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Summary 

Poly(indene-~-isobutylene) was prepared by cationic graft 

copolymerization of isobutylene from halogenated polyindene. 

Product analyses suggest a grafting from mechanism. 

I n t r o d u c t i o n  

The use o f  i ndene  as comonomer in g r a f t  c o p o l y m e r i z a t i o n s  

was d e s c r i b e d  by numerous a u t h o r s .  However ,  in most o f  the  p a -  

p e r s  c o n c e r n i n g  c a t i o n i c  t e c h n i q u e s  f o r  g r a f t  c o p o l y m e r  s y n -  

t h e s i s  p o l y i n d e n e  was the  p e n d a n t  p o l y m e r  c h a i n .  SIGWALT e t  a l .  

(1976 a - c )  and BAUDIN e t  a l .  (1980)  used c h l o r o b u t y l  r u b b e r ,  

c h l o r i n a t e d  e t h y l e n e  p r o p y l e n e  c o p o l y m e r s  and 1 , 4 - c i s  p o l y b u t a -  

d i e n e  as w e l l  as EPDM as backbones  in  g r a f t  c o p o l y m e r i z a t i o n s  

w i t h  i n d e n e .  PARY et  a l .  (1978)  r e p o r t e d  on the  s y n t h e s i s  o f  

p o l y ( i s o b u t y l e n e - c o - p - c h l o r o m e t h y l s t y r e n e - ~ - i n d e n e )  by c a t i o n i c  

t e c h n i q u e s .  The use of  p o l y i n d e n e  as backbone  has been d e s c r i -  

bed so f a r  o n l y  f o r  r a d i c a l  p r o c e s s e s .  RUAULT and MARECHAL 

(1970)  used  d i a z o t i z e d  p o l y i n d e n e  in  c o n j u n c t i o n  w i t h  FeSO 4 as 

r a d i c a l  i n i t i a t o r  f o r  g r a f t i n g  f r om  c o p o l y m e r i z a t i o n s  of  v i n y l  

a c e t a t e ,  s t y r e n e ,  m e t h y l  m e t h a c r y l a t e  and a c r y l o  n i t r i l e .  

The a im  of  t h i s  p a p e r  is  to  d e s c r i b e  a c a t i o n i c  r o u t e  f o r  

the  s y n t h e s i s  o f  g r a f t  c o p o l y m e r s  w i t h  p o l y i n d e n e  b a c k b o n e s .  

F u r t h e r m o r e ,  i t  w i l l  be shown t h a t  a g r a f t i n g  f rom mechan ism 

is  l i k e l y .  
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E x p e r i m e n t a l  

M a t e r i a l s :  Commerc ia l  indene (99 %) was p u r i f i e d  by the  

usua l  methods and d i s t i l l e d  t w i c e  under  d r y  a rgon a tmosphe re  

f rom CaH 2 and i m m e d i a t e l y  used f o r  p o l y m e r i z a t i o n s .  I s o b u t y l e -  

ne was d r i e d  o v e r  Na/K a l l o y  and condensed in baked ou t  s t o -  

rage v e s s e l s .  CH2CI2, CCI 4 and c h l o r o b e n z e n e  were p u r i f i e d  by 

c o n v e n t i o n a l  methods and d i s t i l l e d  t w i c e  each f rom P205 and 

CaH 2 under  d r y  a r g o n .  T iC I  4 was d i s t i l l e d  under  d r y  a rgon f r om 

copper  powder  and P205 s u b s e q u e n t l y .  A I E t 2 C I  was used as a 10 

% s o l u t i o n  in pu re  h e p t a n e .  N - B r o m o - s u c c i n i m i d e  (NBS) p r e p a r a -  

t i o n  f o l l o w e d  a r e c i p e  by HORNER and WlNKELMANN ( 1 9 5 9 ) .  N - C h l o -  

r o s u c c i n i m i d e  (NCS) was p r e p a r e d  a c c o r d l n  9 to  TSCHERNIAK 

( 1 9 0 1 ) .  

P , o l y m e r i z a t i o n s :  A l l  p o l y m e r i z a t i o n s  and g r a f t  c o p o l y m e -  

r i z a t i o n s  were c a r r i e d  out  in s p e c i a l l y  d e s i g n e d  baked ou t  

g l a s s  r e a c t o r s  under  d r y  a rgon a t m o s p h e r e .  The p r e p a r a t i o n  of  

p o l y i n d e n e s  was d e s c r i b e d  e a r l i e r  (HOTZEL e t  a l .  1982) .  For  

9 , r a f t  c o p o l y m e r i z a t i o n s  the r e a c t o r  was cha rged  w i t h  s o l v e n t ,  

m a c r o i n i t i a t o r  ( c h l o r i n a t e d  or  b r o m i n a t e d  p o l y i n d e n e )  and 

comonomer ( i s o b u t y l e n e ) .  The m i x t u r e s  were s t i r r e d  a t  195 K 

u s i n g  a Dry I c e / m e t h a n o l  b a t h .  The p o l y m e r i z a t i o n s  were then 

s t a r t e d  by d i r e c t  i n t r o d u c t i o n  of  the  c o i n i t i a t o r  s o l u t i o n .  

A f t e r  one hour  the  r e a c t i o n s  were t e r m i n a t e d  by the  a d d i t i o n  

o f  a few ml o f  m e t h a n o l .  The r e s u l t i n g  m a t e r i a l s  were p r e c i -  

p i t a t e d  i n t o  methano l  and r e p r e c i p i t a t e d  t w i c e  f rom b e n z e n e /  

me thano l  ( 1 : 5 ) .  F r a c t l o n a t i o n  of  g r a f t  c o p o l y m e r s  was c a r r i e d  

ou t  by p r e c i p i t a t i o n  of  benzene s o l u t i o n s  of  the m a t e r i a l s  

i n t o  hep tane  and e t h y l  me thy l  k e t o n e  (MEK). The p r o d u c t s  were 

c h a r a c t e r i z e d  by GPC, VPO, 1H-NMR and I R - s p e c t r o s c o p y .  

M a c r o i n i t i a t o r s :  B r o m i n a t e d  p o l y i n d e n e s  ( P I n B r  n) were 

p r e p a r e d  by the  c o n v e r s i o n  of  p o l y i n d e n e  ( P i n )  w i t h  NBS in 

CCI 4 a t  75 ~  C h l o r i n a t e d  p o l y i n d e n e s  (P InCI  n) were p r e p a r e d  

by the r e a c t i o n  o f  P ln  w i t h  NCS in c h l o r o b e n z e n e  a t  132 ~ 
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Both radical initiators such as dibenzoyl peroxide (DBPO) and 

UV-light were additionally applied. After 4-5 hours the reac- 

tion mixtures were cooled to room temperature, filtered and 

precipitated into methanol. The materials were dissolved in 

benzene and washed with aqueous NaHSO 3 and subsequently seve- 

ral times with bidistilled water. Then the solutions were 

dried over Na2SO4, precipitated into methanol and repricipi- 

t a r e d  f r om b e n z e n e / m e t h a n o l  ( 1 : 5 ) .  The r e s u l t i n g  m a t e r i a l s  

were d r i e d  in vacuo  a t  room t e m p e r a t u r e  f o r  a t  l e a s t  t h r e e  

d a y s .  

R e s u l t s  and D i s c u s s i o n  

TABLE I shows the  r e s u l t s  o f  the  m a c r o i n i t i a t o r  p r e p a -  

r a t i o n s .  Wi th  i n c r e a s i n g  c o n c e n t r a t i o n  o f  NBS and NCS r e s p e c -  

t i v e l y  the  h a l i d e  c o n t e n t  in the  p o l y m e r  does i n c r e a s e  t o o .  

However ,  t he  h a l i d e  c o n t e n t  o f  P lnX n is a l w a y s  b e l o w  the  v a -  

lue e x p e c t e d  f o r  a 100 % c o n v e r s i o n  o f  the  h a l o g e n a t i n 9  r e a -  

g e n t s .  F u r t h e r m o r e ,  the  c o m p a r a t i v e l y  m i l d  r e a c t i o n  c o n d i t i o n s  

d u r i n g  the  b r o m i n a t i o n  w i t h  NBS do o n l y  lead  to  n e g l t 9  i b l e  

c h a i n  d e g r a d a t i o n  whereas the h i g h e r  e x t e n t  o f  c h a i n  d e g r a d a -  

t i o n  d u r i n g  c h l o r i n a t i o n  by NCS is p r o b a b l y  due to  the  e l e v a t -  

ed t e m p e r a t u r e .  The use o f  DBPO does no t  improve  the r e s u l t s  

o f  c h l o r i n a t i o n .  R e a c t i o n  unde r  U V - i r r a d i a t i o n  leads  to  a 

s l i 9 h t  i n c r e a s e  in c h l o r i n e  c o n t e n t ,  h o w e v e r ,  s e v e r e  c h a i n  

d e g r a d a t i o n  t akes  p l a c e .  P r o d u c t s  o f  dark  brown c o l o r  were ob -  

t a i n e d  in t h e s e  c a s e s .  Best  r e s u l t s  y i e l d s  the use o f  NCS or  

NBS a l o n e .  The much h i g h e r  U V - a b s o r b a n c e  o f  the h a l o g e n a t e d  

p r o d u c t s  compared w i t h  the  s t a r t i n g  m a t e r i a l s  a t  254 nm (UV- 

d e t e c t o r  r e s p o n s e  in G P C - i n v e s t i g a t i o n s )  h i n t s  the p r e s e n c e  

o f  d o u b l e  bonds in the  backbone  as i t  c o u l d  be a p p r o x i m a t e l y  

c a l c u l a t e d  f r om the i o d i n e  numbers (compare co lumn 6 in TAB- 

LE I I I ) .  

TABLE I I  shows the  r e s u l t s  o f  9 r a f t i n g  e x p e r i m e n t s  u s i n g  the  

h a l o g e n a t e d  p o l y i n d e n e s  as i n i t i a t o r s  in c o n j u n c t i o n  w i t h  

A I E t 2 C l  as c o i n i t i a t o r  o f  c a t i o n i c  i s o b u t y l e n e  p o l y m e r i z a t i o n .  

A l l  p r o d u c t s  a re  100 % s o l u b l e  in h e p t a n e .  T h i s  i n d i c a t e s  a 

c o m p l e t e  c o n v e r s i o n  o f  the PInX m a c r o i n i t i a t o r s  because  p o -  
n 
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l y i n d e n e  is  i n s o l u b l e  in h e p t a n e .  The p r e s e n c e  o f  a MEK s o l -  

u b l e  and a MEK i n s o l u b l e  f r a c t i o n  in  the  c r u d e  p r o d u c t s ,  h o -  

w e v e r ,  h i n t s  c h e m i c a l  i n h o m o g e n e i t y  o f  the  m a t e r i a l s  as i t  

can a l s o  be c o n c l u d e d  f r om  the  G P C - e l u t i o n  d i a g r a m s  (corqoare 

FIGURE 1 ) .  The MEK s o l u b l e  f r a c t i o n s  a re  w h i t e  powders  of  low 

m o l e c u l a r  w e i g h t  and low i s o b u t y l e n e  c o n t e n t .  The MEK i n s o l u -  

b l e  f r a c t i o n s  a re  y e l l o w i s h  t i l l  b rown e l a s t o m e r i c  m a t e r i a l s  

o f  h i g h e r  m o l e c u l a r  w e i g h t  and h i g h  i s o b u t y l e n e  c o n t e n t  (com- 

pa re  co lumns  4 and 5 in  TABLE I I I ) .  P o l y i s o b u t y l e n e s  e v e n t u -  

a l l y  fo rmed d u r i n g  g r a f t  c o p o l y m e r i z a t i o n s  c o u l d  no t  be s e p a -  

r a t e d  by f r a c t i o n a t i o n .  The c o m p a r i s o n  o f  UV- and I R - d e t e c t o r  

r e s p o n s e s  in  d o u b l e  d e t e c t i o n  GPC a n a l y s e s ,  h o w e v e r ,  s u g g e s t  

t h a t  the  MEK i n s o l u b l e  f r a c t i o n  is  a homogeneous m a t e r i a l .  

The r a t i o  o f  MEK s o l u b l e  and MEK i n s o l u b l e  f r a c t i o n s  

depends on the  r e l a t i v e  amounts  o f  P i n  and IB in  t he  f eeds  o f  

g r a f t  c o p o l y m e r i z a t i o n s  and the  c o n v e r s i o n  o f  lB .  At  s i m i l -  

a r  P I n / I B  r a t i o s  the  P InC I  i n i t i a t o r s  y i e l d  a h i g h e r  IB c o n -  
n 

v e r s i o n  t han  the  P I n B r  i n i t i a t o r s .  T h i s  i s  in  ag reemen t  w i t h  n 
t he  o b s e r v a t i o n s  by KENNEDY e t  a l .  ( 1973)  t h a t  c h l o r i d e s  a re  

more e f f e c t i v e  i n i t i a t o r s  o f  c a t i o n i c  p o l y m e r i z a t i o n s  than  

b r o m i d e s  in c o n j u n c t i o n  w i t h  a l u m i n i u m  a l k y l  c o i n i t i a t o r s .  

TABLE I :  R e s u l t s  o f  B r o m i n a t i o n  and C h l o r i n a t i o n  of  P i n  
w i t h  NBS and NCS r e s p e c t i v e l y  

N r .  r e a c t i o n  c o n d i t i o n s  r e s u l t s  

P I n / g  M (VPO) NCS/g remarks  M (VPO) ~ h a l i d e  n n 

r e a c t i o n s  w i t h  NBS in CCI 4 a t  75 ~ 

(1)  5 . 0  9500 2 .0  8650 4 .8  ( B r )  

(2) 5.0 9500 1.5 - 8800 ~.0 (Br) 

(3 )  5 . 0  9500 0 , 9 5  10500 3.1 ( B r )  

(4)  5 .1  4000 1 .6  3000 3 .7  ( B r )  

r e a c t i o n s  w i t h  NCS in  c h l o r o b e n z e n e  a t  132 ~ 

(5 )  5 . 8  9000 3 . 6  - 7100 6 . 0  ( C I )  

(6 )  5 . 8  9000 3 . 6  0.19 DBFO 7350 3.1 ( C I )  

(7 )  5 . 8  9000 3 . 6  U V - l i g h t  3250 6 .7  ( C I )  

(8) I&.5 5700 8.7 - 4300 7.7 (CI) 
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TABLE I 1 :  R e s u l t s  o f  C a t i o n i c  G r a f t  C o p o l y m e r i z a t i o n s  o f  
I s o b u t y l e n e  f rom H a l o g e n a t e d  P o l y i n d e n e  a t  195 K 
U s i n g  E t 2 A I C I  as C o i n i t i a t o r ,  in  CH2CI2,  1 Hour  
R e a c t i o n  Time 

Nr .  P l n X n / g a  IB /g  CH2CI 2 AIEtm~CI Conv .  % MEK. % MEK 
%IB so l .  i n s o l  . 

B1 2 .9  (1 8 .?  100 0 ,5  5 8 . 6  8 .0  9 2 . 0  
B2 4 .85  (4 10 .0  150 1.5 ?0.1  41 .2  5 8 . 8  
C1 3 . 0  (5 9 . 0  100 0 ,5  68 .3  9.1 9 0 . 9  
C2 2 .5  (8 1.2 100 0~ 82 .9  n . d .  n . d .  
C3 7 . 0  (8 14 .0  200 0 .54  100 .0  12 .?  87 .3  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A I E t 2 C I  as 10 % s o l u t i o n  in h e p t a n e  

a) . . .  compare TABLE I 

TABLE I I 1 :  C h a r a c t e r i z a t i o n  o f  s e l e c t e d  P r o d u c t s  o f  G r a f t i n g  

E x p e r i m e n t s  in TABLE I I  

N r .  m a t e r i a l  % h a l i d e  M (VPO) mole % IB n .  DB a) 
n (NMR) 

B1 P l n B r  3 . 6 ?  3000 o n . d .  
n 

c r u d e  
p r o d u c t  0 . 1 6  8900 n . d .  n . d .  

M E K - s o l .  n . d .  ?400 6 2 . 0  n . d .  

M E K - i n s o l .  n . d .  20000 7 9 . 0  n . d .  

7 . 6 6  4300 0 10 .0  C3 P InC I n 
c r u d e  
p r o d u c t  

MEK-so I . 

M E K - i n s o l  . 

1 n . d .  n . d .  n . d .  

1 .66 3900 5 5 . 0  n .d .  

1 12900 83 .0  12 .0  

a) n .  DB . . .  number o f  d o u b l e  bonds c a l c u l a t e d  f rom i o d i n e  

numbers  
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FIGURE I : 

G P C - E l u t i o n  D iag rams  

of  C 3 in  TABLE I I I  

A . . .  P InC I  ( s t a r t i n 9  
n 

m a t e r i a l )  

B . . .  C rude  P r o d u c t  o f  

G r a f t i n 9  E x p e r i m -  

e n t s  

C . . .  MEK S o l u b l e  F r a c -  

t i o n  

D . . .  MEK I n s o l u b l e  

F r a c t i o n  

FIGURE 2: 

IR-spectra of C 3 in 

TABLE III 

A... Pin 

B... PInCI 
n 

C... P(In-9-1B), MEK 

s o l u b l e  f r a c t i o n  



408 

The mechanism of cationic graft copolymerizations using alu- 
minium aikyl coinitiators has been subject of a contro- 
versy between different schools, KENNEOY has provided strong 

evidence for a grafting from mechanism with the halogenated 

backbone polymer as initiator (compare KENNEDY and MARECHAL 

1982), Other authors claim a grafting onto mechanism with 

carbenium ion termini of growing chains attacking double 

bonds in the backbone. In this case the initiation is suppo- 

sed to occur as a result of direct interaction between alkyi 

aiuminium halides and the comonomer (compare GANDINI and 

CHERADAME 1980 ) .  

The r e s u l t s  r epo r t ed  i n  t h i s  paper s t r o n g l y  suppor t  KENNEDY's 

t h e o r y ,  F i r s t  o f  a l l ,  g rowing  carbenium i o n s  shou ld  not  o n l y  

a t t a c k  doub le  bonds i n  the backbone but a l s o  a l k y l a t e  aroma- 

t i c  r i n g s ,  The I R - s p e c t r a ,  however,  show no ev idence of  t r i -  

substituted aromatic rings in the polymer whereas normal 

1,2-disubstitution of indene structures is present (compare 

FIGURE 2 ) ,  Second, the h a l i d e  c o n t e n t  of  the g r a f t  c o p o l y -  

mera is close to zero (compare column 3 in TABLE lll)e i.e. 

all C-halogen bonds were ionized during the interaction with 

AIEt2CI, Third, the numbers of double bonds in the polymer 

remain constant during graft copolymerization within the 

confidence intervall of the experimental method (compare 

column 5 in TABLE III)~ Whereas double bonds are introduced 

during chlorination of Pin by NCS (probably by HCI elimina- 

tion as a side reaction) there is no significant difference 

between PInCI n and the graft copolymer, 

Though the formation of polyisobutylene could not be exclu- 

ded by fractionation experiments the results presented here 

can be considered as additional arguments in favour of a 

grafting from route (compare KENNEDY and WONDRACZEK IgB2), 
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