o m p o u n d  u se d . In th e  c a s e  o f  P h 3C B (C 6F 5)4, h ig h  a c t iv ity  w a s  
o b se r v e d  w ith  b o th  T E A  an d  T IB A . O n  th e  o th er  h a n d , w h e n  B (C 6F 5) 3 w a s  
u se d , h ig h  a c t iv ity  w a s  o b se r v e d  o n ly  w ith  T IB A .
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