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Summary 

The i n f l u e n c e  of 2 , 2 , 6 , 6 - t e t r a m e t h y l p L p e r L d i n e  TMP and 
the co r respond ing  N-ox ide TEMPO on the k i n e t i c s  of the r a d i c a l  
po l ymerLza t i on  of  s t y rene  Ln bu lk  is  descrLbed.  Resu l ts  revea l  
t h a t  the p i p e r i d i n e  TMP acts as a cha in  t r a n s f e r  agent w i t h  
c t r  = 0.014 whereas TEMPO is a s t rong  p o l y m e r i z a t i o n  L n h i b i t o r .  
TEMPO is formed from TMP du r i ng  p o l y m e r i z a t i o n  in a i r  s a t u r a t -  
ed s t y r e n e .  

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

For a p p l i c a t i o n a l  purposes t h e r m o p l a s t i c  m a t e r i a l s  have 
to be p r o t e c t e d  a g a i n s t  u l t r a v L o l e t  l i g h t  by s t a b i l i z e r s  which 
reduce or even e l i m i n a t e  photochemica l  processes as a r e s u l t  
of  which the polymer is degraded and des t royed .  U.v.  absorbers  
in most cases d e r i v e  from 2-hydroxybenzophenone and du r i ng  the 
l a s t  decade h indered  amine l i g h t  s t a b i l i z e r s  (HALS) have been 
developed as low mo lecu la r  we igh t  compounds as we l l  as p o l y -  
mers, among which the s i m p l e s t  model compound of  HALS Ls 2 , 2 , -  
6 , 6 - t e t r a m e t h y l p i p e r i d i n e  I (TMP). Research on the p r o t e c t i o n  
mechanisms have revea led  t h a t  I du r i ng  u . v .  i r r a d i a t i o n  in the 
presence of  oxygen ( a i r )  and f ree  r a d i c a l s  (R ' )  produces h i nd -  
ered a p i p e r i d i n o x y  r a d i c a l  2 (TEMPO) accord ing  to ( I )  / I / :  

~ N ~  h ' v , 0 2 , R "  ~ ~ N  ~ or A R" > ;. - - >  &-R 

1 2 3 

(1) 

I t  is  g e n e r a l l y  accepted t h a t  in a f u r t h e r  r e a c t i o n  se- 
quence the p i p e r i d i n o x y  r a d i c a l  2 TEMPO is  the a c t i v e  s i t e  f o r  
the u . v .  generated a l k y l  r a d i c a l s  from the polymer source 4o 
reac t  w i t h  to g ive  a s u b s t i t u t e d  h y d r o x y l p L p e r i d i n e  3. From 
the v i e w p o i n t  of  fundamenta l  r a d i c a l  r e a c t i o n  k i n e t i c s  in 
v i n y l  p o l y m e r i z a t i o n ,  i t  was of some L n t e r e s t  to  s tudy the 
behav iou r  of TMP I and of  TEMPO 2 towards a r a ' d i c a l l y  induced 
s t y rene  p o l y m e r i z a t i o n .  

*To whom offprint requests should be sent 
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E x p e r i m e n t a l  

S t y rene  (BASF) was p u r i f i e d  as usua l  f o r  k i n e t i c  s t u d -  
i e s .  AiBN ( A l d r i c h  Chemica ls )  was r e c r y s t a l l i z e d  t w i c e  from 
d i e t h y l  e t h e r .  2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n e  I and the  N -ox ide  
2 ( A l d r i c h  Chemica ls )  were used as s u p p l i e d .  For the  d e t e r m i -  
n a t i o n  of  t he  r a t e  o f  bu l k  p o l y m e r i z a t i o n  a s imp le  d i l a t o m e t e r  
(10"70 ccm) was used,  a l l  p o l y m e r i z a t i o n s  f o r  cha in  t r a n s f e r  
c o n s t a n t  and c o n v e r s i o n  d e t e r m i n a t i o n  were c a r r i e d  ou t  in s e a l -  
ed g l ass  tubes  under  an argon atmosphere or  were s a t u r a t e d  
w i t h  a i r ,  r e s p e c t i v e l y .  GPC was a p p l i e d  to  o b t a i n  the  molecu-  
l a r  w e i g h t  d a t a .  

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

TMP I e x h i b i t s  a n i t r o g e n  bonded hydrogen which on any 
a i r  o x i d a t i o n  is  r e a d i l y  a t t a c k e d  and s u b s t i t u t e d  ( I ) .  In r a d i -  
cal  s t y r e n e  p o l y m e r i z a t i o n  in bu l k  i n i t i a t e d  by AiBN, in an 
oxygen f r e e  system a s l i g h t  i n f l u e n c e  o f  TMP on the  r a t e  of  
p o l y m e r i z a t i o n  is  obse rved .  The k i n e t i c s  s t r i c t l y  f o l l o w  the  
usual  law.  N e v e r t h e l e s s ,  I t akes  i n f l u e n c e  on the  m o l e c u l a r  
w e i g h t  of  t he  p o l y ( s t y r e n e )  p roduced ,  see data comp i led  in 
Tab. I .  

Tab le  I :  Data f o r  d e t e r m i n a t i o n  o f  cha in  t r a n s f e r  c o n s t a n t  
o f  I in r a d i c a l  s t y r e n e  bu l k  p o l y m e r i z a t i o n  

E x p . - n r .  [ T M P ] / [ S t ]  Convers .  (GPC) Po l y -  
x 102 (%) Mn d i s p e r s i t y  

under Ar I 7 95.500 1.84 

2 .69 6.6  91.500 1.85 

3 1.74 6.2 84.700 1.89 

4 3.57 5.2 69.500 2.04 

5 7.54 2.8  48.400 2.26 

under a i r  6 6 .8  68.700 2.45 

7 .69 6.7 89.000 1.88 

8 1.74 4.4  83.000 1.92 

9 3.57 < .5 - - 

10 7.54 < .5 - - 

T = 60~ t = 180 min,  [A iBN]  = 6 . 0 9 " I 0 - 3  m o l / l  

The m o l e c u l a r  w e i g h t  data  f o r  the  e x p e r i m e n t s  under  
argon e x t r a p o l a t e  q u i t e  n i c e l y  a c c o r d i n g  to  the  Mayo e q u a t i o n  
to  g i v e  a cha in  t r a n s f e r  c o n s t a n t  c. = 0 .014 f o r  TMP I ,  see 
F ig .  I .  As the  m o l e c u l a r  w e i g h t  o f  ~ e  po lymer  d e c r e a s e s ,  the  
p o l y d i s p e r s i t y  of  the  probes is  i n c r e a s e d .  
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This  o b s e r v a t i o n  can be i n t e r p r e t e d  a c c o r d i n g  to  ( I ) .  
At moderate c o n c e n t r a t i o n s  of  I ,  t he  p l p e r i d i n e  is  c o n v e r t e d  
to  the  N -ox ide  2 by the  a id  o f  a l k y l  r a d i c a l s  e i t h e r  f rom the  
d e c o m p o s i t i o n  o f  AiBN or  the  g rowing  po lymer  c h a i n s .  As the  
c o n c e n t r a t i o n  of  | is  i n c r e a s e d  in e x p e r . n r . 9  and 10, an i n -  
c rease  o f  the  s t a b l e  N-ox ide  r a d i c a l  2 is  g e n e r a t e d  which ac ts  
as an i n h i b i t o r  to  consume a l l  g rowing  po lymer  cha ins  and 
t h e r e f o r e  leads to  an a lmost  comple te  s u p p r e s s i o n  of  p o l y m e r i -  
z a t i o n .  

The p e r f e c t  a c t i o n  o f  t he  s t a b l e  2 , 2 , 6 , 6 - t e t r a m e t h y l -  
p i p e r i d i n e - N - o x i d e  2 as i n h i b i t o r  mo lecu le  f o r  r a d i c a l  p o l y -  
m e r i z a t i o n  is  demons t ra ted  in F i g . 2 .  I n d u c t i o n  p e r i o d s  r e l a t e d  
to  t he  c o n c e n t r a t i o n  o f  TEMPO 2 (see F i g . 3 )  w i t h o u t  r e t a r d a -  
t i o n  (no d i f f e r e n t  s lope  in F i g . 2 )  were obse rved .  
I t  shou ld  be noted t h a t  t h e r e  is the  same i n h i b i t i o n  e f f e c t  of  
TEMPO i r r e s p e c t i v e  of  the  oxygen c o n t e n t  in s t y r e n e .  

A f o r t h c o m i n g  paper  w i l l  deal  w i t h  more d e t a i l e d  d i s -  
cuss ions  of  r e a c t i o n  o f  I and 2 w i t h  r a d i c a l s .  
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