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S u m m a r y  

T h e  s u b s t i t u t i o n  r e a c t i o n  w i t h  N a S C 6 H _  is  s t u d i e d  f o r  t w o  
s a m p l e s  of  PUG h a v i n g  v e r y  d i f f e r e n t  t a c t l c i t i e s .  F r o m  bo th  the 
k i n e t i c  r e s u l t s  and the  t h e r m a l  d e g r a d a t i o n  o f  the m o d i f i e d  p o l y m e r s  
i t  is c o n c l u d e d  tha t  the o b s e r v e d  v e r y  f as t  i n i t i a l  p e r i o d  of  the  
r e a c t i o n  i n v o l v e s  s e l e c t i v e l y  a s m a l l  f r a c t i o n  of  i s o t a c t i c  and 
h e t e r o t a c t i c  t r i a d s j  and tha t  such  t r i a d s  a r e  l i k e l y  to be  c o n s i d e r e d  
as l a b i l e  s t r u c t u r e s  in P V C .  T h e  r e s u l t s  a r e  t h e r e f o r e  a c o n t r i b u -  
t i on  to the u n d e r s t a n d i n g  of  the t h e r m a l  i n s t a b i l i t y  o f  P V C .  

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

T h e  f i r s t  r e s u l t s  on the r e a c t i o n  o f  N a S C 6 H  5 w i t h  P V C ,  as 
p u b l i s h e d  r e c e n t l y  ( M A R T I N E Z  et e l .  1980) p o i n t e d  out  tha t ,  d u r i n g  
i t s  f a s t  p e r i o d ,  the  r e a c t i o n  o c c u r s  s e l e c t i v e l y  t h r o u g h  the i s o t a c t i c  
G T T G  and h e t e r o t a c t i c  T T T G  t r i a d s .  M o r e o v e r ,  the s u b s t i t u t i o n  o f  
t hese  t r i a d s  w a s  p r o v e d  to r e s u l t  in an e n h a n c e d  s t a b i l i t y  of  the  
p o l y m e r ,  w h i c h  s u g g e s t s  them to be taken  as n o r m a l  l a b i l e  s t r u c t u r e s  
i n P V C .  

S i n c e  a q u i t e  a t a c t i c  p o l y m e r  w a s  then used  and t a k i n g  i n to  
a c c o u n t  that  the f r a c t i o n  o f  t r i a d s  i n v o l v e d  d u r i n g  the f a s t  p e r i o d  of  
the r e a c t i o n  w a s  v e r y  l ow  ( b e t w e e n  0, ? and 1,5% d e p e n d i n g  on the 
o v e r a l l  t a c t i c i t y  o f  the p o l y m e r ) ,  i t  seems  i n t e r e s t i n g  to c o m p a r e  
the b e h a v i o u r  o f  t w o  P V C  s a m p l e s  w i t h  d i f f e r e n t  t a c t i c i t i e s .  
A c t u a l l y ,  the h i g h e r  the  o v e r a l l  s y n d i o t a c t i c i t y  the l o w e r  is the c o n -  
ten t  o f  i s o t a c t i c  G T T G  and h e t e r o t a c t i c  T T T G  t r i a d s ,  and,  hence ,  
the l o w e r  is e x p e c t e d  to be the f r a c t i o n  of  u n i t s  i n v o l v e d  in the  
f a s t  p e r i o d  of  the r e a c t i o n .  T h i s  p a p e r  d e a l s  w i t h  the  p r e l i m i n a r y  
r e s u l t s  o b t a i n e d  u s i n g  a r a t h e r  B e r n o u l l i a n  p o l y m e r  ( s a m p l e  A) and 
a n o n - B e r n o u l l i a n  s y n d i o t a c t i c  p o l y m e r  ( s a m p l e  B) ( T a b l e  I I ) .  

E x p e r i m e n t a l  

T h e  P V C  s a m p l e s  w e r e  p r e p a r e d  and c h a r a c t e r i z e d  as 
d e s c r i b e d  e l s e w h e r e  ( M I L L A N  et e l .  1973). T h e  t a c t i c i t y  d a t a  a r e  
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g i v e n  in T a b l e  II,  The  s u b s t i t u t i o n  c o n d i t i o n s  a r e  those d i s p l a y e d  
in T a b l e  I wh i ch  a l s o  c o n t a i n s  the v a l u e s  found f o r  the r e a c t i o n  
c o n s t a n t s  of  the t h r e e  r e a c t i o n  p e r i o d s .  

T A B L E  I. S u b s t i t u t i o n  c o n d i t i o n s  f o r  samp les  A and B 
( F i g u r e  1) and r a t e  cons tan t  v a l u e s  ( F i g u r e  2) 

S a m p l e  
[ P V C ] .  102 [ N a S C 6 H  ] .  102 Rate  cons tan t .  103 

( m o l e / l i t e r )  (mol e / l ~ t e r )  ( l i t e r / m o l e .  hou r )  

k 1 k 2 k 3 

A 6, 4 7, 6 52, 5 3, 2 0, 8 

B 6, 4 7, 6 52, 5 2, 2 0, 4 

The  second  o r d e r  k i n e t i c  t r e a t m e n t  e m p l o y e d  c o n s i s t s  in 
p l o t t i n g  log [ (1  - a ) / ( 1  - t 3 ) ]  v e r s u s  ( (a - b)k t  ) /9 . ,3  ( M A R T I N E Z  
et a l .  1980) w h e r e  e. and ,8 a r e  r e s p e c t i v e l y  the P V C  f r a c t i o n  and 
the t h i o p h e n a t e  f r a c t i o n  r e a c t e d  at t ime t; and a and b a r e  the 
i n i t i a l  c o n c e n t r a t i o n  of  P V C  and of t h i o p h e n a t e  r e s p e c t i v e l y .  T h e  
t ime c o n v e r s i o n  c u r v e s  and the k i n e t i c  p lo t s  a r e  shown in F i g u r e s  
1 and 2 r e s p e c t i v e l y .  

T A B L E  II. 1 3 C - N M R  T a c t i c i t y  Data  

c o n v e r -  
S a m p l e  s i on  

(%mole )  
P(ss) P (s le is )  P(ll) P(S) P(I) 

A - -  

B - -  

A 1 0, 26 

A 2 0, 31 

A 3 0, 50 

A11 2, 26 

0 327 

0 450 

0 330 

0 331 

0 335 

0 359 

0, 475 

0, 474 

0, 474 

0, 474 

0, 473 

0, 468 

0 198 

0 076 

0 196 

0 195 

0 192 

0 173 

0, 565 

0, 678 

0, 568 

0, 569 

0, 572 

0, 593 

0 435 

0 322 

0 432 

0 431 

0 428 

0 40? 

The taclicity of all the samples (Table II) was deter- 
mined  by 1 3 C - N M R  (PHAM et a l .  1974). 

T h e  samp les  w e r e  t h e r m a l l y  d e g r a d e d  us ing  both a 
c o n d u c t i m e t r i c  method ( M I L L A N  et a l .  1973) and a t h e r m o b a l a n c e .  
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T h e  v a l u e s  f o r  d e g r a d a t i o n  r a t e  a r e  g i v e n  in T a b l e  I I I .  

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

T h e  t ime  c o n v e r s i o n  c u r v e s  ( F i g u r e  1) s h o w  that  the 
r e a c t i o n  i n v o l v e s  a v e r y  fas t  i n i t i a l  p e r i o d  and a s t e a d y  one;  bo th  
a r e  s e p a r a t e d  by  a t r a n s i t i o n  p e r i o d .  T h e  c o n v e r s i o n  at w h i c h  the 
fas t  p e r i o d  ends  is  much  h i g h e r  f o r  s a m p l e  A than f o r  s a m p l e  EB. 

I I I I I I I I 

o ~ ~  

t l I I I t z 

50 I()0 150 200 

t(hr) 
F i g .  I. N u c l e o p h i l i c  s u b s t i t u t i o n  on PUG w i t h  s o d i u m  t h i o p h e n e t e .  

( O )  s a m p l e  A; ( X ) s a m p l e  B.  

I I I I | | | | 
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Fig. 2. Kinetic plots of nucleophilic substitution on PVG with 
sodium thiophenate. ( 0 ) sample A; ( x ) sample B. 
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T h e  k i n e t i c  c u r v e s  ( F i g u r e  2) make  i t  c l e a r  that  a t h r e e -  
s t e p s  r e a c t i o n  t akes  p l a c e  and tha t  a l l  the p r o c e s s e s  ape s e c o n d -  
o r d e r ,  w h i c h  a c c o u n t s  fop a S N 2 m e c h a n i s m .  It  is w o r t h  n o t i n g  
that  o n l y  the r e a c t i o n  c o n s t a n t  k 1 ( fas t  p e r i o d )  is i n d e p e n d e n t  of  
the t a c t i c i t y  of  the s a m p l e s  and that  k 2 and k 3 ape the l o w e r  as 
the i s o t a c t i c  p l a c e m e n t  c o n t e n t  is low.  T h e s e  r e s u l t s  may be 
a c c o u n t e d  fop  by  a s s u m i n g  tha t  the f as t  p e r i o d  i n v o l v e s  a s i n g l e  
t ype  of  c h l o r i n e  a toms  w h i c h  ape o b v i o u s l y  much m o r e  r e a c t i v e  
than the o t h e r .  C o n v e r s e l y ,  k 2 and k 3 s t e p s  m igh t  be though t  to 
o b e y  o v e r a l l  p r o c e s s e s  in w h i c h  the s u b s t i t u t i o n  o c c u r s  s i m u l t a -  
n e o u s l y  t h r o u g h  at l eas t  two  t ypes  of  c h l o r i n e  a toms of r e a c t i v i t i e s  
not  d i f f e r e n t  enough fop  t h e i r  s u b s t i t u t i o n  to o c c u r  s e p a r a t e l y  in 
t ime .  A c t u a l l y ,  the r e l a t i v e  c o n t e n t  of  these  t ypes  of  c h l o r i n e  
a t o m s  is l i k e l y  to d i f f e r  f r o m  s a m p l e  A to s a m p l e  B.  

1 3 C - N M R  d a t a  ( T a b l e  II) f o r  m o d i f i e d  s a m p l e  A, make  i t  
r e a s o n a b l e  to c o n c l u d e  that ,  w i t h i n  the c o n v e r s i o n s  s t u d i e d  so f a r ,  
i s o t a c t i c  and h e t e r o t a c t i c  t r i a d s  r e a c t  p r e f e r a b l y  r e l a t i v e  to s y n d i o -  
t a c t i c  t r i a d s .  

A l t h o u g h  m o r e  I 3 C - N M R  w o r k  is u n d e r  w a y  in o r d e r  to ge t  
f u r t h e r  i n f o r m a t i o n  abou t  the v e r y  t ype  of  c o n f o r m a t i o n s  tha t  have  
r e a c t e d  d u r i n g  the i n i t i a l  p e r i o d ,  the above  data ,  b e s i d e s  the f ac t  
tha t  k l  p r o c e s s  f o r  s a m p l e  B i n v o l v e s  a rhuch l o w e r  f r a c t i o n  of  
c h l o r i n e  a toms  than i t  does  fop  s a m p l e  A ( F i g u r e  2), c l e a r l y  
s u p p o r t  o u r  p r i o r  a s s e r t i o n  ( M A R T I N E Z  et a l .  1980) that  the k l  
s t e p  is  to be r e l a t e d  to some of  the i s o t a c t i c  and, to a l e s s e r  
e x t e n t ,  o f  the h e t e r o t a c t i c  t r i a d s  in the p o l y m e r .  As  p r e v i o u s l y  
d i s c u s s e d  ( M A R T I N E Z  et a l .  1980), the m o r e  r e a c t i v e  t r i a d s  w o u l d  
be the G T T G  i s o t a c t i c  and the T T T G  h e t e r o t a c t i c .  

T A B L E  I I I .  T h e r m a l  D e g r a d a t i o n  V a l u e s  

S a m p l e  

Degradation Rate. 10 3 

Conductimetric Method Thermobalance 
( [ C I H ] / [ C l H ] o .  m i n - 1 )  (~/0wt. Ioss.  min  -1 )  

A 3, 45 4, 7 

A I 2, 93 4, 0 

A 2 2, 78 2, 8 

A 3 3, 28 3, 2 

A 11 6, 04 I 0, 7 

D e g r a d a t i o n  da ta  in T a b l e  I I I  d e m o n s t r a t e  that  s u b s t i t u t i o n  
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d u r i n g  the k 1 p e r i o d  g i v e s  r i s e  to a m a r k e d l y '  e n h a n c e d  s t a b i l i t y ,  
w h i l e  f u r t h e r  c o n v e r s i o n s  r e s u l t  in d e c r e a s i n g  s t a b i l i t y .  T h e  f o r m e r  
r e s u l t  w o u l d  i n d i c a t e  tha t  some c h l o r i n e  a toms  at the r e a c t e d  
t r i a d s  a r e  l a b i l e ;  the l a t t e r  r e s u l t  is e a s y  to e x p l a i n  i f  the i n f l u -  
ence  of  s y n d i o t a c t i c  s e q u e n c e s  on the b u i l d i n g - u p  of  p o l y e n e s  9 as 
d e m o n s t r a t e d  p r e v i o u s l y  ( M I L L A N  et  a l .  1980) I is taken  in to  
c o n s i d e r a t i o n .  N e v e r t h e l e s s ,  a c o m p l e t e  s t u d y  of  p o l y e n e  d i s t r i -  
b u t i o n  in the d e g r a d e d  s a m p l e s ,  now u n d e r  w a y ,  b e c o m e s  n e c e s s a -  
r y  to d r a w  m o r e  d e f i n i t i v e  c o n c l u s i o n s .  

P r e l i m i n a r y  though  they  a r e ,  the a b o v e  r e s u l t s  e n a b l e  f o r  
the f a s t  p e r i o d  of  s u b s t i t u t i o n  and the r e s u l t i n g  s t a b i l i z a t i o n  e f f e c t ,  
to be r e l a t e d  to a f e w  of i s o t a c t i c  and h e t e r o t a c t i c  t r i a d s  in P V C .  
T h e r e f o r e  some n o r m a l  s t r u c t u r e s  a r e  to be taken  in to  a c c o u n t ,  
b e s i d e  the e x t e n s i v e l y  s tudTed a b n o r m a l  d e f e c t s  9 to u n d e r s t a n d  
t h o r o u g h l y  the d e g r a d a t i o n  p r o c e s s  of  P V C .  
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