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Abstrac t  

In synthes iz ing  ch to r ine - t e rmina t ed  t e t e c h e t l c  po ty i sobuty tene  

(PIB) with a p-DCC(p-dichtorocumene)/BCt3/CHzCtz system, i t  is  found that  

c y c t o a t k y t a t i o n  occurs p a r a t t e t  with propagat ion.  The f ac to r s  teading 

to c y c t o a t k y t a t l o n  were i nves t i ga t ed  in d e t a i t ,  to c t a r i f y  i t s  o r ig in ,  

to def ine i t s  e f f e c t s  upon the motecutar parameters of the potymer 

produced and to find ways to suppress i t .  I t  is  found that  

c y c t o a t k y t a t i o n  d r a s t i c a t t y  inf tuences  MW, MWD and f u n c t i o n a t i t y  of the 

potymer produced. High temperature,  high medium p o t a r l t y ,  tow monomer 

concen t ra t ion  and the order of add i t ion  of BCt3 and p-DCC are the main 

f ac to r s  favoring c y c t o a t k y t a t i o n .  

In t roduc t ion  

Papers pubt lshed on the syn thes i s  of ch to r ine - t e rmina ted  t e t e c h e t i c  

potyisobutytene(Ct-TPIB)  with the p-DCC/BCt3/CH2Ct2 system ind ica t e  

that  p a r a t t e t  to propagat ion c y c t o a t k y t a t i o n  atso occurs[I ]  which woutd 

i nva r i ab ty  a f f ec t  the f u n c t i o n a t l t y ,  MW and MWD of the potymer. 

Therefore,  sys temat ic  i n v e s t i g a t i o n s  were ca r r i ed  out to exptore the 

d e t a i t s  of th is  r eac t ion  and to find ways to suppress i t .  

Ex~erimentat 

1. Reagents used and methods of p u r i f i c a t i o n  

CH2Ct2 was t r ea t ed  with 4A Motecutar Sieves for more than one week 

and ref tuxed under high p u r i t y  N2 for 12 hrs. in the presence of CaH2 

before use. n-Hexane was t r ea t ed  with 4A Motecutar Sieves for more than 

a week and s tored  over Na wire under high p u r i t y  N2. Isobutytene was 

passed through CaO, CaCt~ and KOH cotumns and s tored  as so tu t ion  in 
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CH2CL2 or n-hexane.  The p u r i t y  of N2 was 99.999~. The s y n t h e s i s  of 

p-DCC has been descri 'bed[2].  ELementaL a n a l y s i s  of p-DCC, 

ELement Determined T h e o r e t i c a l  

C~ 52.3537 62.3504 

H~ 7.0675 7.9762 

CL~ 30.61 30.6734 

I t s  s t r u c t u r e  has been confirmed by IR and 'H-NMR spe c t ro sc opy  

ass CI(CH3)2CaH4-C(CHa)2CL. A f t e r  r e c r y s t a t t l z a t i o n  in n-hexane and 

d ry ing  under vacuum, i t s  Tm is  67"C. 

BCL3 was p repa red  as r e p o r t e d  in the L i t e r a t u r e  [3]. The produc t  was 

r e d i s t i t t e d  twice.  

2. Appara tus  and Ins t rumen t s  

(1 )  GPC~ Waters-150C with  RI and UV d e t e c t o r s .  

(2 )  IR s p e c t r o n e t e r ~  IR-420 ( Japan)  or IR-SDXC ( U . S . A . ) .  

(3 )  UV spec t rometer~  Specord UV-VIS (German). 

( 4 )  'H-NMR spec t rome te r s  FT-80A(U.S.A.)  or EN-360(U.S.A.)T-60.  

3. Ct end'Hrou p d e t e r m i n a t i o n s  by burn in  8 in O~ 

4. Procedures  

PoLymer iza t ion  was c a r r i e d  out in custom made 0tams r e a c t o r s  equ i -  

pped with  s t i r r e r  and thermometer.  The r e a c t o r  was r e p e a t e d l y  puroed with  

N2, evacuated  and baked. I t  was then f i t t e d  wi th  i s o b u t y t e n e  s o l u t i o n  

and i n i t i a t o r ,  and cooled to the r e q u i r e d  t empera tu re .  The charoe was 

s t i r r e d  and BCt3 s o l u t i o n  was added to i n i t i a t e  the r e a c t i o n .  A f t e r  

p o l y m e r i z a t i o n  the system was evacuated  to remove the un reac t ed  

i s o b u t y t e n e  and BCL3. The polymer was p r e c i p i t a t e d  with  methanoL, 

r e d i s s o t v e d  in n-hexane s e v e r a l  t imes,  and d r i e d  under vacuum at 40"C 

to cons t an t  wei0ht .  

ResuLts and Di scus s ion  

1. The e f f e c t  of r eagen t  a d d i t i o n  order  on moLecuLar pa rame te r s  of 

polymer 

The order  of a d d i t i o n  of i n i t i a t o r ( p - D C C )  and c o i n l t i a t o r  (BCL3) was 

i n v e s t i � a t e d .  The da t a  are 9iven in TabLe I.  I t  i s  s u r p r i s l n  9 tha t  in C 

and E the r e s u l t s  are d r a s t i c a L L y  d i f f e r e n t  from those of o t h e r s .  The 

GPC t r a c e s  r e v e a l  some c lues  ( F i 9 . 1 ) .  The e t u t l o n  time by RI shows a 

s in9uLar  peak at  NW~300 and a s t rong  UV a b s o r p t i o n  band which i n d i c a t e s  
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the a romat ic  un i t  which comes from the i n i f e r .  

TabLe I. The e f f e c t  of the a d d i t i o n  order  on poiymn, of i-C4Hs 

a d d i t i o n  order  o b s e r v a t i o n s  ~ MWD F~ y i e l d  

A p-DCC-BCt3 S o t u t i o n  turns  8940 2.2 1.9 66.9~ 

yeLLow and ra -  

p i d l y  fades  

away upon BCL3 

addn. temp. 

r i s e  15"C 

B p-DCC-drop- As A~ i n t a n -  8610 2.6 2.1 79.3 ~ 
wise B C 1 3  t aneous ty  de -  

c o t o r i n 0  upon 

BCt3 addn. 

C BCLs-p-DCC A f t e r  BCLs addn 2120 12.1 0.53 59.7~ 

temp. r i s e s  I'C 

A f t e r  p-BCC 

addn. temp. r i s e  

12"C 

D p-DCC-BCt3 Same as A 8700 2.5 1.9 62.9~ 

E Premixin  9 Premixed s o t u -  3010 10.5 0.85 62.3~ 

p-DCC and t l on  i s  yeLLow. 

BCt3(a0in 0) CoLor fades  

a f t e r  i t s  addn. 

to the system. 

Temp.r i se  9"C 

[IB]o=l.43M, [p-DCC]~=0.01N, [BCL3]o=0.054H, -40"C, CH2C12, 30mln 

'H-NMR s p e c t r a  of the samples C and E show indanyt  s t r u c t u r e  at  7.0ppm, 

a d j a c e n t  to the a romat ic  resonance  7,25 ppm ( F i g .  l i p .  This i s  appro -  

x i m a t e l y  the same as r e p o r t e d  by Kennedy et  a t . [ 1 ]  who sugges ted  cy-  

c t o a t k y t a t l o n  to e x p l a i n  the o b s e r v a t i o n s .  

The expe r imen t a l  d a t a  here  show tha t  p r o p a g a t i o n  i s  favored  in s y s -  

tem r i c h  in monomer. However, systems with  hlgh c o n c e n t r a t i o n s  of 
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i n i t i a t i n g  c e t e r s ,  LocaLLy and i n s t a n t a n e o u s t y ,  w i t [  promote 

c y c t o a t k g t a t i o n .  

From the above r e s u l t s  and tak ing  in to  c o n s i d e r a t i o n  tha t  the Larger 

the chain  wi th  t e rmina l  c a t i o n s  the tess  i s  the p o s s i b i l i t y  of the 

t e rmina l  c a t i o n s  to a t t a c k  the aromat ic  nucleus  of the i n i t i a t o r .  This 

is  in Line with the measured average MW of the polymer approaching 

300 and the s i n g u l a r  e f f e c t  of the a d d i t i o n  sequence.  The observed 

phenomena may be exp l a ined  as foLLows. When the i n i t i a t o r  is  added Last 

the high Local i n i t i a t o r  c o n c e n t r a t i o n  Leads to c y c t o a t k y t a t i o n  and 

consequen t ly  a f f e c t s  Fn, NW, NWD. 
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2. F a c t o r s  tha t  a f f e c t  c ~ c t o a t k ~ t a t i o n  

C y c t o a t k y t a t i o n  can a l so  be cons ide r e d  from a k i n e t i c  p o i n t  of view. 

Let the r a t e  of p r o p a 9 a t i o n  be Rp=Kp[P*] [N] and the r a t e  of 

c y c t o a t k y t a t i o n  be Rc=Kc[P~. Here the Kp and Kc are r a t e  c o n s t a n t s  o f  

p r o p a 9 a t l o n  and c y c t o a t k y t a t i o n ,  r e s p e c t l v e t y .  

The f a c t o r s  tha t  e f f e c t  Kp and Kc should be the same, such as 

t empera tu re ,  p o l a r l t y  e t c .  The f a c t o r s  tha t  a f f e c t  [P'] and P' a c t i v i t y  

wiLL a f f e c t  c y c t o a t k y t a t i o n .  The e f f e c t  of [M] w i l t  a l so  i n f t uence  

c y c t o a t k y t a t i o n  and t h i s  w i l t  be d i s c u s s e d  Later .  

3. The e f f e c t  of t empera tu re  on c y c t o a t k ~ t a t i o n  

'H-NMR s p e c t r a ( F i p .  IV) show the e f f e c t  of t empera tu re  on the v a r i a t i o n  

of the indanyt  s t r u c t u r e .  

- f  0 -25  - 4 0  -,55 -7O 

Fig .  IV XH-NNR of potymers  ob ta ined  at  d i f f e r e n t  t empera tu re s  

MediumsAsCH2Ct2/CsH14 70/30 v/v ,  BsCH2CL2 

The r e l a t i v e  c o n s t a n t s  of indanyt  s t r u c t u r e s  at  d i f f e r e n t  tempera-  

t u r e s  can thus be e s t i m a t e d .  As Kc foLLows an Arrhen ius  p t o t s t n ( c y c t l c ~ )  

vs.  1 /T(Fio .  V), we have (Ec)app :13 .3  KJ/mot. The t empera tu re  should 

a l so  a f f e c t  the d i e l e c t r i c  cons t an t  or the medium p o t a r l t y , l n  addition. 

4. The e f f e c t  of medium p o t a r i t ~  on c ~ c t o a t k ~ t a t i o n  

As shown above p o l a r i t y  of the medium a t so  a f f e c t s  c y c t o a t k y t a t i o n .  

'H-NNR s p e c t r a  o iven in Fi9 .VI  show d i f f e r e n t  p r o p o r t i o n s  of the 

a romat ic  and indanyt  H due to the compos i t ion  v a r i a t i o n  of s o t v e n t s  used. 

TabLe I I  shows tha t  polymers  which were p repa red  in d i f f e r e n t  media 

e x h i b i t  d i f f e r e n t  c y c t o a t k y t  c o n t e n t s .  The more p o t a r  media favor  
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c y c t o a t k y t a t i o n .  In a 
- 3  

nixed medium e .9 .  

CH2C t 2/n-CsH14= 70/30 (v /v )  

a t - 7 0 " C ,  c y c t o a t k y t a t i o n  

i s  almost  totaLLy suppre-  

ssed whlte in CH2Ct2 - 2  

indanyt  s t r u c t u r e s  remain 

under o therwise  equal 

r e a c t i o n  c o n d i t i o n s .  ~4~ 

These f i n d i n 9 s  are  in '~ 

Line with  those p u b t i -  ,~ 

shed by Kennedy et  a t .  [1] 

O 
3 

Fip. V 

5 
~tTX fO ~ 

p l o t  of t n ( c y c t i c  ~) vs.  1/T 

90/!0 ~ /20  ~30 
Z< 

Fi9.  VI 'H-NMR of polymers  ob ta ined  in media of d i f f e r e n t  p o l a r i t y  

d i f f e r e n t  CH2Ct2/n-hexane c o m p o s i t i o n s ( v / v )  

5. The e f f e c t  of monomer c o n c e n t r a t i o n  on c ~ c t o a t k ~ t a t i o n  

Equat ion  Rp/Rc:[Kp/Kc] iN] shows tha t  by i n c r e a s i n 9  iN] c y c t o a t k y t a -  

Lion i s  suppressed .  This p robab ly  a r i s e s  from the dual  e f f e c t  of monomer~ 

Rc i s  suppressed  k i n e t i c a t t y  as by the equa t ion  Rp/Rc=Kp/Kc[M]. In 

a d d i t i o n ,  i s o b u t y t e n e  may be regarded  as a nonpotar  medium and thus 

suppres ses  c y c t o a t k y t a t i o n .  CoLLateraL evidence can be found throu9h 

the i n f l u e n c e  of [M] on the f u n c t i o n a l i t y  of the polymer.  
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Table I I I .  the e f f e c t  of [M] on f u n c t i o n a l i t y  F-K 

[M] M 

2.1 2.1 

1.9 2.0 

1.5 2.05 

1.1 1.7 

0.7 1.54 

[BC13]=0.1 M., [p-DCC]=8.99XI0" M., CH2CL2, 20 =,in., -40"C. 

I t  is seen in Table I l l ,  when [M]=I.SM, the f u n c t i o n a l i t y  of the 

p o t y l e r s  is c lose to t h e o r e t i c a l ,  i . e .  no or t i t t l e  c y c t o a t k y t a t i o n  

occurs.  When c y c t o a t k y t a t i o n  occurs,  the f u n c t i o n a l i t y  wi t t  decrease 

in p ropor t ion ,  This decrease can be regarded as an i n d i c a t o r .  By 

comparin9 the data,  we are able to es t imate  the i n f luence  of 

c y c t o a t k y t a t i o n  on molecular  pa r aae t e r s .  Table IV shows the r e s u l t s .  

Table. IV The e f f e c t  of c y c t o a t k y t a t i o n  on f u n c t i o n a t l t y  

Temp. uncyc t i zed  F-~ 

C compXd.(~) t h e o r e t l c a t  e x p e r i J e n t a t  C t - t e r m i n a t ( ~ )  

- I0  55.6 2X 0 .556=I . I I  1.09 98 

-25 64.9 2• 0.649=1.30 1.20 92 

-40 79.6 2X 0.796=1.60 1.47 92 

-55 87.2 2X 0.872=1.74 1.68 97 

-70 92.5 2X 0.925=1.85 1.78 96 

CH2CL2, [p-DCC]=2.1 10" M, [BC13]:0.10 M, [IB]---0.958 M. 10rain 

I t  is  seen that  the f u n c t i o n a l i t y  of the uncyc t i zed  polymer approaches 

t h e o r e t i c  value (>90~). 
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It is shown that ff-n and conversion drop as the potarlty of the medium 

decreases. IT~ rise supports our proposat that potar medium may pray a 

rote of chain transfer agent and coversion drop may be attributed to tow 

activity of the inltlatia9 species formed in weak potar medium . 

Conctusion 

1. Among ar t  chain t r a n s f e r  r eac t ions ,  Ctr, i prays the most important 

rote  in determinin 9 motecutar parameters  and thus the funct ion  of 

i n i f e r  is v e r i f i e d .  

8. Ctr, l, Ctr, s for (CHeCt2),and Ctr, M in CH2CL2 have been determined. 

They are 1.09 (-4O'C), 5.6• z (-40"C), 3.36• at -40"C), 

respectivety. Various effects upon Ctr, I have been investigated. High 

temperature and more potar media favor chain transfer. 
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