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Synthesis of Telechelic Polymers by Cationic Techniques and 
Application of the Products 

Joseph P. Kennedy 

Institute of Polymer Science 
The University of Akron 
Akron, Ohio 44325 

ABSTRACT 

Various linear and three-arm star end-reactive prepolymers 
carrying one, two or three terminal functions have been prepared by 
carbocationic techniques. The higher molecular weight varieties of 
these materials are valuable intermediates for the synthesis of 
block copolymers, whereas the low molecular weight telechelics 
(liquid oligomers) are useful starting materials for extension by 
end-linking. This presentation outlines the synthesis of some new 
polyisobutylene-based linear and three-arm star, symmetric and 
asymmetric end-reactive prepolymers such as, a-phenyl-w-tert 
chloro-PIB, a,w-diaryl-PIB's, and their derivatives carrying the 
-C6H4N02, -CsHbNHz, etc. end groups. Telechelic PIB's with -CsH4NH2 
end groups react with diepoxy compounds (EPON 826) to give rise to 
hydrolytically and thermally stable flexible networks. An efficient 
semicontinuous synthesis procedure is outlined that leads to well- 
defined linear and three-arm star tert.-chloro-telechelic PIB's 
with close to theoretical end group functionalities and molecular 
weight distributions. Three-arm star hydroxyl-telechelic PIB's in 
conjunction with OCN-FC~HI,-CH~-C~HI+-NCO give new model polyurethane 
networks exhibiting outstanding hydrolytic and thermal properties. 

INTRODUCTION 

End-reactive liquid oligomers (or telechelic prepolymers) can 

be end-linked to high molecular weight solid products and could be 

used in highly efficient polymer manufacturing processes, i.e., 

processes utilizing low shear and/or high speed equipment. Re- 
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930 KENNEDY 

search  and development e f f o r t  i n  t h i s  f i e l d  i s  a c t i v e l y  pursued a l l  

over t h e  world, p a r t i c u l a r l y  i n  Japan and t h e  U.S. This  presen-  

t a t i o n  concerns r e c e n t  advances i n  t h e  s y n t h e s i s  of end-reac t ive  

oligomers by c a t i o n i c  techniques ,  t h e  c h a r a c t e r i z a t i o n  of t h e s e  

materials, and some physical-mechanical  p r o p e r t i e s  of networks pre-  

pared by t h e  use  of some new end-reac t ive  prepolymers. 

TERMINOLOGY 

The t e r m  t e l e c h e l i c  (from t h e  Greek te le  = f a r ,  d i s t a n t  and 

chelos  = claw) h a s  been proposed by Uraneck, Hsieh,  and Buck (1) 

some twenty years  ago t o  d e s c r i b e  polymers c a r r y i n g  two f u n c t i o n a l  

end groups. The f i e l d  of t e l e c h e l i c  polymers and ol igomers  has 

r e c e n t l y  been reviewed ( 2 , 3 ) .  

I w i s h  t o  broaden t h e  scope of t h e  term t e l e c h e l i c  t o  i n c l u d e  

not  only t e r m i n a l l y  f u n c t i o n a l  l i n e a r  polymers ( a s  implied by 

Uraneck e t  a l . )  bu t  a l s o  branched polymers ( 4 ) .  F u r t h e r ,  I propose 

t o  d i s t i n g u i s h  between homotelechel ic  (or  simply t e l e c h e l i c ) p o l y m e r s ,  

t h e  te rmina l  f u n c t i o n s  (A) of which are i d e n t i c a l :  

A m v m A  A T A  A+A 

A A 

and h e t e r o t e l e c h e l i c  o r  asymmetric t e l e c h e l i c  polymers, t h e  termi- 

n a l  f u n c t i o n s  ( A , B , C . . . )  of which are d i s s i m i l a r :  

I) 

This  terminology only concerns end groups and does n o t  i n d i c a t e  t h e  

n a t u r e  of t h e  polymer t h a t  c a r r i e s  t h e  end groups.  The polymer may 

be l i n e a r  o r  branched, i t  may be a homopolymer, random copolymer, 

block o r  g r a f t  copolymer, o r  any complex assemblage of segments. 

The symbol 5 
polymer may have F, = 1.0 ( i f  only one terminus i s  f u n c t i o n a l )  o r  

F, = 2 . 0 ;  i f  it i s  branched F, = 2 , 3 , 4 ,  ... 

w i l l  express  t h e  number average end groups. A l i n e a r  
n -  

- - 

The te rmina l  group may b e  any kind of e a c t i v e  f u n c t i o n ,  such 
I 

I 

A 
as -OH, -NHz, -NCO, -CH=CHz, -SH, -CHO, -CH CH2, -COOH, -SiH, e tc . ,  
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SYNTHESIS OF TELECHELIC POLYMERS 931 

s u i t a b l e  f o r  fur ther ,  d e r i v a t i z a t i o n  o r  end-l inking e i t h e r  d i r e c t l y  

o r  by means of l i n k i n g  agent  (X), and t h u s  may g i v e  r ise  t o  l i n e a r  

o r  c r o s s l i n k e d  high molecular  weight s t r u c t u r e s :  

Polymers t h a t  c a r r y  r e l a t i v e l y  u n r e a c t i v e  end groups, e .g . ,  

methyl, cyclohexyl ,  are not  regarded as t e l e c h e l i c  s p e c i e s .  

The a d j e c t i v e  t e l e c h e l i c  i s  used a f t e r  the f u n c t i o n  i t  r e f e r s  

t o ,  e .g . ,  a l c o h o l - t e l e c h e l i c ,  amine- te leche l ic ,  and it d e f i n e s  a 

molecule t h a t  carries a l c o h o l  o r  amine end groups. 

T e l e c h e l i c  can a l s o  b e  used as a noun i n  which c a s e  i t  de- 

s c r i b e s  a polymer t h a t  carries a t  least  two f u n c t i o n a l  end groups 

o r  a t  t h e  most as many f u n c t i o n a l  end groups as it h a s  e x t r e m i t i e s .  

By convent ion,  i n t e r m e d i a t e s  t h a t  arise d u r i n g  s t e p  growth 

polymerizat ions ( i . e . ,  i n t e r m e d i a t e s  t h a t  form dur ing  polycondensa- 

t i o n s  t h a t  l ead  t o  nylons,  p o l y e s t e r s ,  e t c . , ) f a l l  o u t s i d e  t h e  scope 

of t e l e c h e l i c  systems. Typica l  t e l e c h e l i c s  are ,  f o r  example, l i q -  

u id  d i o l s  used f o r  t h e  s y n t h e s i s  of po lyure thanes  o r  c e r t a i n  d i -  

epoxides  used f o r  t h e  epoxy r e s i n  manufacture. 

TELECHELIC POLYISOBUTYLENES 

Increased  i n s i g h t  i n t o  t h e  d e t a i l e d  mechanism of o l e f i n  

polymer iza t ions  i n  g e n e r a l  and i sobuty lene  polymer iza t ion  i n  par-  

t i c u l a r  l e d  t o  t h e  p r o p o s i t i o n  t h a t  t h e  end groups of polyisobuty-  

l e n e  P I B  could be e x a c t l y  c o n t r o l l e d  by t h e  u s e  of s p e c i a l x t i -  

a tor -cha in  t r a n s f e r  agents ,  so c a l l e d  i n i f e r s  ( 5 ) .  Extensive ev i -  

dence h a s  been presented  t h a t  demonstrates  l i n e a r  PIB's  c a r r y i n g  

e x a c t l y  two -CH2C(CH3)2C1 end groups can b e  obta ined  by polymer- 
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932 KENNEDY 

i z i n g  i sobuty lene  i n  t h e  presence of B C 1 3  c o i n i t i a t o r  and ClC(CH3)Z- 

~ C ~ H I , - C ( C H ~ ) ~ C ~  (p-dicumyl c h l o r i d e ,  pDCC) i n i f e r  i n  v a r i o u s  s o l -  

vent  systems a t  moderately low tempera tures  (6 ) :  

CH3 fH3 F H 3  fH3 CH 3 I I 
I I 1 
CH 3 CH 3 CH 3 

t t 

CH 3 
I 
I 1 "  

C ~ - C - C H ~ " . " . " . ( C C H ~ ) - C - ~ - C B H ~ - C ~ ( C H Z C ) ~ ~ C H Z - C - C ~  

CH 3 CH3 EH3 

c h l o r i n e - t e l e c h e l i c  PIB CCl-PIB-Cl-) 

This  and three-arm s ta r  t e l e c h e l i c  PIB's  are  most i n t r i g u i n g  

new materials t h a t  could f i n d  a p p l i c a t i o n s  i n  a l a r g e  number of 

areas. Low molecular  weight  (& = 1000-10,000) PIB's are l i q u i d s  

whereas the h i g h e r  molecular  weight  products  are s o l i d  r u b b e r s  ex- 

h i b i t i n g  a n  e x c e l l e n t  combination of physical-mechanical-chemical 

p r o p e r t i e s  a t  a modest c o s t .  

ASYMMETRIC TELECHELICS AND THEIR DERIVATIVES 

The g r e a t  advantage of asymmetric t e l e c h e l i c s  over  symmetr ical  

s p e c i e s  is  t h a t  t h e  end groups A and B of t h e  formers  can b e  d e r i -  

v a t i z e d  independent o f  each o t h e r :  

Recent ly  a new fami ly  of wel l -def ined  asymmetric t e l e c h e l i c  

materials has  been developed s t a r t i n g  w i t h  a-phenyl-o-t-chloro- - 

poly isobuty lene  ( 7 ) :  

t 
Ph-PIB-Cl- 

This  key i n t e r m e d i a t e  was synthes ized  w i t h  t h e  cumyl ch lor ide /BCls /  

i sobuty lene  m i n i f e r  system (monofunctional = t ia tor - t rans= agent). 

The mechanism of  t h e  polymer iza t ion  i s  o u t l i n e d  i n  Scheme I (8): 
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SYNTHESIS OF TELECHELIC POLYMERS 933 

Ion Generation: 

Cationation: 

Chain Transfer t o  Minifer: 

Propagation: 6 

Termination: 

Ph-PIB-Clr 

Scheme I 
Synthes is  of u-Phenyl-w-=.-Chloropoly- 

isobutylene by the  Minifer Technique 
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934 KENNEDY 

Both end groups, t h e  a-phenyl and t h e  a- t -chloro f u n c t i o n s ,  can b e  

used f o r  a v a r i e t y  of d e r i v a t i z a t i o n s .  For example, t h e  p c h l o r o  

terminus can be subjec ted  t o  q u a n t i t a t i v e  dehydrochlor ina t ion  w i t h  

- t-BuOK i n  r e f l u x i n g  THF, t h e  exo o l e f i n  t h u s  obta ined  can b e  quan- 

t i t a t i v e l y  hydroborated/oxidized t o  the corresponding pr imary a lco-  

h o l ,  which i n  t u r n  can be q u a n t i t a t i v e l y  converted wi th  methacroyl  

c h l o r i d e  i n  the p r e s e n c e  of t r i e t h y l a m i n e  in  THF t o  a new macromer, 

a-phenyl-w-methacryloyloxy-polyisobutylene (8):  

Ph-PIB-MA 

The la t ter  macromer can be homopolymerized and/or  copolymer- 

ized  wi th  convent ional  a c r y l a t e s  by convent ional  f r e e  r a d i c a l  in -  

i t i a t o r s  t o  i n t e r e s t i n g  new g r a f t  copolymers (8). The homopolymer- 

i z a t i o n  of  a r e l a t i v e l y  low molecular  weight  Ph-PIB-Ma macromer 

(Mn = 5200) (AIBN, GO"C,  bulk,  7 2  h r s )  gave a v e r y  h i g h  molecular  

weight product  ( q ' ~ 6 . 8  x 1O5daltons) (8). 

- 
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SYNTHESIS OF TELECHELIC POLYMERS 935 

The copolymerization of Ph-PIB-MA with methyl methacrylate 

has been investigated (AIBN, benzene, 6OoC, 10 hrs). Copolymeriza- 
tion occurred readily and the system exhibited nearly ideal behav- 
ior which in view of the near-identity of the polymerization-active 
groups, is not too surprising (8): 

PIB-Ph 
1 -pMMA- CH 3 CH 3 

I 
COOCH3 LOO-PIB-Ph 

CH2=C I + CH2=C 1 %  I 
PIB-Ph 

1 -pMMA- CH 3 CH 3 

CH2=C I + CH2=C 1 %  I 
PIB-Ph I I COOCH~ COO-PIB-Ph 

The Tg of  various copolymers showed two transitions: at 
% -65OC for the PTB segment and another at 'I.100"C for the PMMA 
component indicating substantial phase separation. The solubility 
characteristics of PMMA-g-PIB copolymers reflect the presence of 
both constituents in the graft (8). Interestingly, all samples in 
the 20-40 wt% PIB range were optically clear. The original source 

should be consulted for further details ( 9 ) .  

An interesting new series of symmetric and/or asymmetric a,w- 
t 

diarylpolyisobutylenes have been prepared starting from Ph-PIB-C1-: 

a,o-diphenylpolyisobutylene Ph-PIB-Ph 
a-phenyl-w-tolylpolyisobutylene Ph-PIB-PhMe 
a,w-ditolylpolyisobutylene MePh-PIB-PhMe 

The syntheses involved quantitative Friedel-Crafts alkylation 
t t 

of benzene and/or toluene by Ph-PIB-C1- or MePh-PIB-Cl- (the latter 
starting material was prepared by the use of p-methylcumyl chloride 
minifer) (10). 

The QCHzC(CH3)zCl end group can be readily dehydrochlorinated to 
%CHzC(CH3)=CHz which also lends itself to quantitative Friedel- 
Crafts arylations. 

The terminal aromatic rings in the above Ar-PIB-Ar derivatives 
(where Ar=Ph or PhMe) provided reactive sites for further conver- 
sions : 
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936 KEN.NEDY 

Nitration of Ar-PIB-A& 

HNO3 -H2 SO4 
Ar -PIB-Ar 02NAr-PIB-ArN02 

ooc 
Reduction of 02NAr-PIB-ArN02 

SnC12-HCl 
02NAr-PIB-ArN02 _____9 H2NAr-PIB-ArNH2 

;-heptane, 
ref lux 

Acryloylation of H2NAr-PIB-ArNH2 with Acryloyl Chloride 

CH2=CHCOCl 

N (CH2CH3 13 I 

H2NAr-PIB-ArNH2 - CH2 =CHCONHFz-PIB-ArNHCOCH=CH2 

THF, O°C 

Acetylation of Ar-PIB-Ar 

CH3COC l-AlC13 
Ar-PIB-Ar b Hg COC Ar - PI B -ArCOCH 3 

CS2, refLux 

Chlorosulfonation of Ar-PIB-AX 

ClS03H 
Ar-PIB-Ar ____C C102SAr-PIB-ArS02Cl 

ooc 

Scheme I1 

The q u a n t i t a t i v e  r e d u c t i o n  of n i t r o a r y l - t e l e c h e l i c  PIB @, = 

12,400) by SnC12/HC1 l e d  t o  aminoaryl  t e l e c h e l i c  PIB which w a s  used 

t o  c u r e  a r e a d i l y  a v a i l a b l e  bisphenol-A-diglycyl e t h e r  (EPON 826) :  

f l e x i b l e  epoxy networks 

These epoxy networks e x h i b i t e d  s a t i s f a c t o r y  mechanical  p r o p e r t i e s  

( t e n s i l e  s t r e n g t h  b2.0  MPa, e l o n g a t i o n  = *700%) and o u t s t a n d i n g  

h y d r o l y t i c  and thermal  s t a b i l i t y  (no loss of p r o p e r t i e s  a f t e r  4 

days i n  85'C steam o r  i n  c i r c u l a t i n g  a i r  oven a t  145"C)(lO). 
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SYNTHESIS OF TELECHELIC POLYMERS 937 

SYMMETRIC TELECHELICS 

A large amount of information has been assembled during the 
last few years concerning symmetric telechelics particularly PIB's 

and poly(8-pinenes)(6) prepared by the inifer technique. 

kinetics of the polymerization yielding chlorine-telechelic PIB's 

have been investigated and some key parameters were determined (11). 
It has been shown that chain transfer to monomer (an unacceptable 

side reaction if perfect number average end functionality Fn = 2.0 
is the aim) can be readily avoided by carrying out the polymeriza- 

tion at temperatures below about -30°C (12). Diagnostic proof that 

chain transfer to monomer is absent (i.e., CI = ktr,l/kp QO), was 

provided by Mayo (1/DP versus l/[M]) plots whose intercepts were 

zero (12). 

The 

In addition to kinetic evidence, a large variety of quanti- 

tative structural investigations including infrared, 'H and I3C i'B@ 

and W spectroscopy combined with double-detector GPC, chlorine end 

group analyses, etc., have been presented that convincingly demon- 

strate the symmetric telechel-ic nature of -Cl-PIB-Cl- (6). 
t t 

The presence of one single chlorine atom per end group has 

also been demonstrated by the synthesis of A-B-A triblock copoly- 

mers of poly(a-methylstyrene-b-isobutylene-b-a-methylstyrene), 
PaMeSt-PIB-PaMeSt (13). The synthesis of these materials goes back 
to the finding that tert.-chlorines in conjunction with alkylalum- 

inum compounds, e.g., Et2AlC1, readily initiate the cationic poly- 

merization of styrene (St), a-methylstyrene (aMeSt), etc. (5). 
Thus the scheme of the process leading to the preparation of PaMeSt- 

PIB-PaMeSt triblock copolymers is as follows (13): 

Step 1 
t t 

isobutylene/BCls/pDCC _j -Cl-PIB-Cl- 

Step 2 
t t 
-Cl-PIB-Cl-/aMeSt/Et2AlCl 4 PaMeSt-PIB-PaMeSt 

The overall coinposition (molecular weight) of these triblocks 

can be mainly controlled by the concentration of the ingredients. 

Triblocks comprising of En = 10-20 x lo3 external glassy sequences 
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938 KENNEDY 

and En = 40-80 x lo3 c e n t r a l  PIB sequences e x h i b i t  t h e r m o p l a s t i c  

e las tomer c h a r a c t e r ,  s i m i l a r  t o  the w e l l  known PSt-polybutadiene- 

PSt t r i b l o c k s .  Other u s e s  of h igh  molecular  weight  rubbery chlo- 

r i n e - t e l e c h e l i c  PIB's would be  as h o t  m e l t  a d h e s i v e s ) c o m p a t i b i l i z -  

i n g  a g e n t s .  

While t h e  h igh  molecular  weight  t e l e c h e l i c  p r o d u c t s  o f f e r  many 

new p o t e n t i a l  a p p l i c a t i o n s ,  t h e  low molecular  weight  ( l i q u i d )  tele- 

c h e l i c s  are j u s t  as promising,  p a r t i c u l a r l y  when low s h e a r  process-  

ing  i s  contemplated. 

A p a r t i c u L a r l y  promising development concerns  t h e  s y n t h e s i s  of  

l i n e a r  and three-arm s t a r  h y d r o x y l - t e l e c h e l i c  PIB's HOCH2-PIB-CH,OH 

and HOCHz-PIB-CH,OH, and the polyure thane  rubbers  o b t a i n a b l e  from 

t h e s e  l i q u i d  prepolymers by r e a c t i o n  w i t h  t r i-  and d i i s o c y a n a t e s ,  

r e s p e c t i v e l y .  

from t h e  corresponding l i n e a r  o r  three-arm s ta r  t e r t . - c h l o r i d e  pre-  

c u r s o r s  by q u a n t i t a t i v e  dehydrochlor ina t ion  fol lowed by hydrobor- 

a t ion-oxida t ion  (6,14) : 

&H,OH 

The s t a r t i n g  a l c o h o l s  (q = 1000-4000) are prepared  

Great  a t t e n t i o n  h a s  been devoted t o  t h e  e f f i c i e n t  s y n t h e s i s  of  

It h a s  been dem- t h e  s . - c h l o r i n e - t e l e c h e l i c  s t a r t i n g  materials. 

o n s t r a t e d  t h a t  c l o s e  t o  t h e o r e t i c a l  Fn and MW/M, v a l u e s  can  b e  ob- 

t a i n e d  a t  moderately l o w  tempera tures  ( p o s s i b l y  i n  r e f l u x i n g  s o l -  

vent  systems) by s imple  semicontinuous o p e r a t i o n s  (12,15). Indeed 

it has been r e c e n t l y  shown that by cont inuous  c o n s t a n t  s u f f i c i e n t l y  

s low a d d i t i o n  of i s o b u t y l e n e l i n i f e r  f e e d s  i n t o  BC13 charges  r e a d i l y  

y i e l d s  p r e d i c t e d  Fn and %I% v a l u e s  f o r  bo th  l i n e a r  and three-arm 

star p r e c u r s o r s  (15). In  c o n t r a s t ,  the convent iona l  po lymer iza t ion  

technique of adding t h e  B C l 3  c o i n i t i a t o r  t o  monomerf inifer  charges  

may y i e l d  broader  than expected o r  multimodal molecular  weight  d i s -  

t r i b u t i o n s ,  and t h e  p r o d u c t s  may c o n t a i n  "unf i r e d "  o r  "once-f i r e d "  

end groups (15,16): 

- -  

- -  
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CH3 CH3 CH3 
d@i-CH2-C-C1 I 

I I 
CH3 CH3 CH3 

unfired end group once-fired end group 

While the presence of these end groups does not change the value of 

Fn, the reactivity of these termini is somewhat different from the 
aliphatic tert.-chloro terminus of PIB: 

- 

CH3 CH3 
I 1 

I 
AH3 CH3 

Q(CH2-C+nCH~-C-C1 

The reason why conventional techniques may produce less well- 
defined products and the semicontinuous process yields virtually 
theoretical telechelics is that in the former process monomer and 
inifer concentrations continuously decrease during a run, whereas 
these parameters remain essentially constant in the semicontinuous 
process (15). 

POLYISOBUTYLENE-BASJCD POLYURETHANE NETWORKS 

The linear or three-arm star hydroxyl-telechelic PIB's are 
useful starting materials in conjunction with tri- or diisocyanates 

for the preparation of model polyurethane networks (17). Beyond 
the scientific significance of these model networks (i.e., networks 
which do not contain dangling ends and whose zc is uniform and 
equal to the En of the rubbery PIB starting material for exploring 

details of the new rubber elasticity theory (18), these new poly- 
urethanes show a useful combination of physical-chemical properties 

(17). 

A series of experiments have been carried out with three-arm 
star hydroxyl-telechelic PIB's of En = 3,100-21,000. Stoichiometric 
amounts of these materials were reacted with 4,4'-diphenylmethane 
diisocyanate (MDI) and the networks so obtained were characterized 
by swelling, modulus, and extraction measurements. According to 
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Table  1 

KENNEDY 

Hot Water and Hot Air Resistance of PIB-based Polyurethanes 

Before After Exposure After 
Degradation To Hot Waterb Air-Oven 
Testing Agingc 

Change Change i n  - a  Mc Ot,b(Pa) 'Jt,b(Pa) Eb(X) in Ot,b(%) Ut,b(Pa) Eb(X)  Of-,b(%) 

2,100 1.85~10' 227 1.76~10' 222 4.86 l.8lxlO' 224 2.16 
3.700 1.81~10' 300 1.73~10' 298 4.42 1.76~10' 290 2.76 
7,700 9.40~10~ 510 9.34~10' 492 0.64 9.11~10~ 494 3.09 

a) Swelling in n-pentane 
b) ASTH-D3137 

C )  ASTM-D537 

t h e  d a t a  obtained t h e  products  can indeed b e  regarded t o  b e  model 

networks (Ec = Mn, n e g l i g i b l e  e x t r a c t a b l e s )  ( 1 7 ) .  
d 

The t e n s i l e  stress, modulus and e l o n g a t i o n  of the products  were 

determined; subsequent ly  t h e  networks were subjec ted  t o  t h e  a c t i o n  

of steam (ASTM D-3137) and c i r c u l a t i n g  h o t  a i r  (ASTM D-537),  and 

then  t h e  above p r o p e r t i e s  w e r e  a g a i n  determined. 

d a t a  shown i n  Table 1 t h e  dynamic mechanical p r o p e r t i e s  o f  the ne t -  

works were e s s e n t i a l l y  unaf fec ted  by t h e  r a t h e r  a g g r e s s i v e  ASTM 

tests used. 

Evident ly ,  t h e  h y d r o l y t i c  and thermal  s t a b i l i t y  of PIB-based poly- 

urethane networks i s  outs tanding .  

According t o  t h e  

REFERENCES 

1. C .  A. Uraneck, H. L .  Hsieh, and 0. G .  Buck, J.  Polym. S c i . ,  46, 
148 (1962). 

2.  R.  D .  Athey, P r o g r e s s  i n  Org. Coat.,  1, 289 (1979). 

3 .  R. D .  Athey, 3. Coat. Technol., 2 ( 6 9 0 ) ,  47 (1982). 

4 .  J. P. Kennedy, J. Appl.  Polym. S c i . ,  Appl. Polym. Symp., i n  
p r e s s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF TELECHELIC POLYMERS 941 

5. 

6 ,  

7. 

8 .  

9. 

10 .  

11. 

12. 

13. 

14.  

15.  

16 .  

17. 

18. 

Carboca t ionic  Polymerizat ion,  J. P. Kennedy and E .  Margchal, 
John-Wiley I n t e r s c i e n c e ,  New York, 1982. 

A series of  p u b l i c a t i o n s  on i n i f e r s :  see part  38, J. P. Kennedy 
and M. Hiza,'Polym. B u l l . ,  lo, 146 (1983): 

J .  P. Kennedy and M. Hiza, Polym. Bul l .  8 ,  

J. P. Kennedy and M. Hiza, J. Polyrn. S c i . ,  
- 2 1 ,  1033 (1983). 

557 (1982). 

Polym. Chem. Ed., 

M. Hiza, Ph.D. d i s s e r t a t i o n ,  The U n i v e r s i t y  of Akron, 1983. 

J. P. Kennedy and M. Hiza, J. Polym. S c i . ,  Polyrn. Chem. Ed., 
i n  p r e s s .  

A. F e h i r v i r i ,  J .  P. Kennedy and F. Tiidds, J,Macromol. K, 
Chem., A15, 215 (1981). -- 
R. Santos  and J. P. Kennedy, i n  prepara t ion .  

J. P. Kennedy and R. A .  Smith, J.  Polym. S c i . ,  Polym. Chem. Ed., 
- 18, 1539 (1980). 

B. Ivan,  J. P. Kennedy and V.S.C. Chang, J. Polym. S c i . ,  Polym. 
Chem. Ed., 3177 (1980). 
___. 

R. Faus t ,  A. Fehkrvdri ,  and J .  P. Kennedy, i n  p r e p a r a t i o n .  

M. Tessier and E .  Mardchal, Polym. Bul l .  10 ,  152 (1983). 

J. P. Kennedy and J. Lackey, P o l p .  Mat. S c i .  Eng., 49, 69 
(1983). 

P. H. Hung, S .  J. Pan, J. E. Mark, V.S.C. Chang, J. E.  Lackey 
and J. P. Kennedy, Polym. B u l l .  i n  p r e s s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


