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SUMMARY.

Therm al d e g r a d a t io n  o f  p o ly m e r ic  m a t e r i a l s  

may t a k e  p l a c e  i n  two g e n e r a l  w a y s .  The f i r s t  

w ay i s  b y  s p l i t t i n g  o f f  monomer u n i t s  o r  s e v e r a l  

monomer u n i t s  j o i n e d  t o g e t h e r .  The s e c o n d ,  and  

t h a t  fo u n d  i n  t h e  breakdown o f  p o l y  ( v i n y l  a c e t a t e )  

and p o l y  ( v i n y l  c h l o r i d e ) ,  i s  l o s s  o f  s i d e  gro u p s  

t o  l e a v o  c o n j u g a te d  p o ly e n e  s e q u e n c e s .

I n  t h e  f i r s t  c h a p t e r  o f  t h i s  t h e s i s ,  th e  

p r e v io u s  work done on t h e  d e g r a d a t io n  o f  

p o l y  ( v i n y l  a c e t a t e ) ,  p o l y  ( v i n y l  c h l o r i d e )  and 

co p o ly m e r s  o f  v i n y l  a c e t a t e  and v i n y l  c h l o r i d e  

i s  d i s c u s s e d  i n  term s o f  th e  p o s s i b l e  m ech an ism s.

The p o ly m er s  u s e d  i n  t h e  work d e s c r i b e d  i n  

t h i s  t h e s i s  w ere  p r e p a r e d  by s ta n d a r d  m ethods and 

t h e  c o p o ly in e r i s a t io n  o f  v i n y l  a c e t a t e  and v i n y l  

c h l o r i d e  was s t u d i e d  b e f o r e  p o ly m e r s ,  f o r  

d e g r a d a t io n ,  w ere  p r e p a r e d .  The r a t i o s  o f  v i n y l  

a c e t a t e  t o  v i n y l  c h l o r i d e  i n  th e  co p o ly m e rs  w ere  

d e te r m in e d  b y  n u c l e a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y

The d e g r a d a t io n  o f  t h e  p o ly m er s  was s t u d i e d



f i r s t l y  i n  t h e  s o l i d  p h a se  and l a t e r  i n  s o l u t i o n .  

The d e g r a d a t io n s  i n  s o l u t i o n  w ere  i n i t i a l l y  

perform ed  i n  e t h y l  b e n z o a t e  and l a t e r  i n  t r i - t o l u y l  

p h o s p h a t e .  The r e a s o n  f o r  t h i s  i s  t h a t  t h e  

k i n e t i c s  o f  t h e  d e g r a d a t io n s  i n  e t h y l  b e n z o a te  

a r e  d ep en d an t a lm o s t  e n t i r e l y  upon th e  r e t e n t i o n  

o f  t h e  a c e t i c  a c i d  p ro d u ced  i n  th e  d e g r a d a t io n .

T h is  seem s t o  c a u s e  a v e r y  marked a c c e l e r a t i o n  o f  

t h e  d e g r a d a t io n .

The d e g r a d a t io n s  i n  t r i t o l u y l  p h o sp h a te  

s o l u t i o n  show ed t h e  same r e l a t i v e  s t a b i l i t i e s  

o f  t h e  co p o ly m e r s  a s  w as fo u n d  i n  th e  s o l i d  p h a s e .  

F u r th e r  i n v e s t i g a t i o n s  i n  t h i s  medium w ere  c a r r i e d  

o u t  w i t h  t h e  o b j e c t  o f  i n v e s t i g a t i n g  t h e  

d i s c o l o u r a t i o n  o f  t h e  co p o ly m e rs  and t h e  e n e r g y  

o f  a c t i v a t i o n  o f  d e g r a d a t io n

The r a t e  o f  d i s c o l o u r a t i o n  was fo u n d  to  be  

minimum a t  10% VA and 10% VC and a t  a maximum a t  

50% t o  75% VC.

The e n e r g i e s  o f  a c t i v a t i o n  h ave  a  g e n e r a l  

t e n d e n c y  t o  i n c r e a s e  from  PVC t o  PVA w i t h  a  s l i g h t  

drop around 50% VC.



The e f f e c t s  o f  t h e  r e a c t i o n  p r o d u c t  and 

o x y g e n  on  t h e  r a t e  o f  d e g r a d a t io n  a r e  d e m o n s tr a te d .

The r e s u l t s  fo u n d  a r e  d i s c u s s e d  and a  

m echanism  f o r  d e g r a d a t io n  i s  p o s t u l a t e d .  T h is  

i n v o l v e s  m a in ly  an a c t i v a t i o n  o f  VA g r o u p s  by  

a d j a c e n t  VC u n i t s  and t h e n  a l l y l i e  a c t i v a t i o n  

by t h e  d o u b le  bond so  fo r m e d .  The c r o s s  l i n k i n g  

r e a c t i o n  i s  p o s t u l a t e d  t o  be a p o ly e n e  

c o n d e n s a t io n  r e a c t i o n .

The c o n t r o v e r s y  o f  t h e  r a d i c a l  v e r s u s  non

r a d i c a l  argum ent f o r  t h e  d e g r a d a t io n  o f  PVC i s  

n o t  r e s o l v e d  b u t  i t  i s  c o n c lu d e d  t h a t  t h e  t r u e  

m echanism  o f  d e g r a d a t io n  o f  PVC i s  p r o b a b ly  a  

m ix tu r e  o f  e a c h ,  t h e  p red om in an ce  d ep en d in g  

upon t h e  c o n d i t i o n s .

F i n a l l y ,  p o s s i b i l i t i e s ,  f o r  f u t u r e  work a r e  

p r e s e n t e d  and t h e  p o s s i b l e  outcom e d i s c u s s e d .



FRj'^ACF.

The w o rk  d e s c r i b e d  i n  t h i s  t h e s i s  was c a r r i e d  

on.t d u r i n g  t h e  o e r i o d  n c t o b e r  1964 t o  S e p t e m b e r  

1967,  i n  t h e  D e p a r t m e n t  o f  C h e m i s t r y ,  o f  t h e  

I T n i v e r s i t y  o f  G-lasnow w hich  i s  u n d e r  t h e  g e n e r a l  

s u n e r v i  s i  on o f  P r o f e s s o r  J . F .  R o b e r t s o n  , O . B . S . , F. R . 3 .

t ori i n d e b t e d  t o  t h e  S c i e n c e  R e s e a r c h  C o u n c i l  

;Po*p t h e  award, o f  a R e s e a r c h  S t u d e n t  s h i n ,  d u r i n g  t h e  

t e n u r e  o f  w h ic h  t h i s  w o rk  was  c a r r i e d  o u t ,

T s h o u l d  a l s o  l i k e  t o  t h a n k  my c o l l e a g u e s  

i n  t h e  W n c r o n e l e c u l a r  C h e m i s t r y  g r o u o  f o r  u s e f u l  

a s s i s t a n c e  and  d i s c u s s i o n ,  and  t h e  v a r i o u s  members 

o f  t h e  T e c h n i c a l  s t a f f  o f  t h e  C h e m i s t r y  D e p a r t m e n t  

i n  n a r t i c u l a r  Mr, G* R c C u l l o c h ,  who c a r r i e d  o u t  

m o s t  o f  t h e  m o l e c u l a r  v /e imht  d e t e r m i n a t i o n s .

F i n a l l y ,  I  w i s h  t o  t h a n k  D r s . F .  G - ra s s ie  and  

T , 0 ,  F c F e i 11 f o r  s u g g e s t i n g  t h e  n r o b le m  and  f o r  

g e n e r a l  s u n e r v i s i o n  and  e n c o u r a g e m e n t  t h r o u g h o u t  

t h e  w o r k .
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As t h i s  t h e s i s  i s  c o n c e r n e d  w i t h  p o ly m er s  ana 

c o p o ly m e r s  o f  v i n y l  a c e t a t e  and v i n y l  c h l o r i d e ,  i t  

i s  c o n v e n i e n t  t h r o u g h o u t  t o  u s e  t h e  a b b r e v i a t i o n s  

PVA f o r  p o l y  ( v i n y l  a c e t a t e ) ,  PYC f o r  p o l y  ( v i n y l  

c h l o r i d e ) ,  VA f o r  v i n y l  a c e t a t e  nononer  and YC f o r  

v i n y l  c h l o r i d e  monomer.

1 ) .  C l a s s i f  i c  a t  i o  n_ o f  J?oJly m er  _D e gr a d a t i  on_ Mech an i s  us .

D e g r a d a t io n  r e a c t i o n s  nay he c l a s s i f i e d  a c c o r d i n g  

t o  t h e  a g e n c y  or  a g e n c i e s  c a u s i n g  them. In  t h i s  

manner, f i v e  major c l a s s e s  o f  d e g r a d a t i o n  may he

enum erated  -----  th e r m a l ,  o x i d a t i v e ,  n h o t o ,  u l t r a s o n i c

and m e c h a n ic a l .  Some o f  t h e s e  major groups  may he  

s u b d i v i d e d  by c o n s i d e r i n g  t h e  mechanism o f  d e g r a d a t i o n .  

S i n c e  t h i s  t h e s i s  i s  c o n c e r n e d  o n l y  w i t h  th e r m a l  

d e g r a d a t i o n ,  i t  a lo n e  w i l l  he c o n s i d e r e d  h e r e .

Thermal d e g r a d a t i o n  r e a c t i o n s  may be c l a s s i f i e d  

i n t o  two main g r o u p s ,  n a m ely  s u b s t i t u e n t  r e a c t i o n s  

and d e p o l y m e r i s a t i o n  r e a c t i o n s .

D e p o l y m e r i s a t i o n  r e a c t i o n s  a re  c h a r a c t e r i s e d  by  

t h e  r u o t u r e  o f  t h e  main polym er  c h a i n  backbone so  

t h a t  a t  any  i n t e r m e d i a t e  s t a g e  i n  t h e  r e a c t i o n  t h e



p r o d u c t s  a r e  s i m i l a r  t o  t h e  p a r e n t  m a t e r i a l  i n  t h e  

s e n s e  t h a t  th e  monomer u n i t s  a r e  s t i l l  d i s t i n g u i s h a b l e  

in  t h e  c h a i n s .  ITew t y p e s  o f  t e r m i n a l  g ro u p s  may or  

may n o t  a p o e a r ,  d e n e n d in g  upon t h e  n a t u r e  o f  t h e  

c h a in  s c i s s i o n  p r o c e s s .  The u l t i m a t e  p r o d u c t  w i l l  

h e  monomer o r  c l o s e l y  a k in  t o  i t .  T h is  form  o f  

d e g r a d a t io n  o c c u r s  i n  p o l y  ( m e t h y l m e t h a c r y l a t e ) , 

p o l y s t y r e n e ,  p o l y e t h y l e n e ,  p o l y  ( e t h y l e n e  

t e r e p h t h a l a t e  ) ,  e t c .

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

i s  t h a t  t h e  s u b s t i t u e n t s  a t t a c h e d  t o  t h e  p o ly m er  c h a in  

b ack b on e  a r e  m o d if ie d  or  p a r t i a l l y  or  t o t a l l y  

e l i m i n a t e d .  Thus t h e  c h e m ic a l  n a t u r e  o f  t h e  

r e p e a t i n g  u n i t  i n  t h e  m a c r o m o le c u la r  s t r u c t u r e  i s  

c h a n g e d .  I f  v o l a t i l e  p r o d u c t s  a r e  e v o lv e d  t h e y  

w i l l  be  c h e m i c a l l y  u n l i k e  monomer. T h is  form  o f  

d e g r a d a t io n  o c c u r s  i n  t h e  c o l o u r a t i o n  o f  n i t r i l e  

p o ly m e r s ,  i n  p o l y  ( m e t h a c r y l i c  a c i d  ) and i n  e s t e r  

d e c o m p o s i t io n  r e a c t i o n s  i n  PVC, PVA and p o l y  ( t e r t — 

b u t y l m e t h a c r y l a t e ) .

The d e g r a d a t io n  o f  t h e  p o ly m e r s ,  w i t h  w h ich  

t h i s  t h e s i s  i s  c o n c e r n e d ,  o c c u r s  b y  a s u b s t i t u e n t  

r e a c t i o n .



annum o f  t h e  t h e r m o - p la s t i c s  p r o d u c t i o n  o f  Great
1h-PB r i t a i n  (3CC,Z o f  t h e  t o t a l  ' ) ,  b e c a u s e  o f  i t s

d i v e r s i t y  o f  anp l i e  a t  i o n s  end low c o s t .  I t s  

o r i g i n a l  'advantage was t h a t  i t  c o u l d  be p r o c e s s e d  

on equipment d e v e l o p e d  f o r  t h e  ru b b e r  i n d u s t r y  b u t ,  

as t h e  a p p l i c a t i o n s  d i v e r s i f i e d ,  t h e  n r o c e s s i n g  

c o n d i t i o n s  became more demanding and th e  i n s t a b i l i t y  

o f  PVC a t  e l e v a t e d  t e m p e r a t u r e s  became a p ro b lem .

A ls o  t h e  poor  w e a t h e r i n g  c h a r a c t e r i s t i c s  o f  PVC do 

n o t  a l l o w  i t s  f u l l  p o t e n t i a l  i n  t h e  b u i l d i n g  i n d u s t r y  

t o  be d e v e l o p e d .

When PVC i s  s u b j e c t e d  t o  v a r i o u s  a g e n c i e s  such  

as  h e a t ,  l i g h t ,  i o n i s i n g  r a d i a t i o n ,  e t c . ,  i t  l i b e r a t e s  

h y d rogen  c h l o r i d e  w i t h  accompanying d i s c o l o u r a t i o n  

and a g e n e r a l  d e t e r i o r a t i o n  o f  m e c h a n ic a l  and 

e l e c t r i c a l  p r o p e r t i e s .  Over t h e  y e a r s ,  many t y p e s  

o f  m a t e r i a l  have  b een  s u c c e s s f u l l y  u se d  t o  combat  

d e g r a d a t i o n  b u t  such s t a b i l i s e r s  have  b e e n  e v o l v e d  

e m u i r i c a l l y  and t h e  s t a b i l i s a t i o n  o f  PVC has  b een  

an a r t  r a t h e r  th a n  a s c i e n c e .  I t  i s  n e c e s s a r y  t o  

u n d e r s t a n d  th e  d e g r a d a t i o n  p r o c e s s e s  w hich  o c c u r  so
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t h a t  a s c i e n t i f i c  approach  may be made to  t h e

prob  1 e'.i o f  s t a b i  1 i s a t i  or.*

In s p i t e  o f  t h i s  n e c e s s i t y /  end t h e  amount o f

t im e  and e n e r g y  p u t i n t o  s t u d y in g  th e  v a r io u s

d e g r a d a t io n  p r o c e s s e s  t h e y  a r e ,  as  i s  d e m o n str a te d

b e lo w ,  as  y e t  f a r  from c l e a r l y  u n d e r s to o d .

The d e g r a d a t io n  o f  PVC i s  o f  v e r y  g r e a t

im p o r ta n c e  as many o f  t h e  a p p l i c a t i o n s  o f  t h e  po lym er

r e q u i r e  t r a n s p a r e n t  m a ter ia .Is  and c o lo u r  d e v e lo p s

d u r in g  t h °  d e g r a d a t io n . d h e r e a s  i n  most o t h e r

m a t e r i a l s ,  th e  d e g r a d a t io n  i s  n o t  im p o rta n t  u n t i l

much h ig h e r  p e r c e n t a g e  d e g r a d a t io n s ,  when p h y s i c a l

p r o p e r t i e s  become a f f e c t e d ,  in  t h e  c a s e  o f  PVC t h i s

o c c u r s  much l a t e r  th a n  d i s c o l o u r a t i o n  and i s  s e e n  as

t h e  m a t e r i a l  becom ing  b r i t t l e  aud a l s o  as

i n s o l u b i l i s a t i o n .  T h is  l a t t e r  phenomenon has b e e n

a c c r e d i t e d  t o  t h e  fo r m a t io n  o f  c r o s s  l in k e d  
( i -5^s t r u c t u r e s  and s t u d i e s  have  b een  made o f  th e

( 6 ^r a t e  o f  c r o s s l i n k i n g  v

The p o lym er  i t s e l f  h as  b een  shown t o  have a
( 7)head  t o  t a i l  s t r u c t u r e  a lm o st  e x c l u s i v e l y  w ' and 

s t u d i e s  o f  t h e  p r o d u c ts  of-' d e g r a d a t  ion  b e lo w  20C°C 

show t h a t  o n ly  hydrogen  c h l o r i d e  i s  l i b e r a t e d
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whereas ab^ve 200 ' 0 ^  ' s n a i l  amounts of  ben se re

and o t h e r  a l i n h a t i c  and a r o m a t ic  h y d ro ca r b o n s  have

b een  d e t e c t e d ,  a l th o u g h  c h l o r i n a t e d  h y d r o c a rb o n s  .are
fQ—1a b s e n t .  TTo c h l o r i n e  or  hydrogen i s  fo u n d  v" -

b u t  4f': o f  t h e  v o l a t i l e  p r o d u c t s  are  u n a cc o u n te d
p ( l? ' )  f o r  v*“ ' .

The u l t r a v i o l e t  and v i s i b l e  spe c tru m  o f  d eg ra d ed  

PVC i s  s i m i l a r  t o  p o l y e n e  s p e c t r a  (--> --? -3  311! ) an(  ̂

t h e  c o l o u r s  prod u ced  a r e  r e m i n i s c e n t  o f  c a r o t e n o i d s .  

T h ese  and t h e  head to  t a i l  s t r u c t u r e  s u g g e s t  t h a t  

t h e  d e h y d r o c h l o r i n a t e d  polymer would  have  t h e  

s t r u c t u r e

-  CfFT = GH -  OH = GH -  OH = OH - .

The c o l o u r  h a s ,  how ever ,  a l s o  b een  a t t r i b u t e d

t o  f u l v e n e  s t r u c t u r e s  and, i n  t h e  c a s e  o f

p h o t o d e g r a d a t i o n ,  t o  a s u r f a c e  l a y e r  o f  ca rb o n

The methods u se d  t o  s t u d y  t h e  d e c o m p o s i t i o n

a r e  many and v a r i e d  but  common t o  most  o f  them i s

measurement o f  t h e  e v o l v e d  hydrogen  c h l o r i d e .

/hen PVC i s  h e a t e d  i n  an i n e r t  a tm o sp h er e ,  a t

t e m p e r a t u r e s  be tw een  1 5 0 °0  end 2 0 0 ° 0 , i t  becomes

h i g h l y  c o l o u r e d  d u r in g  t h e  l o s s  o f  t h e  f i r s t  O.Tf;
( S ^o f  h y d fo g e n  c h l o r i d e  v " and t h e  c o l o u r  s u g g e s t s



6 .

t h a t  s e q u e n c e s  o f  s e v e n  c o n ju g a te d  c a r h o p -c a r b o n
( n  9  ^

don o l e  oonds a xe  n r e s e n t  - .  Another

o b s e r v a t i o n  i s  t h a t ,  when d e h y d r o c h lo r in a t io n  i s

ta k e n  t o  conn l e t  i o n .  o n ly  v e r y  s n a i l  t r a c e s  o f
r i py

c h l o r i n e  rem ain  i n  t h e  polym er c h a in   ̂ w h e r e a s ,  

i f  t h e r e  was ran  don e l i m i n a t i o n ,  one w ou ld  e x p e c t  

I b f  o f  t h e  c h l o r i n e  t o  be l e f t  T hese

o b s e r v a t io n 's  i n d i c a t e  t h a t  d e h y d r o c h lo r in a t io n  must 

t a k e  n l a c e  from  s u c c e s s i v e  u n i t s  a lo n g  t h e  po lym er  

c h a in  r a t h e r  th a n  a t  random. T h is  t y o e  o f  

b e h a v io u r  h as  been  term ed a "Zipper^ r e a c t i o n .

However t h r e e  t y p e s  o f  mechanism have b een  

p r o p o se d  f o r  th e  d e g r a d a t io n ,  nam ely  io n ic , -  

u n im o le c u la r  and r a d i c a l  b u t  b e f o r e  d i s c u s s i n g  t h e s e  

a b r i e f  o u t l i n e  o f  t h e  work done on th e  p y r o l y s i s  o f  

a l k y l  c h l o r i d e s  i s  a o p r o r r i a t e .

A lk y l  c h l o r i d e  p y r o l y s i s  was shown to  p r o c e e d  

b y  one o f . t w o  mechanisms -  r a d i c a l  or
p - l

u n im o le c u la r  mech an ism  o f

d e c o m p o s i t io n  f o r  c e r t a i n  a l k y l  c h l o r i d e s  was 

p r e d i c t e d  by her  to n  l' by r a d i c a l  in t e r m e d ia t e  

s t u d i e s  and n e a r l y  a l l  h i s  p r e d i c t i o n s  have  b e e n  

s u b s t a n t i a t e d .  However, t h i s  scheme s u g g e s t s  t h a t
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t h e  aeocw n os i t ior*  o f  PVC s h o u l d  be f i r s t  o r d e r ,  b u t

i t  l o s e s  hydrogen  c h l o r i d e  more  r e a d i l y  t h a n  PVC m o d e ls .

The p o s s i b l e  e x o l a n a t i o n  f o r  t h i s  l i e s  i n  t h e  f i r s t

p r o p a g a t i o n  s t e p s  i n  w h i c h , w i t h  alley 1 c h l o r i d e s ,  a

t e r t i a r y  hydrogen  i s  i n i t i a l l y  a b s t r a c t e d  w h e r e a s ,

i n  PVC, i t  i s  a s e c o n d a r y  hydrogen  w hich  i s

a b s t r a c t e d  f i r s t .  P h i s  i s  d e m o n s tr a te d  i n  t h e

c h l o r i n a t i o n  o f  P/C i n  which  t h e  m eth y le n e  groups
f o i l

d i s a p p e a r  f i r s t  V ' .

A ) . Types  o f  lech an i  sm.

( i ) .  U n i m o l e c u l a r .

A u n i m o l e c u l a r  e l i m i n a t i o n  mechanism f o r  PVC 

d e h y d r o c h l o r i n a t i o n  wou3.d be e x o e c t e d  to  be  a random

p r o c e s s  but  a l l y l i e  a c t i v a t i o n  i s  b e l i e v e d  to  be
( 7, n ig  ps  pg pp ppp im p o r t a n t  ^  ?-< j - . an<g ±s o f f e r e d  as  an

e x p l a n a t i o n  f o r  th e  ^Zipper1* p r o c e s s .  There  i s  no

d i r e c t  e v i d e n c e  t h a t  a l l y l i c  a c t i v a t i o n  a i d s

h o m o l y t i c  s c i s s i o n  and th e  i d e a  has  b e e n  t r a n s p o s e d

from h e t e r o l y t i c  s c i s s i o n  mechanism. There i s ,

h o w e v er ,  one p o i n t  i n  f a v o u r  o f  t h e  u n i m o l e c u l a r

mechanism and t h a t  i s  t h a t  most  o f  th e  TJVC

s t a b i l i s e r s  are  n o t  known 'for t h e i r  p a r t i c i p a t i o n  i n

r a d i c a l  r e a c t i o n s .
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( i i ) .  R a d i c a l .

The r a d i c a l  p o s t u l a t e  f o r  t h e r m a l

d e h y d r o c h l o r i n a t i o n  a l s o  h a s  r a t h e r  v ag u e  s u o o o r t .

The  o r e s e n c e  o f  f r e e  r a d i c a l s  h a s  b e e n  d e m o n s t r a t e d
f n )

m  h e a t - t r e a t e d  v J PVO b y  e l e c t r o n  s o i n  r e s o n a n c e

s n e c t r o s c o n y . U n f o r t u n a t e l y  no  one h a s  y e t  s t u d i e d

t h e r m a l l y  d e g r a d i n g  PVC b y  e l e c t r o n  so i n  r e s o n a n c e

a n d  t h i s  c o u l d  b e  a  o o s s i b l e  f u t u r e  d e v e l o p m e n t .

A r lm an  f o u n d  t h a t  f r e e  r a d i c a l  i n i t i a t o r s

i n c r e a s e  t h e  r a t e  o f  l o s s  o f  h y d r o g e n  c h l o r i d e  b u t  
CPS')Bengough  ' ' f o u n d  t h a t  t h e y  d i d  n o t .  Roth  o f  

t h e s e  c l a i m s  a r e  s u s n e c t  a s  b e n z o y l  p e r o x i d e  f o r  

e x a m p le  d o e s  n o t  n e c e s s a r i l y  g i v e  an a d e q u a t e  

s u p p l y  o f  r a d i c a l s  a t  a b o u t  2 0 0 ° 0 ,  a l t h o u g h  t h e  

d i f f e r e n c e  c o u l d  a r i s e  f ro m  t h e  d i f f e r e n t  p h a s e s  i n  

w h i c h  t h e  v o r b ' w a s  d o n e .  A r lm an  ^  a l s o  f o u n d  t h a t  

f r e e  r a d i c a l  s c a v e n g e r s  do n o t  i n h i b i t  t h e  r e a c t i o n  

an d  h e  e x p l a i n s  t h i s  on t h e  b a s i s  o f  a  v e r y  s t a b l e  

r a d i c a l  i n t e r m e d i a t e .  He s u g g e s t s  t h a t  h y d r o g e n  

c h l o r i d e  i s  l i b e r a t e d  f r o 1̂. t h e  monomer u n i t  a d j a c e n t  

t o  a  r a d i c a l  and t h e  r a d i c a l  i s  r e s o n a n c e  s t a o i l i s e d .  

Bengough   ̂ '  a l s o  f o u n d  t h a t  r a d i c a l  s c a v e n g e r s  had

no e f f e c t  on t h e  r e a c t i o n  b u t  t h e r e  i s  a lw a y s  t h e
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p c a v s n p o r g  a t  n o r n a l  t e m p e r a t u r e s  do n o t  d i s p l a y  t h e  

same e f f e c t  a t  h i g h e r  t e m p e r a t u r e s .

R a d i c a l - a c t i v a t e d  e l i m i n a t i o n  m ech an ism s  s u ch
f l >

a s  A r l m a n ’s y h a v e  r e c e i v e d  v e r y  l i t t l e  s u p p o r t  

an d  t h e  f a v o u r e d  r a d i c a l  m echanisms  i n v o l v e  f r e e  

c h l o r i n e  a t o m s .  As p r e v i o u s l y  m e n t i o n e d ,  no p r o o f  

o f  t h e  e x i s t e n c e  o f  r a d i c a l s  i n  t h e r m a l l y  d e g r a d i n g  

•3\rG h a s  y e t  b e e n  p r o d u c e d  b u t  t h e r e  a r e  s e v e r a l  

i s o l a t e d  p i e c e s  o f  e v i d e n c e  c l a i m e d  by  G e d d e s , ■ '

s u c h  a s  low n r e - e x p o n e n t i a l  f a c t o r s  i n  t h e  r a t e
f ~7 O '

c o n s t a n t  w i t h  c o p o l y m e r s  o f  v i n y l i d e n e  c h l o r i d e  ^  y>} 

i n c r e a s e d  r a t e  o f  d e h y d r o c h l o r i n a t i o n  i n  some c a s e s
( 1  *,i

' , when f r e e  r a d i c a l  s o u r c e s  a r e  a d d ed  t o  t h e
( 2 n  >

PVC, b u t  n o t  i n  o t h e r s ,  and  a  cla im- by  d i n k i e r  v

t h a t  some PVC s t a b i l i s e r s  i n t e r f e r e  w i t h  r a d i c a l

c h a i n  p r o c e s s e s .
n r 0  ( 20 ^S t r o m b e r g  an d  iJ i n k i e r  ’; b o t h

p o s t u l a t e d  r a d i c a l  c h a i n  m echan ism s  f o r  PVC

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

p r o p a g a t i o n  s t e p s  b u t  w i d e l y  d i f f e r i n g  i n i t i a t i o n

and  t e r m i n a t i o n  s t e p s .  T h i s  d i f f e r e n c e  a g a i n

s u g g e s t s  t h a t  t h e  k e y  t o  t h e  p r o b le m  l i e s  in. t h e



i n i t i a t i o n  p r o c e s s .
 ̂l_o 1S t r o m b e r g  v ' ; c l a i m s  t h a t  h y d r o g e n  c h l o r i d e

c o u l d  n o t  b e  e l i m i n a t e d  f r o m  PVC in* a  m o l e c u l a r

p r o c e s s  l i k e  t h e  e l i m i n a t i o n  o f  a c e t i c  a c i d  f ro m  
^33^PVA^-^- b e c a u s e  o f  g e o m e t r i c a l  c o n s i d e r a t i o n s  and

t h u s  t h e  e l i m i n a t i o n  must  be s t e p v / i s e  a s  m ou ld  b e

t h e  c a s e  f o r  an  i o n i c  m ech an ism .

( i i i ) .  I o n i c ,

T h e r e  i s  no d i r e c t  e v i d e n c e  f o r  an i o n i c

m ech an ism  f o r  t h e  t h e r m a l  e l i m i n a t i o n  o f  h y d r o g e n

c h l o r i d e  f ro m  PVC a l t h o u g h  t h e r e  i s  c o n s i d e r a b l e

i n d i r e c t  e v i d e n c e .  A l k y l  c h l o r i d e s  in  t h e  p r e s e n c e

o f  b a s e  u n d e r g o  e l i m i n a t i o n  and  s u b s t i t u t i o n
f 3^;r e a c t i o n s  t o  g i v e  a  m i x t u r e  o f  p r o d u c t s  v . I n

PVC t h e r e  i s  a  s i m i l a r  r e a c t i o n  b u t  s u b s t i t u t i o n  i s

s u p p r e s s e d  and  t h e  p r o d u c t s  a r e  s i m i l a r  t o  t h e
( 7 )p r o d u c t s  o f  t h e r m a l  d e h y d r o c h l o r o r a t i o n  w ■ '.

H i g h l y  c o l o u r e d  p r o d u c t s  a r e  o b t a i n e d  b y  t h e  

t r e a t m e n t  o f  PVC w i t h  sod ium  i n  l i e u i d  ammonia ,

s o d iu m  m e t h o x i d e  and l i t h iu m ,  c h l o r i d e  i n  

d i m e t h y l f  orma.mide . I n  t h e  l a t t e r  c a s e ,  t h e

c h l o r i d e  a n i o n  a c t s  a s  a s t r o n g  b a s e  a ” d t h u s  t h e  

d e h y d r o c h l o r i n a t i o n  i s  a  t r u e  i o n i c  c h a i n
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e l i m i n a t i o n ,  s u b s t i t u t i o n  h a v i n g  no m ean ing  i n  t h i s

c a s e ,  and  t h e  p r o d u c t  i s  a  v i o l e t  c o l o u r  w h ic h  i s
( 3 7 1p r e d i c t e d  b y  Re mop J who shows t h a t  two c o l o u r s  

s h o u l d  a r i s e .  The f i r s t  c o l o u r  i s  v i o l e t  when t h e r e  

i s  e l i m i n a t i o n  o n l y  and  t h e  s e c o n d  i s  r e d  when t h e  

e l i m i n a t i o n  i s  o c c a s i o n a l l y  i n t e r r u n t e d  by  

s u b s t i t u t i o n ,  nyrj vra s  f o u n d  t o  b e  d e g r a d e d  by  

s u l p h u r i c  a c i d  b u t  n o t  b y  s u l o h u r i c  a c i d  c o n t a i n i n g
( g O >

a  f e w  n e r c e n t  o f  n i t r i c  a c i d  ^  ' and  i t  i s  c l a i m e d  

t h a t  t h e  d e g r a d a t i o n  i n  s u l p h u r i c  a c i d  i s  an  i o n i c  

z i p p e r  w h i l e ,  i n  t h e  l a t t e r  c a s e ,  n i t r i c  a c i d  a d d s  

on  t o  t h e  c a r b o n - c a r b o n  d o u b l e  b o n d ,  i n  a  f a s t e r  

r e a c t i o n  t h a n  t h a t  e l i m i n a t i n g  t h e  n e x t  h y d r o g e n  

c h l o r i d e ,  t h e r e b y  p r e v e n t i n g  a l l y l i c  a c t i v a t i o n .

At lpO°G, o r g a n i c  b a s e s ,  f o r  exam ple  b e n z y l  

t r i m e t h v l  a m m o n iu m 'h y d ro x id e ,  a c c e l e r a t e  t h e  

d e h y d r o c h l o r i n a t i o n  o f  PVC w  ' .  The m echanism  

p r o p o s e d  i s  a  s lo w  i n i t i a t i o n  s t e p  as  i n  ( i ) ,  t h e n  f a s tHi(pT ^  = (pi rs~r\r̂ > j- J3H ’ -i- Q X

a t t a c k  b y  t h e  b a s e  a t  t h e  a l l y l i c  p o s i t i o n  f o l l o w e d  

b y  s lo w  c r o s s - l i n k i n g  t e r m i n a t i o n .  i f  t h e  m ecnan ism



o': ’ t h  o m o  i. clo^i^o.roch ? o r i  n a t ^  .̂ •n q*p ^irrj *i n -} on? c the* 

v/on.Id be  c h a r g e  s e p a r a t i o n  a t  t h e  c a r b o n —c h l o r i n e

b o n d s  an d  t h e  c a t a l y t i c  e f f e c t  o f  o r g a n i c  ba
( p i  >

vou  "Id b e  b y  i n c r e a s i n g  t h i s  p o l a r i t y  • J . 'The 

o b v i  o u s  n e a t  io n  w h ic h  a r i s e s  c o n c e r n i n g  t h e  i  o n i c  

m e c h an ism  i s  w h e t h e r  c o n d i t i o n s  c o n d u c i v e  t o  t h i s  

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

o f  ''-10 . I n  a n s w e r  t o  t h i s ,  t h e r e  i s  t h e  e v i d e n c e
. f 77> ^

o j l  r h e  t h e r m a l  d e g r a d a t i o n  o f  PYA i n  w h ic h  t h e

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

a  c h a r g e  s e p a r a t i o n ,  and a l s o  o f  Marks  e t  a l ,  "

who f o u n d  t h e  d i e l e c t r i c  c o n s t a n t  o f  mo-lten '°VC a t
Q

180 0 t o  b e  t h e  same a s  t h a t  o f  n i t r o b e n z e n e  a t  t h e  

s a n e  t e m o e r a t u r e  and  t o  b e  c o n s i d e r a b l y  g r e a t e r  t h a n  

t h a t  o f  t h e  s o l v e n t s  n o r m a l l y  u s e d  i n  s o l u t i o n  

d e g r a d a t i o n .  I t  i s  p o s s i b l e  t h a t  i n  t h i s  c a s e  a  

h e t e r o l y t i c  m ec h a n ism ,  i n v o I v i n g  a 1 l v 1i c  a c t i v a t i o n , 

i s  o c c u r i n g .

B ) . Modes o f  I n i t i a t i o n .

The  c r u c i a l  s te m  in. t h e  r e a c t i o n  i s  o b v i o u s l y  t h e  

i n i t i a t i o n  n r o c e s s ,  t h e  c h a r a c t e r  o f  w h ich  

p r e d e t e r m i n e s  t h e  s u b s e q u e n t  d e g r a d a t i o n  mechanism, 

i . e .  r a d i c a l  i n i t i a t i o n  im o o s e s  a  r a d i c a l  m ech an ism
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u p e n  t h e  d o l y n e r » T h i s  a p p l i e s  l e s s  t o  t h e

u u i m o l e c u l a r  t y p e  b u t  i t  i s  s t i l l  e s s e n t i a l  t o  know

t h e  i n i t i a t i o n  s t e p .  B e c a u s e  o f  t h e  i n h e r e n t

i n s t a b i l i t y  o f  PVC c om oared  w i t h  t h e  e x o e c t e d  q u i t e

h i g h  s t a b i  1 i t y , i t  i s  r e a s  onab 1 e t o  as  sume t h a t

i r r e g u l a r i t i e s  i n  t h e  c h a i n ,  o r  e x t r a n e o u s  i m p u r i t i e s

a r e  c a n  s i n g  t h e  i n i t i a t i o n .

An e x c e l l e n t  r e v i e w  o f  t h e  e x p e c t e d  e f f e c t s  o f

d i f f e r e n t  i r r e g u l a r i t i e s  h a s  r e c e n t l y  b e e n  p u b l i s h e d  
f o q )

by  G-eddes v ' ' and a  b r i e f  a c c o u n t  w i l l  b e  g i v e n  h e r e .

F r e e  c h l o r i n e  a toms c o u l d  n o t  a r i s e  f ro m  t h e

s p o n t a n e o u s  d i s s o c i a t i o n  o f  a  c a r b o n - c a r b o n  b o n d ,
fil l  >w h i c h  r e q u i r e s  80 k . c a l ,  v y .

S t r u c t u r a l  i r r e g u l a r i t i e s  a r e  t h e  o b v i o u s  p o i n t

o f  w e a k n e s s  i n  t h e  m o l e c u l e  and t h e i r  t y p e  and  num ber
( ilo  4 5  4 4  Y

d e p e n d  on p o l y m e r i s a t i o n ,  c o n d i t i o n s  s ? ■ . One

p o s s i b i l i t y  i s  i n i t i a t o r  f r a g m e n t s .  I f  t e r m i n a t i o n  

i s  by  c o m b i n a t i o n ,  e a c h  c h a i n  w i l l  h a v e  two i n i t i a t o r  

f r a g m e n t  en d s  and  t h e  l i n k a g e  a t  t h e  p o i n t  o f  

c o m b i n a t i o n - w i l l  b e  h e a d  t o  h e a d .  I f  b y  

d i s p r o p o r t i o n a t i o n ,  t h e r e  w i l l  b e  one i n i t i a t o r  

f r a g m e n t  p e r  m o l e c u l e  and h a l f  o f  t h e  m o l e c u l e s  w i l l  

h a v e  t h e  o t h e r  end  s a t u r a t e d  a n d  h a l f  w i l l  h a v e  i t



I Z l  .

o n s a t u r a t e d , :ri.ho o t h e r  i m n o p t p p t  t e r rn x ro a t in  

“' r o c s m  i s  c h a i n  t r a n s f e r  t o  itioromer v /h ich  g i v e s  

'v'x/v-Cilp 1P1, 01 + aA/'-OHo -  001 = 01 o
( b .  S ZlfV ' T r c ^ s - ^ e r  t o  p c \ X ^  e r

a s  ohe c h a i n  e n d s  ■- • s ■  ̂ e vb4.e i s  t h e  p r e d o m i n a n t
. OO zl7 zipnt e r n i n a o in g  r e a c t i o n  i n  f'/C r o l y  mem. s a t  io n  5 '■ ‘ ■/ 

end leads  to  branch no in to  in  th e  ro.!vmer, I1"h ̂  

t e r t i a r y  hydrogen i s  th e  most r e a c t i v e  f o r  t h i s  

t r a n s f e r  in  ?VC and thus  the  branch p o in t  w i l l  have 

a t e r t i a n y  c h jo r  ine  atom as in

Q?he d e t a i l e d  s t r u c t u r e  o f  t h e  p o l y m e r  c l e a r l y  

d e p e n d s  u p o n  t h e  r e l a t i v e  t e n d e n c i e s  f o r  t h e s e  c h a i n  

t e r m i n a t i o n  r e a c t i o n s  t o  o c c u r .  S t r u c t u r a l  

a b n o r m a l i t i e s  may a l s o  a n i s e  due  t o  c h a n g e s  o c c u r i n g  

d u r i n g  s t o r a g e  and h a n d l i n g  g i v i n g  i s o l a t e d  c a r b o n -
r/i-9 >

c a r b o n  d o u b l e  b o n d s  and  o x y g e n a t e d  s t r u c t u r e s  .

E x t r a n e o u s  i m n u r i t i e s  may a r i s e  a t  a n y  s t a g e  f ro m  t h e  

i n i t i a l  m a n u f a c t u r e  o f  monomers t o  t h e  n r o c e s s i n g  o f  

t h e  p o l y m e r .

f o r  a  f u l l  s t u d y  o f  a l l  t h e s e  e f f e c t s ,  t h e r e  m us t  

f i r s t  o f  a l l  be  a  q u a n t i t a t i v e  d e t e r m i n a t i o n  .o f  t h e i r
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r e l a t i v e  c o n t r i b u t i o n s  and  t h i s  means v e r y  e x t e n s i v e  

ch  o r  ac  t e r  i  s a t i  on o f  t h e  no l y m e r .

( i . ' «  At C h a in  E n d s  Tyoes  o f  C h a in  E n d s .

C h a in  end  g r o u p s  c o u l d  c a u s e  i n i t i a t i o n  o f  

d e g r a d a t i o n  and  w o u ld  o b v i o u s l y  g i v e  a  d e p e n d e n c e  o f  

t h e  r a t e  o f  d e h y d r o c h l o r i n a t i o n  on t h e  r e c i p r o c a l  o f  

t h e  m o l e c u l a r  w e i g h t .  T h i s  h a s  b e e n  s t u d i e d  f o r  

f r a c t i o n a t e d  ' 5 an d  u n f r a c t i o n a t e d

p o l y m e r s  and shown t o  o c c u r  a t  t e m o e r a t u r e s  b e lo w  

20(5 C an d  w i t h  low m o l e c u l a r  w e i g h t  m a t e r i a l  b u t  

when t h e s e  r e s u l t s  a r e  e x t r a p o l a t e d  t o  i n f i n i t e  

m o l e c u l a r  w e i g h t ,  a  n o n - z e r o  r a t e  i s  o b t a i n e d  w h ic h  

shows t h a t  e n d s  a r e  n o t  t h e  o n l y  i n i t i a t i o n  p o i n t s .  

T h e s e  r e s u l t s  do n o t  p r o v e  a t  w h ic h  o f  t h e  e n d - g r o u r s  

i n i t i a t i o n  i s  o c c u r i n g  and c o n s i d e r a t i o n  m us t  

t h e r e f o r e  b e  g i v e n  t o  t h e  two p r i n c i p a l  end  g r o u p s ,  

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

( a  ) . I n i  t  i  a  t  o r  F r  agme n t  s .

I n  c o m m e r c i a l  o o l y m e r i s a t i o n ,  v a r i o u s  i n i t i a t o r s  

a r e  u s e d  an d  a s t u d y  h a s  b e e n  made o f  d e p e n d e n c e  o f  

r a t e  o f  d e h y d r o c h l o r i n a t i o n  upon  i n i t i a t o r  t y p e .
/ i r \ -  CO rc;z UZjP

I t  h a s  b e e n  shown , t h a t  a z o _
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i n i t i a t e d  'TC l i b e r a t e s  hydrom en  c h l o r i d e  y o r e  r e a d i l y  

t h a n  t h a t  i n i t i a t e d  b y  a. l o w - a c t i v i t y  p e r o x i d e  s u c h  

a s  l a u r o y !  p e r o x i d e ,  'This  r o l y o . e r  i n  t u r n  l i b e r a t e s  

h y d r o y e n  c h l o r i d e  more r e a d i l y  t h a n  t h a t  i n i t i a t e d  

b y  a  h i  ah - a c t i v i t y  o e r  o x i d e  s u c h  a s  b e n z o y l  p e r o x i d e .

U ls te r  g r o u p s  h a v e  beer ,  f o u n d  i n  PVC i n i t i a t e d  

b y  a c e t y l  p e r o x i d e  b u t  h y d r o l y t i c  r e m o v a l  o f  them
("151h a d  no  e f f e c t  on t h e  t h e r m a l  d e h y d ro  c h i  0 3 ? j n a t i o n  v ^ - .

T he  m o d e l  compound f o r  t h e  end g r o u p  2 - c h l o r o p r o p y l

a c e t a t e  d o e s  n o t  decom pose  a t  17° 0 ,  o u t  t h i s  means

v e r y  l i t t l e  a s  i t s  s t r u c t u r e  i s  not .  v e r y  s i m i l a r  t o

t h e  en d  g r o u p  and t h u s  t h e  c h o i c e  o f  m odel  i s  n o o r .

T he  f i r s t  e v i d e n c e  s u g g e s t s  t h a t  i n i t i a t o r  f r a g m e n t s

i n  t h e m s e l v e s  do i n s t i g a t e  t h e r m a l  d e h y d r o c h l o r i n a t i o n .

T h e  p r o b a b l e  mode o f  a c t i o n  o f  i n i t i a t o r

f r a g m e n t s  w o u ld  be  b y  b r e a k a g e  o f  a  w eak  b o n d  in. t h e

f r a g m e n t  t o  g i v e  an  ad k o x y  and a  m acro  r a d i c a l

R -  0 0 o -  CH9 -  CHC1~W — > R -  C0« OC?l ?  ~ C H C l ' ^ ro

I f  an. a l k o x y  r a d i c a l  i s  p r o d u c e d  w h ic h  a b s t r a c t s  a

s e c o n d a r y  hydrogen ,  i n  PVC, t h e  macro r a d i c a l  o f  
( On ^- / i n k i e r  1 s - • " o p a .g a t io n  s tem  i s  p roo .uced

vruanCIiCl -  CH -  GHCl -  0H o  -  GFiCl -  C H p ^ ^
(2 n  go i _ , , ,

P o r  t h i s  t o  o c c u r  i t  m us t  b e  a s su m e d  " J ' ' '  t h a t  t h e
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ol .uoyv r a d i c a l  p r e f e r s  t o  a b s t r a c t  t h e  s e c o n d a r y

hyd rn m e n  „ x t  h a s  b e e n  s h o rn  . h o w e v e r  t h a t  n r  l i  k e’ 2>
t h e  c h l o r i n e  a t  om w h ich  d o e s  a r e  t e r  t h e  s e c nr d a r ^ r

h y d r o y e n ,  t h e  a l k o x y  r a d i c a l  g i v e s  p r e f e r e n c e  t o

t h e  t e r t i a r y  h y d ro  y en  ' , However ,  o n l y  a

s m a l l  amount  o f  s e c o n d a r y  a b s t r a c t i o n  i s  n e c e s s a r y

t o  o r o d u c e  a  c o n s i d e r a b l e  amount  o f  d e h y d r o c h l o r i n a t i o n ,

i f  t h e  k i n e t i c  c h a i n  o f  d e h y d r o  c h l o r i n a t i o n  i s  l o n g .

t h e  t e r t i a r y  r a d i c a l s  w i l l  a c t  a s  t e r m i n a t o r s , o r

c o m b i n a t i o n  s i t e s  t o  g i v e  t h e  c r o s s l i n k s  w h ic h  a r e

f o u n d  i n  m a t e r i a l  d e g r a d e d  i n  n i t r o g e n  o r  
n  5 q g  5 5  >

vacuum  v ^ 5 7 ^ y . f r e e  c h l o r i n e  a tom s may oe 

f o r m e d

-•■> o j_ _ qjt _ r y g i  _ qv ̂

\AuCH -  CH -  CRC1 CHo^—̂  RCH -  CH = CH -  0Ho~ ^  + C l 

a u d  w o u ld  b e  fo rm e d  more  r e a d i l y  i f  t h e  a  H y l i c  

g r o u o  was  t  e r  m ina  1.

B e f o r e  t h e  r o l e  o f  i n i t i a t o r  f r a g m e n t s  c a n  be 

e s t a b l i s h e d ,  some m ethod  m u s t  be  d e v e l o p e d  f o r  

m e a s u r i n g  t h e i r  c o n c e n t r a t i o n . .

R a z u v a e v   ̂ h a s  u s e d  r a d i o t r a c e r s  t o  s t u d y  

t h e  i n i t i a t i o n  i n  p o l y m e r i s a t i o n  o f  VC and  a



s:i m i l a r  t e c h n i q u e  -.night be  u s e f u l  a l t h o u g h  no one 

h a s  y e  t  u s e d  i t .  The c o n c e n t r a t  i o n  o f  i n i t i a t  o r  

f r a g m e n t s  n e e d  n o t  be d i r e c t l y  r e l a t e d  t o  t h e  oxygen  

c on t  e n t  , as  t h  e 1 a t  t e r  d o e s  no t

d i s t i n g u i s h  i n i t i a t o r  f r a g m e n t s  f ro m  o x i d i s e d  

s t r u c t u r e s  i n  t h e  c h a i n .

( n ) . Tin s a t  o r  a t  ed  Gr o n u s .

Tin s a t u r a t e d  end g ro u u s  a r e  t h e  r e s u l t  o f
( h 5  Lif, \

t e r m i n a t i o n  b y  d i s u r o n o r t i o n a t i o n  o r  t r a n s f e r  v J

a n d  c p r b o n - c a r b o r  d o u b l e  b o n d s  i n  PYO h a v e  b e e n
( p O ~

d e t e c t e d  ? ' and  q u a n t i t a t i v e l y - m e a s u r e d  by  
(60  >l e n g o u g h  ' " J b y  e s t e r  e x c h a n g e  w i t h  a l l y  l i e

( go
c h l o r i n e .  T h i s  work  ' v' -~ '  showed an u n e x p e c t e d l y

h i g h  num ber  o f  a l l y l i e  g r o u u s  i n  low m o l e c u l a r

w e i g h t  m a t e r i a l ,  w h ic h  c o u l d  e x o l a i n  t h e  an o m a lo u s

d e h y d r o c h l o r i n a t i o n  b e h a v i o u r  o f  low m o l e c u l a r

w e i  g h t  m a t e r i a 1 .

S u p p o r t  f o r . t h e  a l l y l i c  c h l o r i n e  i n i t i a t i o n

s i t e  comes m a i n l y  f ro m  t h e  a s s u m p t i o n  t h a t  t h e
, . (8  10,25"*a l l y l i c  c a r b o n - c h l o r i n e  b o n d  i s  more  l a o i l e  • ’ ~ ' .

f  (Z1 >
M odel  compounds  decom pose  more r e a d i l y  t h a n  t h e

c gO ^
s a t u r a t e d  a n a l o g u e s  v J'~'' and ha.ve e n e r g i e s  o f

j_ • ryrrn f 5 1 « 2 6 , 6 5 , 6 4 , 1 4 6 ^  a c t i v a t i o n  c o m n a r a o l e  no oh a t  m  :J !C
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T h e s e  m o d e l s  a r e ,  h o w e v e r ,  p r o n e  t o  n e r o x i d a t i o n

a n d  t h i s  c o u l d  w e l l  be  an i n n  o r  t  a n t  f a c t o r .  The

o . i t x e r e n c e  o e tw e e n  two s e t s  o f  r e s u l t s  J • shows

t h e  i m p o r t a n c e  o f  p u r i f i c a t i o n .

The a s s u m p t i o n  made t h a t  a l l y l i c  g r o u u s

e l i m i n a t e  h y d r o g e n  c h l o r i d e  r e a d i l y  i s  n o t

n e c e s s a r i l y  t r u e  a s  t h e  d i s s o c i a t i o n  e n e r g y  
, ( 4 1 )

q u o t e d  v ‘” ' f o r  t h e  a l l y !  c a r b o n - c h l o r i n e  b o n d  o f  

>8 k . c a l / m o l e  i s  b a s e d  on  v e r y  l i t t l e  e v i d e n c e .

M i ld  c h l o r i n a t i o n ,  c a u s i n g  no s u b s t i t u t i o n .
t  -■ 7

s  t  a b i  1 i s  ed '■ t h  e po l y m e r . 0  z o n i s  a t i  on o f  t h e

v i r g i n  p o l y m e r  gav e  v e r y  l i t t l e  d r o p  in  m o l e c u l a r

w e i g h t  b u t ,  i n  s u i t e  o f  t h i s ,  0.0,055'  u n s a t u r a t i o n

c o u l d  b e  i n  t h e  p o ly m e r  c h a i n  and  n o t  t e r n i n a l ; w h ich

i s  2 0 5  o f  t h e  m e a s u r e d  u n s a t u r a t i o n .  The p r e s e n c e

o f  t e r m i n a l  d o u b l e  b o n d s  was shown b y  t h e  f a c t  t h a t

f o r m a l d e h y d e  was p r o d u c e d  on o z o n o l y s i s .

S t r o m b e r g ’ s scheme r e q u i r e s  f r e e  c h l o r i n e

a to m s  t o  b e  o r o d u c e d  w i t h  a n  e n e r g y  o f  a c t i v a t i o n  o f

4 0 - 6 0  k . c a l / m o l e  and  t h e ' a l l y l i c  c h l o r i n e  bond  e n e r g y
( 6 6 )h a s  b e e n  c l a i m e d  a s  60 k . c a l . / m o l e  3f*

( 6 6 Ni r r a d i a t i o n  r e m o v e s  h y d r o g e n  c h l o r i d e  y t h u s  a

n o l y m e r  u r e u a r e d  b y  i n i t i a t i o n  b y  y i r r a d i a t i o n  i s



2 C *

i'-'jMQ T- - 1  saours.t ed than 'ohb.t o reoar  ed "by peroxide  

i n i t i a t i o n ,  T i n i t i a t e d  polymer i s  more s t a b l e ,  

h r ”, 'ever, than  peroxide  i n i t i a t e d  no lymer, imp ly ing  

t h a t  th e  d eg rad a t io n  i s  not  c r i t i c a l l y  dependant 

upon a l l y l i c  c h l o r i n e s .

The s t a b i l i t y  of  a l l y !  c h lo r id e  i t s e l f  was used 

as ev idence  a g a in s t  n.nimolecular e l im in a t io n

a t  c h a in  ends in  w g  hut  th ey  could a c t  as secondary
-  -  •  ( 2 'i n i t i a t i o n  s i t e s  r e a c t i n g  with occluded r a d i c a l s '  J

or  w ith  r a d i c a l s  de r ived  from d i s s o c i a t i o n  of  we ale 

l i n k s .

( i i ) .  P o s s ib le  S i te s  P i th in  The Chain.

./hen th e  r a t e  i s  p l o t t e d  a g a in s t  the  in v e rse  of

th e  m olecu lar  weight  a s t r a i g h t  l i n e  i s  ob ta ined

which does n o t  g ive zero r a t e  when e x t r a p o la te d  to

i n f i n i t e  m olecular  weight ' .  This shows t h a t

n o t  a l l  t h e  i n i t i a t i o n  occurs a t  cha in  ends. More-
/  o 5 N

over ,  Baum and :.7 a r t  man showed t h a t  removal of

th e  ca rbon-ca rbon  double bonds reduced the  r a t e  by 

50%, f u r t h e r  evidence t h a t  some o th e r  type of i n i t i a t i o n  

s i t e  must be p r e s e n t .  These o th e r  s i t e s  must l i e  

i n  t h e  nolymer cha in ,  and branch p o in t s  a r e  most 

s t r o n g l y  su sp e c ted  al though o ther  p o s s i b i l i t i e s
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must be c o n s id e red .

( a ) .  3ranch Poini s .

The p resence  o f  branch p o in t s  was p r e d ic t e d  

from th e  k i n e t i c s  of t r a n s f e r  to  dead nolymer d u r ing
i • (LLfsjm  Zj.8>noiymerxsaoxon • ' ' • ' and has oeen confirmeo.

on 1 y o u a l l t  a t i v e l y ,

"Reaction with l i th iu m  aluminium hydr ide  g ives  

a. hydrocarbon no Inner  w ith  a mo leer  1 nr weight r>0'"

r e a r r  r u e rnenv ( i"1 c r

of ch a in  ends oer  molecule i s  very  much g r e a t e r  than

two ♦ D ev ia t ion  from a l i n e a r  c o r r e l a t i o n  of w eight

average m olecu lar  weight end i n t r i n s i c  v i s c o s i t y  in
( gq >

f r a c t i o n a t e d  P/C have been a t t r i o u t e d  ■ ' to  1ong

branched molecules in  th e  high mol ecu bar weight  

f r a c t i o n s .

T ra n s f e r  to  P o ly m er  occurs by a b s t r a c t i o n  ox 

t e r t i a r y  hydrogen to  give a r a d i c a l  which adds monomer 

to  fjj yo n h r  arch a t  a c arb on bea r ing  a. t e r t i a r y  

c h l o r i n e  atom. Tf t  h° po lym eris ing  r a d i c a l  i s  ad so 

capab le  of  a b s t r a c t i n g  a c h lo r in e  atom or a secondary 

hydrogen atom, t h r e e  s t r u c t u r e s  are  p o s s ib le

( r y  r \ y
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T e r t i a r y  c h lo r in e s  have been shown to  be
( f q

c o n c e n t r a t e d  in  the  high molecular  weight m a te r ia l^  '

as might be expected from the  dependence of  r a t e  upon

th e  in.ve r s  e of mo 1 e cti 1 a r  we i  gh t  .

The p r e d i c t e d  therm al l a b i l i t y  of th e  t e r t i a r y

c a rb o n - c h lo r in e  bond a t  a .b ranch  p o in t  i s  based on
(7} >

analogy w i th  the  r e a c t i v i t y  to  solve  l y s i s
y y  , ,

Kharasch v-  ̂ has argued t h a t  t h i s  i s  nor va .id as



t h e r e  i s  a dec rease  i ” e l e c t r o n e g a t i v i t y  from 

secondary  c a r b o n  to  t e r t i a r y  carbon bu t  t h i s  i s  more 

than  compensated by an in c r e a s e  in  t h e  p o l a r i t y  of 

th e  c a rb o n - c h lo r in e  bond, which i s  in c re a s e d  in  

s t r e n g t h  by the  p a r t i a l  io n ic  c h a r a c t e r .  Thus the  

t e r t i a r y  c h l o r in e  i s  l a b i l e  to  h e t e r o l y s i s  bu t  not 

homolysis  bu t  may, in  PVC, be invo lved  as a 

secondary  s i t e  of  i n i t i a t i o n *  The high a c t i v i t y  of  

the  t e r t i a r y  c h l o r in e  in  h e t e r o l y t i c  r e a c t i o n s  has 

been n u t  forward as evidence f o r  the  io n ic  n a tu r e  of
JL- 1

(no >
he dehvdroch1or in  a t i o n  '

(7. \
Dru.esdow claimed t h a t  th e  t e r t i a r y  c h lo r in e

s t r u c t u r e s  gave, by dehydrochlor  i n a t i o n  or h y d ro ly s i s

and d eh y d ra t io n ,  a l l y l  c h lo r in e  groups which i n i t i a t e

th e  d e h y d ro c h lo r in a t io n .  .Then p o ly m e r i sa t io n  i s

c a r r i e d  t o  g r e a t e r  th an  Ipp convers ion ,  thus

in c r e a s in g  th e  amount of  b ranch ing ,  th e  r a t e  of

d e h y d ro c h lo r in a t io n  of th e  product  i s  a l s o  in c re a s e d ,  
( o a owhich im p l ies  v t h a t  b ranches  are  a c t in g  as p o in t s  

o f  i n i t i a t i o n .

A c la im  t h a t  lo s s  of  hydrogen c h l o r id e  was 

d i f f i c u l t  u n t i l  a c t i v a t e d  'by  two con jugated  ca rbon-  

carbon double bonds was based on copolymers of VO 

and 2. -  ch loroorooene  in  which th e  r a t e  of ev o lu t io n
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of hydrogen c h l o r id e  i s  p r o p o r t i o n a l  to  the square  

of th e  mole f r a c t i o n  of  2 -  chloroprop-ene, which i s  

c la im ed to  be a measure of th e  number of 

a d j a c e n t  co-monomer u n i t s .

In  o o ly  (& -  ch lo ro  a c r o y l o n i t r i l e  ) , which may 

be c o n s id e re d  as s u b s t i t u t e d  PVC, the  c a rb o n -c h lo r in e
(H'A )bona s t r e n g t h  i s  lowered to  60 k . c a l . / m o l e  v' ' which

r e s u l t s  in  in c re a se d  i n i t i a t i o n ,  g iv in g  a h igher  r a t e  

o f  hydrogen c h l o r id e  e v o lu t io n .

The behav iour  o f  t e r t i a r y  c h lo r in e  s t r u c t u r e s  

in  d e h y d ro c h lo r in a t io n  i s  more in keeping w ith  the 

un i  molecular  mechav ism r a t h e r  than the- r a d i c a l  one 

s in c e  th e  form ation  of a r a d i c a l  a t  t h a t  n o in t  i s  

e n e r g e t i c a l l y  unfavourab le -  bu t  the  s t r u c t u r e  may 

lo se  hydrogen c h l o r id e  to  g ive  a l l y l  groups which 

are  a requ irem en t  common to  both  mechanisms.

(b ) .  Random U n s a tu ra t io n .

E l im in a t io n  o f  molecules of hydrogen c h lo r id e  

by the  a c t io n  of n u c l e o p h i l i c  r e a g e n ts  dur ing  

p r e p a r a t i o n  and s to r a g e  of oolymers would lead to  

ca rbon-ca rbon  double bonds i n  the  polymer cha in .

Small  c o n c e n t r a t io n s  of  ca rbon-carbon  double bonds
(O Q.')have been found ' “ ’ 'J ' and an i n d i r e c t  d e te rm in a t io n
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r> . r ° s  ^n i  t h e i r  c o r  c en b r a t  ion. h a s  b e en  e.c c c m  l i  r  h  ed y 

b v  o z o n e  I t s  i 0  and  mo! ecu 3 r>r» wci n h t  neg s m o m e u t s  

T h i s  s t r u c t u r e  h a s  s t i l l  t o  b e  shown t o  be  an 

i n i t i a t i o n ,  s i t e  b u t  i t  h a s  t h e  same c l a i m  as  

t e r m i n a l  d o u b l e  b o n d  g r o u p s  a n d ,  f u r t h e r m o r e ,  i s
r piil i a b l e  to  o x id a t iv e  a t t a c k   ̂ to  y i e l d  n o s s ib ly

ao t  i  ve s t r u c t u r e s  c on t  a i r  in  g c orb j.:n -oxygen b onds .

(c}„ O xid ised  S t r u c t u r e s .

The ev idence  f o r  i n i t i a t i o n  by o x id ise d

s t r u c t u r e s  i s  in c o n c lu s iv e  bu t  th e y  could c o n s t i t u t e

i n i t i a t i o n  s i t e s  w ith  a low energy of a c t i v a t i o n .

PVC has no t  been s tu d i e d  in  t h i s  d i r e c t i o n  but o th e r  
f 7  3  mg yy 7 3 ^oolymers have j  ̂j • -■ t a n o s s i b le  r easo n  f o r

h i s  omission  i s  th e  com plica ted  o a t t e r n  o f  thermo -

o x id a t iv e  breakdown i n  PVC. The hydroneroxide of

po lypropy lene  forms under very  mild cona iu ions  ' J
( ? r  ^and can be o rep a red  through th e  brominated nolymer^J - 

which i s  s i m i l a r  to  PTC.

P robably  th e  b e s t  method of e s t im a t in g  

hydronerox ides  i n  PVC i s  by r e a c t i o n  with  f e r r i c
( o 1 0 0  pp "\ T 1 1 ^t h io c y a n a te  v J 5 - and up to  f>00 p .p .m . x ~ '

has been found. PYC of low p a r t i c l e  s i z e  may 

o x id i s e   ̂ ŵ ^henols  in  th e  absence of cyvgen which
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i s  e x p l i c a b l e  by th e  e x i s te n c e  of oerox ide  g ro u u s •

Trace  m eta ls  give an in c r e a s e  in  r a t e  of

d ehydr o ch l o r  in  a t  i on * 0 0  s s  ib  ly  by c a t  a 1 y t  i  c
(on  >decom posi t ion  of th e  hydroperoxide ' " - .  Pecanse 

of th e  cons tancy  in  r a t e  of  d eh y d ro ch lo r in a t io n  over

p e r io d s  o f  hours  0 ,2 6 , .5 1 ,5 4 ,9 2 ,3 4 ,8 5 )  one mugt

conclude t h a t  e i t h e r  th e  c o n c e n t r a t io n  of perox ide  

remains c o n s t a n t w h i c h  means t h a t ,  u n l ik e  most 

p e ro x id e s ,  i t  i s  s t a b l e ,  or  a ran  i d  decomposit ion of 

p e ro x id e  t a k e s  o la c e  w ith  no t e rm in a t io n .  I t  has
(7.0 >r e c e n t l y  been shown y t h a t  r e l a t i v e l y  s t a b l e  

n e ro x id e s  are  canab le  of  i n i t i a t i n g  the  lo s s  of  HC1 

from PYO a t  e l e v a t e d  tem pera tu res  w i thou t  the  

n e c e s s i t y  of  b e ing  in c o rn o ra te d  in  the ch a in .

I t  I s  i n t e r e s t i n g  t o  n o t e  t h a t  p o l y  ( c h l o r o p r e n e ) 

l o s e s  HC'l a t  14I)°C o n l y  when m a r t i a l l y  o x i d i s e d .

The i n i t i a t i o n  by o x id is e d  s t r u c t u r e s  i s  

d i f f i c u l t  to  c o r r e l a t e  w i th  a un im olecu lar  mechanism 

b u t  i t  i s  ideal, f o r  a r a d i c a l  mechanism.

( d ) .  Head -  t o  -  H ead  U n i t s .

Head -  to -head  s t r u c t u r e s .have been c i t e d  as 

i n i t i a t i o n  s i t e s  f o r  a m olecular  cha in  and th e s e  

could  a c t  by a b s t r a c t i o n  of a t e r t i a r y  hydrogen atom



m acro rad ica l  to  g ive  a ca rbon-carbon  double bond and
(OP ''

a f r e e  c h l o r i n e  r a d i c a l  as r e q u i r e d  ^ ' • by Barton*s 

scheme ,

However, coim l a t e l y  5’Head -  to  — Head1’ PYO can
( 0 7 N.be made by c h l o r i n a t i o n  of brans - 1 , 4 -  no lybu tad iene^  '' ' 

The s t a b i l i t y  of  t h i s  p roduct  i s  o n l y •s l i g h t l y  l e s s  

th an  t h a t  o f  PYC, su g g e s t in g  t h a t  a s i n g l e  h ead - to -h ead  . 

u n i t  i n  1000 i s  u n l i k e l y  to  have much e f f e c t .

C e ; .  S t e r e o r e g u l a r i t y .

The e f f e c t  of  s t e r e o r e g u l a r i t y  on t h e  thermal
(541s t a b i l i t y  has oeen s tu d i e d  by vary ing  the  c a t a l y s t  v"

o r  p o ly m e r i s a t io n  tenner  a tu re  bu t  any e f f e c t s

of  s t e r e o r e g u l a r i t y  ach ieved  are  sm all  and

overshadowed by the  in f lu e n c e  of o th e r  ag e n c ie s .  I t
con

i s  known i n  g e n e ra l  v 1 ' .  bu t  no t  e x p l i c i t l y  in  PYC, 

t h a t  c r y s t a l l i n e  r e g io n s  i n  polymers a re  l e s s  r e a d i l y  

o x id i s e d  th a n  amorphous r e g i o n s , This would sugges t  

t h a t  s t e r e o r e g u l a r i t y  should  have some e f f e c t .

( f ) .  Extraneous I m p u r i t i e s .

Extraneous  im p u r i t i e s  may cause much in c re a se d  

d e h y d ro c h lo r in a t io n  ' 19 ~~L u ' 7 '  and c a r e f u l

p u r i f i c a t i o n  ^ 4 , 5 6 )  c h a r a c t e r i s a t i o n  of th e
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polymer i s  n e c e s s a ry  to  e l im in a te  th e se  e f f e c t s .

G ) . T e rm in a t io n .

The o th e r  s t a g e  o f  th e  d eh y d ro c h lo r in a t io n  

r e a c t i o n  which has to  be c a r e f u l l y  s tu d ie d  

m e c h a n i s t i c a l l y  i s  the  t e rm in a t io n  r e a c t i o n  which 

c o n t r o l s  th e  f i n a l  polyene leng th  and the  k i n e t i c  

ch a in  leng th  i n  a r a d i c a l  mechanism.

The average  polyene sequence length  has been
, , , n P  7 on q *] "')r e p o r t e d  as seven to twelve ^ anq t h i s

shows t h a t  some agent i s  P re v en t in g  th e

d e h y d ro c h lo r in a t io n  p rocess  going r i g h t  a long th e

polymer c h a in .  This  s toppage could be caused by

i r r e g u l a r  i f  :1 es i n  th e  polymer ch a in ,  as i n e r t
( z n Nigroups i n h i b i t  th e  ex tens ion  of t h e  Polyene ch a in  ^  

but  i t  i s  most u n l i k e l y  t h a t  th e  i r r e g u l a r i t i e s  would 

occur w i th  s u f f i c i e n t  f requency  to  account f u l l y  f o r  

th e  sm all  average leng th  of double bond sequences.

The u n im o lecu la r  mechanism has s t r o n g  suppor t  

he re  i n  t h a t  a f t e r  2 to  p e l im in a t io n s  the  a l l y l i c

a c t i v a t i o n  i s  claimed to  become weaker and t h i s
• • . ( 2 o ^limxus th e  sequence leng th  '

In  th e  r a d i c a l  mechanism two t e rm in a t io n  s te p s  

a re  p o s s i b l e ,  namely t e rm in a t io n  and t r a n s f e r .
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7h ie h ev e r  o f  th e s e  i s  predominant vouId depend 

la rg e ? y  upon th e  tem pera tu re  and th u s ,  i f  t h i s  wore 

the  ease ,  th e  co lou r  should varv  w ith  r e a c t i o n

te m p e ra tu re  b u t  t h i s  has never  been in v e s t '1*gated
( 1 0 )

stpumoera * p o s tu l a t e d  th r e e  t e rm in a t io n

S T, 0 P  S

R-  > HOI (2)

R -  R®  a  R -  R ( 3 )

and, by n e g l e c t i n g  (2)  and (3) showed tha.t the  r a t e

o f  d e h y d ro c h lo r in a t io n  was p r o p o r t i o n a l  to  monomer

c o n c e n t r a t i o n  to  th e  power 1*5. This he v e r i f i e d
( n p  j

e x p e r im e n ta l ly  as d id  G rass ie  aha Grant v • x y f o r  

p o ly  ( & c h lo ro  a c r v l o n i t r i l e )  bu t  th e  measurements 

i n  both  cases  were c a r r i e d  out a t  about 5nh 

d e g ra d a t io n  and a t  a high tem pera tu re  and thus may 

no t  produce th e  same r e s u l t  as would be found a t  lower 

te m p e ra tu re s  and lower ex te n t s  of d eg rad a t io n .  This
( O r  1 ^was i l l u s t r a t e d  by fengough *’■r° '  who found the

r a t e  to  be f i r s t  o rder  i n  monomer u n i t  c o n c e n t r a t io n ,  

a t  lower te m p era tu re s  and a c l o s e r  s c r u t i n y  of
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I t r o n b e r g ’s scheme i s  t h e r e f o r e  c a l l e d  f o r .  The 

b?If* o rde r  i s  in t ro d u ce d  s o l e l y  by r e a c t i o n  1 which

i s  co n o m a tro n  ox two c h lo r in e  atoms h i s  i s

u n l i k e l y  because of  t h e i r  high r e a c t i v i t y  and low

c o n c e n t r a t i o n .  Also c h l o r in e  has never  been

d e t e c t e d  i n  th e  r e a c t i o n  p roduc ts  ( p o s s ib ly ,  however

i t  could  add to  u n s a tu r a te d  p r o d u c t s ) .
. . .  ,  _ ( 2 0 )•..'inkier v‘ ' '  sugges ted  a s e t  o f  t r a n s f e r  and 

t e r m in a t i o n  r e a c t i o n s ,  t h e i r  r e l a t i v e  importance 

depending on th e  tem p era tu re ,  bu t  a l l  of  which l i m i t  

th e  p olyene s e ouence 1e n g t h .

Cl .OU „  ( H O l ^ 'CHp -  001 CP

m O HOl^^ —̂  HG1 -  C U C J n ^  (

( 3 )

OH -  OHO1 -vvuvGH: CH01~W r '

-w w C I — CH( 0. / w w O H H O :  — CHOI (5

R e a c t io n  (1) i s  a t r a n s f e r  r e a c t i o n  in  t h a t  th e  

t e r t i a r y  m ac ro rad ica l  formed i s  capable  of
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ab. " t r a c t i n g  a  s e c o n d a r y  h y . ' r o g e n  f ro m  a n o t h e r  c h a i n .  

T h i s  r e a c t i o n  w o r l d  become a  t e r m i n a t i o n  r e a c t i o n  

i f  t h e  m a c r o r a d i c a 1 t h e n  co m b in ed  w i t h  a n o t h e r .  

R e a c t i o n  ( 2 )  i s  a  p u r e  t r a n s f e r  r e a c t i o n  and  l i m i t s  

t h e  n o l y e n e  s e q u e n c e  l e n g t h .  R e a c t i o n s  ( 3 )  a n d ' ( 4 )  

a r e  f e r n  i n  a t i  on. s t e p s . r e a c t i o n  (4 ^  r e s u l t i n g 1 j p  a  

c r o s s l i n k  i f  t h e  r a d i c a l .  X i s  a - p o l y m e r  r a d i c a l .

The m os t  common e x p l a n a t i o n  f o r  c r o s s  l u r k i n g  i s
fo  4

t h e  c o m b i n a t i o n  o f  p r o p a g a t i n g  p o l y m e r  r a d i c a l s  • 

D ru esd o w  7 g a v e  s e v e r a l  exp Ian  a t i  o n s i n c l u d i n g  

c o po l y w e r i s a t i o n  o f  p o l y e n e  c h a i r s  and  R i e l s  — A l d e r  

r e a c t i o n s  b u t  t h e  m o s t  p o p u l a r  r e a c t i o n  w i t h  

s u p p o r t e r s  o f  t h e  u n i m o l e c u l a r  m echan ism  i s  

i n  t e r m o l e c u l a r  c o n d e n s a t i o n  w i t h  l o s s  o f  h y d r o g e n
(Li 3  >

c h l o r i d e  ~ ' 7 / a Such a  r e a c t i o n  w o u ld  p r o b a b l y  

r e q u i r e  a  h i g h l y  r e a c t i v e  c h l o r i n e  a to m ,  s u c h  a s  an

a l l y  l i e  c h l o r i n e ,  t o  g i v e  c r o s s  l i n k i n g .

I t  h a s  b e e n  s u g g e s t e d  t h a t  c r o s s  l i n k i n g  i s
( p \

f a v o u r e d  i n  s t e r e o r e g u l a r  p o l y m e r s  '  w h ic h  h a v e  a 

more  f a v o u r a b l e "  s p a t i a l  a r r a n g e m e n t  o f  p o ly m e r  

m o l e c u l e s  t o  g i v e  t h e  c r o s s  l i n k e d  s t r u c t u r e .

-v/x/ipCHp -  OH -  .dll2 -  CF01 

-  CGI -  0Ho -  CHC1

on l y
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w h i c h  i s  c a p a b l e  o f  i n i t i a t i n g  t h e  l o s s  o f  h y d r o  gen  

c h l o r i d e  i n  f o u r  d i r e c t i o n s .  T h i s  w o u ld  s u g g e s t  

t h r t  c r o s s l i n k i n g  w o u ld  be  a c c o m p a n ie d  by  an  i n c r e a s e  

i n  r a t e  of. d e h y d r o c h l o r i n a t i o n  an d  t h i s  h a s  b e e n ,  

d emons t r a t  ed  ' e x p e r i m e n t a l l y .
/  tr- \

f e r g o u g h  c o n c l u d e d - t h a t ,  a s  a z o - b i s -  

i s o b p t y r o n i t r i ?  e h a d  no  e f f e c t  on. t h e . r a t e  o f  

c r o s s l i n k i n g ,  t h e  r e a c t i o n  was n o n - r a d i c a l .  He 

a l s o  c o n c l u d e d  t h a t  i t  was  m e c h a n i s t i c a l l y  u n r e l a t e d  

t o  t h e  z i p p e r  d e h y d r o c h l o r i n a t i o n  s i n c e  s t a b i l i s e r s  

f o r  t h i s  r e a c t i o n  i n  g e n e r a l  h a v e  no e f f e c t  on 

c r o s s l i n k i n g .

I n  u n s t a b i l i s e d  p o l y m e r ,  c r o s s l i n k i n g  i s  o f  no 

r e e k  i m p o r t a n c e  i n d u s t r i a l l y  s i n c e ,  by  t h e  t i m e  i t s  

e f f e c t s  become n o t i c e a b l e ,  t h e  p o l y m e r  h a s  become 

c o l o u r e d  a n d  t h u s  u n a c c e p t a b l e . I n  s t a b i l i s e d  

p o l y m e r ,  h o w e v e r , w h e re  c o l o u r  i s  i n h i b i t e d ,  t h e  

e f f e c t  o f  c r o s s l i n k i n g  may be  o f  c o n s i d e r a b l e  

i m p o r t a n c e  v .

D ) . E f f e c t  o f  A t m o s p h e r e .

( i ; .  O xygen .

The  e f f e c t  o f  o x y g en  o r  t h e  d e g r a d a t i o n  o f  PVC 

i s  v e r y  p r o n o u n c e d  i n  t h a t  i t  i n c r e a s e s  t h e  r a t e  o f
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d e h y d ro o h  l o r i n s t i o n  ( 5 , 4 , 2 5 , 2 6 , 5 0 , 6 5 , 6 4 , ? 2 , 8 8 , 9 2 ) ; 

b l e a c h e s  t h e  d e g r a d e d  uolymer- ( 4 , 8 , 2 5 , 2 6 , 5 6 , 6 5 , 9 5 '*  

and r e d u c e s  t h e  m o l e c u l a r  r ; e i g h t  O ’>4> ° u , . V ' _

Bleaching  may ait t im es  be advantageous bu t  may 

be o f f s e t  by an in c re a s e d  r a t e  of  deb^droch) e r i n a t i o n  

'To charge i n  m olecu lar  weight may be o b ta ined  in  

the rm a l  t r e a tm e n t  i f  th e  r a t e  of  s c i s s i o n  i s  made 

equa l  to  th e  r a t e  o f  format3*on o f  c r o s s l i n k s  by 

c a r e fu l  i . -m im la t ion  o f  o x id a t iv e  ch a i r  s c i s s i o n •
r 7 \

There i s  exper  in e n ta  1 evidence ' f o r  in c re a se d  

r a t e  of  dehydroch l o r i n a t i o n  by the  small amounts of 

oxygen, p r e s e n t  i n  t e c h n i c a l  arp.de n i t r o g e n  compared 

to  h ig h ly  pure  n i t r o g e n .  In. a i r  or pure oxygen, th e  

r a t e  of d e h y d ro c h lo r in a t io n  i s  a c c e l e r a t i n g  and t h i s  

has to  be borne i n  mind when p o s t u l a t i n g  a mechanism*
(  UO 3

I f  has been shown ~ t h a t  the  r a t e  of 

d e h y d ro c h lo r in a t io n  i s  p r o p o r t i o n a l  to  th e  square of  

oxygen, p r e s s u r e  bu t  th e se  measurements were a t  high 

tem p era tu re  and pOf d e g ra d a t io n .  In s o lu t io n  

d e g ra d a t io n s  no change in  r a t e ,  was r e p o r t e d  when 

th e  c a r r i  op r a s  we0 blown over th e  s u r fa c e  of theCl  ̂ v_7

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

r  e a  c t  i  o n  s i t e  w ou Id  p r  o b ab  l y  b e 1 i  1 1 1 e ch on g e d .



o f  PYG c a n n o t  u s e f u l l y  be  made i n  oxygen b e c a u s e  o f  

t h e  i n c o m o r a t i  on o f  o x y g en  i n t o  t h e  n ' o l y n e r ..

O x i d a t i v e  d e g r a d a t i o n  i s  u s u a l l y  a  r a d i c a l  

n r o c e s s  and  t h u s  t h e  i n c r e a s e d  r a t e  o f  

d e h y a r  o c h l o r i n a t  i o n  i n  o x y g e n  p r o d u c e s  a  p r o b le m  f o r  

t h e  s u p p o r t e r s  o f  t h e  u n i m o l e c u l a r  t h e o r y .  T h i s  h a s ,  

h o w e v e r  b e e n  e x p l a i n e d  away b y  c l a i m i n g  t h a t  i t  i s  

c a u s e d  by  o x y g en  a t t a c k  on t h e  P o ly m er  t o  f o r m  l a b i l e
( 4 , 2 5 , 9 5 )s i t e s  ' ' ; However, hydroquinone, which has

no e f f e c t  on  t h e  r a t e  i n  n i t r o g e n ,  r e d u c e s  t h e  r a t e
( uz> 7 p

m  oxygen almost to  th e  same as t h a t  m  n i t r o g e n  w ’
(72)

&

a n d  t h i s  h a s  b e e n  i n t e r p r e t e d  w ‘~ ' a s  c a u s e d  by  a

n o n - r a d i c a l  r e a c t i o n  i n  n i t r o g e n  on  w h ic h  i s

s u p e r i m p o s e d  an  o x y g e n  -  c a t a l y s e d  r a d i c a l  r e a c t i o n .

The  r a d i c a l  d e h y d r o c h l o r i n a t i o n  t h e o r y  i s  e a s y
( o n  go

t o  r e c o n c i l e  w i t h  o x i d a t i o n .  A s c re m e  v ' ’ " ' * '  j 

h a s  b e e n  p u t  f o r w a r d ,  F i g . ! . ,  i n  w h ic h  o xygen  adds  

t o  a  p r o p a g a t i n g  m a c r o r a d i c a l  t o  g i v e  a  o e r o x y
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r a d i c a l  w h ic h  a b s t r a c t s  a  s e c o n d a r y  h y d r o g e n  f ro m  a

PYG c h a i n  t o  g i v e  a n o t h e r  r a d i c a l  c a p a b l e  o f

■ p ro p a g a t io n  . The h y d r o p e r o x i d e  may decom pose  i n t o

two r a d i c a l s  e a c h  c a p a b l e  o f  a b s t r a c t i o n  o f  h y d r o g e n

g i v i n g  t h r e e  k i n e t i c  c h a i n s  f r o m  o n e ,  c a u s i n g  an

a c c  e l e r a t i o n  i n  r a t e .

Cxygen  can. a ] s o  fo rm  p e r o x i d e s  w i t h  '°V0 a t  room 
( p r -  7Q 7 0  q p  0 3 s

t e m p e r a t u r e s  1" y ? ' J - t h u s  i n c r e a s i n g  t h e

n 11 mber  o f  1a b i 1e s 11 e s  .
( 8 8 'The s u g g e s t i o n  ' t h a t  t h e  i n c r e a s e d  r a t e  o f  

d e h y d r o c h  1 o r  in. a t i  on in. o x y g e n  i s  c a u s e d  b y  t h e  

r e a c t i v a t i o n  o f  t e r m i n a t i o n  s i t e s  c a n  f i t  i n t o  t h e  

t e r m i n a t i o n  s t e p s  p o s t u l a t e d  by  - ' / i n k i e r . I f

a  c h l o r i n e  r a d i c a l  a b s t r a c t s  a  t e r t i a r y  h y d r o g e n  

r a t h e r  t h a n  a  s e c o n d a r y  h y d r o g e n ,  a r a d i c a l  i s  

p r o d u c e d  w h i c h  i s  i n c a p a b l e  o f  p r o p a g a t i o n  b u t  c a n  

c a r r y  on t h e  k i n e t i c  c h a i n  b y  t r a n s f e r .  T h i s  

r a d i c a l  may a l s o  r e a c t  w i t h  o x y g e n  t o  g i v e  a  

h y d r o p e r o x i d e  w h i c h  i s  c a p a b l e  o f  f u r t h e r  i n i t i a t i o n  

t h e r e b y  c o n t i n u i n g  t h e  k i n e t i c  c h a i n .

C h a i n  s c i s s i o n  i n  t h e  p r e s e n c e  o f  oxygen  h a s
(a  PQ.>

o e e n  e x o l a i r e d  ‘ b y  r e a r r a n g e m e n t  o f

h y d r o p e r o x i d  e s „
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b y  ab s t r a  c t  i  o nd e h y d r o c h 1o r  i n a t i o n  r  e a c h i  o n , r a d i c  a 1 T 
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a t o m - f o r  p r o p a g a t i o n .
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(X I)
-  CH = 011. 01'

T h u s  t h e  p o l y m e r  c h a i n  s c i s s i o n  i n  t h e  p r e s e n c e  

o f  o x y g e n  c o u l d  b e  a  t r a n s f e r  p r o c e s s .
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( i i ) .  H y d r o g e n  C h l o r i d e .

The o t h e r  a g e n c y  w h ic h  may b e  p r e s e n t  i n  t h e

a t m o s n h e r e  i m m e d i a t e l y  s u r r o u n d i n g '  PYC d u r i n g

p r o c e s s i n g  i s  h y d r o g e n  c h l o r i d e  and  c o n t r o v e r s y  o v e r

i t s  a b i l i t y  t o  c a t a l y s e  t h e  d e h y d r  oc h l o r  i n  a t  i o n

r e a c t i o n  h a s  b e e n  i n  e x i s t e n c e  f o r  many y e a r s •

T e c h n o l o g i s t s  h a v e ,  f o r  a  l o n g  t i m e ,  s u s p e c t e d

t h a t  hydr ' - 'gen  c h l o r i d e  c a t a l y s e s  th .-  d e g r a d a t i o n  b u t

c h e m i s t s  h a v e  n o t  a g r e e d  w i t h  t h i s  v i e w .  Arlrnau

p u b l i s h e d  e v i d e n c e  d i s c o u n t i n g  t h i s  c a t a l y s i s .  H i s

c o n c l u s i o n s  h a v e ,  h o w e v e r ,  n o t  b e e n  f u l l y  c o n f i r m e d

a n d  r e c e n t l y  e v i d e n c e  i n  f a v o u r  o f  c a t a l y s i s  by
( i p  0 7 N)

h y d r o g e n  c h l o r i d e  h a s  become a v a i l a b l e  ' . A

c l o s e r  e x a m i n a t i o n  o f  e a r l i e r  w o rk  i s  t h e r e f o r e  

r e q u i r e d ,

(p a  n,
/a? 1 m a n ’ s ' ’ J r e s u l t s  o b t a i n e d  b y  n i x i n g  HOI w i t h  

t h e  c a r r i e r  g a s  show t h a t  t h e r e  i s  a  s l i g h t  

a c c e l e r a t i n g  e f f e c t  on t h e  r a t e  i n  n i t r o g e n  b u t  a

s l o w i n g  down i n  o x y g e n ,  w h i c h  i s  t o  be  e x p e c t e d  s i n c e
( 0  08 7 cp _ . o x y g e n  i s  s t r o n y l v  a c c e l e r a t i n g  J 51 ' and  i s

b e i n g  r e p l a c e d  b y  a  l e s s  s t r o n g l y  a c c e l e r a t i n g  a g e n t .
( 7  \

D ruesdow  ; i n t e r r u p t e d  t h e  f l o w  o f  c a r r i e r  

g a s  w h ic h  a l l o w e d  t h e  c o n c e n t r a t i o n  o f  h y d ro g e n
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o h I n r i d e  a t  t h e  r e a c t i o n  s i t e  t o  "build un and fo u n d  

t h e  r a t e  t o  be  t h e  sa n e  b e f o r e  and a f t e r . He c 1 a imed 

t h i n  t o  be e v id e n c e  ■? g a i n s t  c a t a l y s i s  althou-gh he h a d  

p r e v i o u s l y  o b s e r v e d  t h a t  t h e  r a t e  d e c r e a s e d  w i t h  

t i n e  when t h e  c a r r i e r  g a s  f l o w  was m a i n t a i n e d  

t h r o n g h  r  i t  t h  e r a n .

T h e s e  r e s u l t s  d i d  n o t  . j u s t i f y  an y  f i r m  

d e d u c t i o n s  b u t  t h e  n e g a t i v e  c o n c l u s i o n s  w h ic h  w e r e  

d ra w n  w e r e  a c c e p t a b l e ,  b e c a u s e  o f  t h e  d i f f i c u l t y  o f  

f i t t i n g  c a t a l y s i s  b y  h y d r o g e n  c h l o r i d e  i n t o  t h e  

t h e o r i e s  f o r  d e h y d r o c h l o r i n a t i o n .

R i e c h e  •* - f o u n d  c a t a l y s i s  i n  n i t r o g e n ,  a i r

and o x y g e n  b y  i n t e r r u p t i n g  t h e  c a r r i e r  g a s  f l o w .  

H y d r o g e n  c h l o r i d e  n o r m a l l y  e s c a p e s  f r o m  t h e  p o ly m e r  

q u i e t l y  b u t  i n  t h i c k  f i l m s ,  i t  i s  n o s s i b l e  f o r  i t  t o  

r e m a i n  i n  c o n t a c t  w i t h  t h e  n o ly m e r  f o r  some t i m e  and
('9r7>

c au  s e ac  c e 1  e r  a  t  i  on  o f  d eh y d ro  c h i  o r  i  n a  c i  on v y ' ' .

T a l a m i n i  9 u s i n g  a  vacuum s y s t e m  c o u l d  g e t  up t o

2 . 5  t i m e s  t h e  r a t e  o f  d e h y d r o c h  l o r  i n a t  i o n  i n  vacuum
( d o , Q 8 N|b y  a d d i n g  h y d r o g e n  c h l o r i d e .  Two r e c e n t  o a r e r s  

show t h a t  when t h e  h y d r o g e n  c h l o r i d e ,  w h ic h  h a s  b e e n  

a l l o w e d  t o  b u i l d  n o ,  i s  r e m o v e d ,  t h e  r a t e  r e t u r n s  t o  

a c o n s t a n t  b u t  i s  h i g h e r  t h a n  t h e  u n a u t o c a t a l y s e d  r a t e .



/.U-ih i s  c a t a l y s i s  b y  h y d r o g e n  c h l o r i d e  i s  v e r y

d i f f i c u l t  t o  e x p l a i n ,  a s  h 0 :1 0 l y t i c  d i s s o c i a t i o n  i s

u n l i k e l y  b e lo w  202 "G an d  e l e c t r o p h i l i c  a d d i t i o n  t o

c o n j u g a t e d  c a r b o n - c a r b o n  d o u b l e  b o n d s  w o u ld  n o t

g i v e  a n y  s t r u c t u r e s  c a p a b l e  o f  i n i t i a t i n g  f u r t h e r

l o s s  o f  h y d r o g e n  c h l o r i d e .  D i s s o c i a t i o n  o f

h y d r o g e n  c h l o r i d e  i s  t h e  c a u s e  o f  c a t a l y t i c  p y r o l y s i s  
( q q  j

p i  n e o p e n t a n e  v b u t  t h i s  i s  a t  a  much h i g h e r

t e m o e r a t u r e . I f  i t  i s  r a d i c a l  c h a i n  m echan ism

i n i t i a t e d  by  p e r o x i d e ,  t h e  e f f e c t  c o u l d  be  e x p l a i n e d

b y  t h e  known e f f e c t  o f  h y d r o g e n  c h l o r i d e  on t h e
f i n n )  _

d e c o m p o s i t i o n  o f  p e r o x i d e s  v J . I t  c o u l d  a l s o  

r e a c t  w i t h  i r o n  p a r t s  o f  t h e  p r o c e s s i n g  e q u ip m e n t
Clo 88 ^t o  g i v e  f e r r i c  c h l o r i d e  w h ich  i s  a n o t h e r  c a t a l y s t  *

f  o r  t h e  d e h y d r o c h l o r i n a t i o n .

A u t o c a l y s i s  h a s  b e e n  a t t r i b u t e d  t o  a n o t h e r

p r o d u c t  o f  d e g r a d a t i o n  n a m e l y  c r o s s l i n k e d  
( 2 1s t r u c t u r e

E ) .  G o l o u r a t i o n .

T he  m o s t  c r i t i c a l  f e a t u r e  o f  PYG d e g r a d a t i o n  

and  t h e  f i r s t  a w o a r e n t  e f f e c t  o f  i t  i n  u r s t a b i l i s e d  

PYG i s  d i s c o l o u r a t i o n ,  a l t h o u g h  i n  s t a b i l i s e d  pY0
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i t  may b e  l e s s  i n v o n r t e r t .  n ha co b o u p  o f  t h e  

d e g r a d e d  o o l y m e r  i s  c o n t r o l l e d  b y  d e h y d r o c h l o r i n a t i o n  

b u t  a l l  a t t o n r o t s  t o  g e t  a  p r e c i . s e  r e l a t i o n s h i n  h av e  

b e e r  t h w a r t e d .  ' ' h o  f i r s t  o b s t a c l e  i s  t h e  

q u a n t i t a t i v e  m e a s u re m e n t  o f  c o l o u r  i n  a. 1 1  f o rm s  o f  

d e g r a d a t i o n  a n d  i n  t h e  o r e s e r . e e  o f  a d d i t i v e s ,  i n  t h e  

s o l i d  o r  1i q u i d  p h a s e .  An a n o r o x i m a t e  s e p u e n c e  o f

c o l o u r  i s  o i n k  r e d  brown.  b l a d e  i n  an

i n e r t  medium w h i l e  i n  oxygen  i t  i s  y e l l o w  ----- o r a n g e

  brown   b l a d e .  The a n a l y s i s  o f  t h e s e  c o l o u r s ,

w i t h  r e s o e c t  t o  t h e  c h e m i c a l  s p e c i e s  p r e s e n t  in  t h e  

d e g r a d e d  °V0, p r e s e n t s  two d i f f i c u l t i e s .  The  

f i r s t  d i f f i c u l t y  i s  t h e  on a n t  i t a t i v e  m e asu rem en t  o f  

c o l o u r  a n d  t h e  s e c o n d  i s  t h e  i n t e r p r e t a t i o n  o f  

c o l o u r  w i t h  r e s o e c t  t o  m o d e l  no3.yen.es.  The s e c o n d  

i s  t h e  more d i f f i c n 3 . t  n r o b le m  t o  o v e r c o m e .

( :id . M e a su re m e n t  o f  C o l o u r ,

C o l o u r s  e r e  u s u a l l y  com nared  b v  e ^ e  and  t h i s  i sV  ‘ V C . '

o f  c o u r s e  v e r y  u n s a t i s f a c t o r y .  T h e r e  ° r e  v a r i o u s

e m p i r i c a l  t e c h n i o u . e s  i n  u s e  f o r  s c r e e n i n g
f io n  impl

s t a b i l i s e r s  1 ' and  some a t t e m p t s  h a v e

b e e n  made t o  e l i m i n a t e  human e r r o r  by  c o l o u r
(  P, 1 O / lPm at c h i n  a v ■ > ■ p.-nd m e a s u re m e n t  o f  t r a n s m i t t e d
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l i g h t  a t  a  p a r t i c u l a r  w a v e l e n g t h  v ~ ? -? ■-- ; t The 

l a s t  m e th o d  i s  n o t  a good one  as  t h e  a b s o r p t i o n  

s p e c t r u m  i s  so  s o r e a d  o u t .

The maximum d i f f e r e n c e  i n  e x t i n c t i o n
9 oc o e i f i c i e n t s  b e tw e e n  4520  A and  7260’ A h a s  b e e n

n n 6 >t a k e n  • a s  an a s s e s s m e n t  o f  c o l o u r  i n t e n s i t y  " b u t  

o r o b a b l y  t h e  o n l y  m e a n i n g f u l  e s t i m a t i o n  w o u ld  i n v o l v e  

some i n t e g r a t i o n  o f  a b s o r p t i o n  o v e r  a  r a n g e  o f  

wave l e n g t h s  ^ ~ ^  ^ •'.
o

I n  t h e  r e g i o n  o f  t h e  s o e c t r u n  f ro m  2600 A t o
o

6000 A t h e r e  i s  a  b r o a d  b a c k g r o u n d  on w h ic h  a r e
1 4  87 Q1 106 1 0  8 - 1 1 0  1491

s u r e r  im p o se d  10 t o  1 1  p e a k s  • 1 " ? " ’ ' 11 * ’ ‘ " ' ' ~ '
0 5  5 0w h ic h  a r e  a b s e n t  i n  no o r  l y  r e s o l v e d  s p e c t r a

0 2  H OThe s o e c t r a  o f  t h e r m a l l y  d e g r a d e d  PYC ’ ; a r e

v e r y  s i m i l a r  t o  t h a t  d e g r a d e d  i o n i c a l l y  b y  l i t h i u m
( ' 5 7 1

c h l o r i d e  i n  d i i n e t h v l f o r m a m i d e  w ‘ ■' . P e a k s  m .  t h e  

s p e c t r a  o f  p r e s s e d  f ± i ^ g  o f  t h e r m a l l y

d e g ra d e d .  PYC a r e  s l i g h t l y  d i s p l a c e d  f ro m  t h o s e  in  

s o l u t i o n  s p e c t r a  b u t  t h e  s n e c t r a  o f  PYC, d e g r a d e d  b y  

i n i t i a t i o n  b y  i r r a d i a t i o n  w i t h  1 . 5  -  2  m . e . v .  e l e c t r o n s
n ( Q l l O Q l l ^ l

a t  -  1 9 6  C, a r e  v e r y  d i f f e r e n t  ' J '  ' ’

T h e r e  i s  now l i t t l e  d o u b t  t h a t  t h e  c o l o u r  i n  

d e g r a d e d  PYC i s  c a u s e d  b y  c o n j u g a t e d  p o l y e n e s  o f  t h e
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° h r u c t 1i r e

.J.T -  ( (Ti = -  CHOI

a n d  a  v a l u e  o f  n  w o u l d  be o f  g r e a t  h e l p  i n

p o s t u l a t i n g  a  n e c n a n i s m  f o r  d e g r a d a t i o n .
( I d )f o y e r  " u s e d  a. s t a t i s t i c a l .  a p p r o a c h ,  

a s s u m i n g  a  d i s t r i b u t i o n  o f  p o l y e n e s  w i t h  n  = 1  

u n w a r d s .  He show ed ,  on t h e  b a s i s  o f  a u n i m o l e c u l a r  

e "• i n i n a t i o n  m e c h a n ism ,  t h a t  t h e  number  a v e r a g e  v a l u e  

o f  n„ i s  r e l a t e d  t o  t h e  e x t e n t  o f  r e a c t i o n  and  t h e  

r e l a t i v e  r e a c t i v i t y  o f  t h e  a l l y l  a c t i v a t e d  e l i m i n a t i o n ,  

( i  i ) .  A n a l y s i  s o f  Soec t r a .

To m a l y s e  s n e c t r a ,  s o e c t r a l  d e t a i l s  a r e  

r e o u i r e d  o f  a l l  t h e  i n d i v i d u a l  n o lv e n .e s  c o n c e r n e d ,<y )

i n  t e r m s  o f  w a v e l e n g t h  and  e x t i n c t i o n  c o e f f i c i e n t s

o f  t h e  m ax im a .  The a b s o r p t i o n  s p e c t r u m  o f  a  s i m p l e
( 1 7  1 1 ^p o l y e n e  c o n s i s t s  o f  4  o r  S p e a k s  ' J ^ y and

a d d i t i o n  o f  a, f u r t h e r  c a r b o n - c a r b o n  d o u b l e  b ond  h a s

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

h i g h e r  w a v e l e n g t h s .  T h u s ,  f o r  a  d i s t r i b u t i o n  o f

p o l y e n e s ,  t h e  p r e s e n c e  o f  f i n e  s t r u c t u r e  w i l l  d e p e n d

on  w h e t h e r  o e a k s  o f  i n d i v i d u a l  p o l y e n e s  a m p l i f y  o r
(HD n o  118>

c a n . c e l  e a c h  o t h e r .  A n o t h e r  c o n s i d e r a t i o n  1 '

i s  t h a t  p o l y e n e s  w i l l  a b s o r b  a t  d i f f e r e n t  w a v e l e n g t h s ,
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d en  e n d i n g  on  t h e i r  s u b s t i t u t i o n  n u t t e r n , g i v i n g  

f o u r  f o r m s

CH -  (Oil = C H ) , ^  -  CH = OKp ( I )

R-piC = CH -  (GET = CH) p -  CH = CH0  ( I I )

R-jKO = CH -  (OH = C H ^ _ p _ OH = CHP ( I I I )

R ^ o O  = OH -  (OH = CH)p _ P -  CH = CHR-, ( IY )

T h e r e  v/onId  h e  s. f i v e  thli s h i f t  f r o m  I  t o  I I ,  f ro m

I I  t o  I I I  a n d  f ro m  I I I  t o  IV.

T h e r e  i s  a  t e n d e n c y  t o  assum e t h a t  e a c h  " p e a k 11

i n  t h e  s p e c t r u m  c o r r e s p o n d s  to  t h e  l o n g e s t

■wavelength  p e a k  o f  an i n d i v i d u a l  p o l y e n e  b u t  o v e r l a p

o f  s e v e r a l  m i n o r  o e a k s  may g i v e  p e a k s  i n  t h e

c o m o o s i t e  s p e c t r u m .  S e v e r a l  o t h e r  f a c t o r s  a f f e c t

t h e  l o c a t i o n  o f  a b s o r p t i o n  maxima s u c h  a s  b a t h o c h r o m i c

s h i f t s ,  w h ic h  a r e  d e p e n d a n t  u o o r  t h e  n a t u r e  o f  t h e  
/

s o l v e n t  ? 1 1 9  ̂ grid a r e  p r o p o r t i o n a l  t o  t h e

num ber  o f  e a r n  o n - c a r b o n  d o u b l e  bn-nds in  

c o n j u g a t i o n  i t  i,«r a l s o  w o r t h  n o t i n g  t h a t

t r a n s  i s o m e r s  a b s o r b  a t  h i g h e r  w a v e l e n g t h s  than.
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n  1 5  vG i r  i s o m e r s  ■ 0

vOvppgp ”.n. f h  up  t o  "1 4  o r  IB c a r b o n - c a r  bon

d o u b l e  b o n d s  i n  c o n i u w a t i o n  h a v e  b e e n  p r e p a r e d  and
p 9  1 1 P —1 1(5 ^t h e i r  s p e c t r a  r e c o r d e d  v J    • b u t  p o l v e n e

e r .ces  much lo ^ m e r  t h a n  t h i s  a r e  r e s p i r e d  as

m o d e l s  f o r  d e g r a d e d  T0VC. S i n c e  t h e  cop iu .m a . t io r
( 1 1 7  i P0 —1 *"'0 >t h e o r y  i s  r o t  v e r v  we 3.1 d e f i n e d  7 » ■ y „

h o w e v e r  t h e r e  i s  no  way o f  c a l c u . .b a t in g  t h e  a b s o r o t i o n  

s n e c t r o .  o f  h i g h e r  no I y e r  e s .  i f a o i r i c a l  r e l a t i o n s h i p s  

b e t w e e n  t h e  v a l u e  o f  n  and t h e  w a v e l e n g t h  o f  maximum 

a b s o r p t i o n  do n o t  h o l d  when n  i s  g r e a t e r  t h a n  10 .  

many o f  t h e s e  a r e  b a s e d  on t h e  Lew is  C a l v i n  

e o u a t  1  on  " ‘“■y'

A = kn
,  , (3.24-) o_ ,o u r  Dewar ' s u g g e s t e d

- ° n  - P sA = 0(3. -  a  ).

i n  w h i c h  .0 and  a  a r e  c o n s t a n t s . T h e s e  two e q u a t i o n s

h a v e  b e e n  c o m b in e d  by  H i r a y a n a  ^ ' “ ^ ' t o  g i v e
P nA" = A -  BC~

I'Tone o f  t h e s e  p r e d i c t s  t h e  w a v e l e n g t h s  o f  a b s o r p t i o n

maxima, f o r  n  g r e a t e r  t h a n  3.0 v e r y  w e l l .  B x t i n c t i o ^

c o e f f i c i e n t s  a r e  o n l y  known f o r  low v a l u e s  o f  n  and

i t  i s  unknovm w h e t h e r  t h e y  i n c r e a s e  o r  d e c r e a s e  when
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r  i s  g r e a t e r  t h a n  6 ,

A min.mu.ni num ber  o f  5 t o  7 c a r b o n —c a r b o n  d o u b l e  

b o n d s  a r e  n e e d e d  f o r  c o l o u r  an d  m o s t  q u o t e d  l e n g t h s
/ 1 p *\

o f  p o l y e n e  s e q u e n c e s  a r e  b e t w e e n  5 and 20 s ’ “*/i.
r*  ‘  °'I:no j m e  s t r u c t u r e  c e a s e s  a t  a b o u t  5000 A, w h i c h  

c o r r e s p o n d s  t o  t h e  l o n g e s t  w a v e l e n g t h  weak o f  a
n o n

p o l y e n e  o f  a b o u t  3.,5 c a r b o n - c a r b o n ,  d o u b l e  b o n d s   ̂ 1“ y 

i n  c o n j u g a t i o n .  T he  n e a k s  o f  h i g h e r  n o ly e n .e s  come 

v e r y  c l o s e  t o g e t h e r  and  may b e  so  s u p e r i m p o s e d  t h a t  

t h e y  g i v e  no f i n e  s t r u c t u r e  o r  t h e  s p e c t r o m e t e r s  may 

b e  i n s u f f i c i e n t l y  s e n s i t i v e  t o  d e t e c t  a n y  f i n e  

s t  n  i c t u  r e  w h i  c h i s  p r e s e n t .

D e h y d r o c h l o r i n a t i o n  b y  some b a s i c  c a t a l y s t  way 

g i v e  n o l y e n e  s e q u e n c e s  r u n n i n g  t h e  l e n g t h  o f  t h e  

p o l y m e r  c h a i n  g i v i n g  a  v i o l e t  c o l o u r e d  p o l y m e r .  . The 

• spec t rum  o f  t h i s  p o l y m e r  c o v e r s  m o s t  o f  t h e .  v i s i b l e
o

r a n g e  an d  h a s  a  maximum o f  a b s o r p t i o n  a t  5500 A
("57)w i t h  no f i n e  s t r u c t u r e  •- -A /h e n  s u b s t i t u t i o n  

c a n  a l s o  o c c u r ,  t h e  p o l y e n e  s e q u e n c e s  a r e  much

s h o r t e r ,  t h e  s p e c t r a  show f i n e  s t r u c t u r e  b e lo w
o o (7, n  \

5000 A and  e r e  c o n f i n e d  t o  w a v e l e n g t h s  b e lo w  6000 A /



(1 ^Jo ] y e n 9 s eoi •. e n c e  l e n g t h s  r e n o r t e d , • o f  5 t o  12 • " ;

r o d  7 t o  7 0 ,  a r o  i n t e r p r e t e d  ' a s  p r o o f  o f  a  s h o r t

c h a i n  r a d i c a l  d e h y d r o c h l o r i n a b i o r  p r o c e s s .  I n  a

r a d i c a l  c h a i n  p r o c e s s ,  s h o r t  n o l y e n e  c h a i n s  a r e  more

l i v e l y  t o  b e  e x p l a i n e d  i n  t e r m s  o f  a  h i g h  t r a n s f e r

r a t e . T h e  o r r m  c o l o u r  i n  d e g r a d e d  PYC h a s  b e e n  
( 0 7 N’

c l a i m e d  * ' t o  b e  c a u s e d  b y  p o l y e n e s  o f  l e n g t h  u p  t o  

17 v. ' i th  a  m o s t  p r o b a b l e  v a l u e  o f  p w h e r e a s , i n  t h e  

v i o l e t  m a t e r i a l  o b t a i n e d  f r o m  o o l y  ( v i n y l  b r o m i d e ) ,  

t h e  l e n g t h  i s  up  t o  75 w i t h  a  m os t  n r o b a b l e  v a l u e  o f

i i

Oy^y-on h a s  t h e  e f f e c t  on t h e r m a l l y  d e g r a d i n g  PYC,

o f  p r o d u c i n g  more  h y d r o g e n  c h l o r i d e  b u t  l e s s  c o l o u r

a s  p r e v i o u s l y  s h o r n .  T h i s  l e s s e n i n g  o f  c o l o u r  h a s  
n  i ip

b e e n  s h o r n  •.......'  t o  be  c a u s e d  by  a  d i s p l a c e m e n t  o f

a b s o r p t i o n  t o  t h e  u l t r a - v i o l e t  r e g i o n  f ro m  t h e  v i s i b l e  

r e g i o n ,  w i t h  l o s s  o f  f i n e  s t r u c t u r e .

The  b l e a c h i n g  i n  oxygen  i s  p r o b a b l y  b y  o x i d a t i v e  

a t t a c k  on l o n g  p o l y e n e  s e q u e n c e s  t o  r e d u c e  t h e i r  l e n g t h  

The c l a s s i c a l  t h e o r y  o f  o x i d a t i o n  o f  u n s a t u r a t e d  

p o l y m e r s  i s  b y  h y d r o p e r o x i d e  f o r m a t i o n  a t  a H y l i c
('7Zjy

p o s i t i o n s  an d  t h e n  c h a i n  s c i s s i o n  ’'  b u t  i t  h a s

b e e n  s u g g e s t e d  t h a t  o x i d a t i o n  i n  PYC i s  b y  1,4-



us, m

r*pr‘ ■? JT‘i r'rr' 0 ‘S o‘vy.r<r*pp t o  0 ^ *1 "•*•''u t o  r-TTrr* ,o poyn'v^ d ©

w h i c h  by d i s s o c i a t i o n  a n d  r e a r r a n g e m e n t  g i v e s
(g 7 0 '

o c i s s i o p  ' 1 ' ' . 11 h a s  b e e n  s u g g e s t e d  t h a t

o x i d a t i v e  b l e a c h i n g  o f  d e g r a d e d  FYC, a t  a m b i e n t
rg a  Qd io c p

t e m p e r a t u r e s , r e q u i r e s  l i g h t  ■* ' ,J ' 5" - • b u t  t h e  

a c c o mo an v i n g  nho  t  ode  gr*ad.ati on me y  c a.11 s. e d i f  f  i  c i1 I t  y  

i n  p r o v i n g  t h i s  r e o u i r e m e n t • Ad 1 t h e  s u g g e s t i o n s  

a r e  f o r  s h o r t e r  n o l y e n e  s e q u e n c e s  and c a r b o n y l  

b o n d s  when PYO i s  d e g r a d e d  i n  t h e  p r e s e n c e  o f  

ox y g o n  a n d  t h e s e  a r e  b o r n e  o u t  b y  t h e  e x p e r i m e n t a l  

r e s u l t s .

Any p r o c e s s  r e d u c i n g  d i s c o l o u r a t i o n  i s  

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

t h a t  t h o s e  m a t e r i a l s  w h i c h  p r e v e n t  a  r a d i c a l  c h a i n  

i n i t i a t i o n  on  p r o p a g a t i o n  mag- a l s o  m i n i m i s e  a 

b e n e f i c i a l  o x i d a t i v e  b l e a c h i n g .  T h i s  f a c t  w o u ld  

b e  w e ld  b o r n e  i n  mind vrh e n  c h o o s i n g  a d d i t i v e s  f o r  

PYC, a s  many m a t e r i a l s  can. e x h i b i t  a n t i o x i d a n t  

p r o p e r t i e s  a t  h i g h  t e m p e r a t u r e s  and  t h i s  may be  

d e t r i m  o n t a  1 t o  s t a b i  1 i s a t i  o n .

3 ) . ’Re v i  ew o f  t h e  S t  a b i  1 i  s a t  i  on o f  PY 0 .
( "| g US) UJ-L "1 a tl— "I ' S) 1

S e v e r a l  r e v i e w s  7 v_ 5 ’ 5 ’ ' " hav e  b e en

p u b l i s h e d  on t h e  s t a b i l i s a t i o n  o f  PYC b u t  t h e r e  i s
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vor*'r 1 i t f  e 1 a b o u t  t h e  p r e c i s e  wa^ j.-n which

t h e  a j 0 u s e d  i n t e r f e r e  w i t h  t h e  d e s r a d a t i  o n .

Ayrr.f\~\ii t h e  o n l y  f e a t u r e  common t o  a l l  nYC

s t a b i l i s e r s  i s  t h e  a b i l i t y  t o  r e a c t  w i t h  h y d r o g e n

c h l o r i d e ,  w h i c h  H  p r a c t i c e  a l l e v i a t e s  t h e  s i t u a t i o n

c a u s e d  b y  t h e  c a t a l y t i c  b e h a v i o u r  o f  h y d r o g e n

c h l o r i d e  b u t  d o e s  n o t  p r e v e n t  t h e  u n c a t a l y s e d

d e h y d r o c h l o r i u a t i o n .. The  r a t e  o f  e v o l u t i o n  o f

h y d r o g e n  c h l o r i d e  i n  t h e  p r e s e n c e  o f  a c i d  a c c e n t o r s

can  b e  v e r y  m i s l e a d i n g  s i n c e  s t a b i l i s a t i o n  a p p e a r s

t o  be  a c h i e v e d  t h r o u g h  a  s t o i c h i o m e t r i c  u p t a k e  o f

h y d r o g e n  c h l o r i d e  w h e r e a s  t r u e  s t a b i l i s a t i o n  a s

r e g a r d s  i n h i b i t i o n  o f  c o l o u r  f o r m a t io n ,  and

c r o s s  l i n k i n g  may i n v o l v e  o r . ly  a  v e r y  s m a l l  amount

o f  s t a b i l i s e r .

/hen  u s e  i s  made o f  m e t a l  b a s e d  s t a b i l b  s e n s ,

r a p i d  d o h y d r o c h l o r i n a t i o n  t a k e s  p l a c e  when t h e

s t a b i l i s e r  i s  s a tu . r e . t e d  and  t h i s  i s  a t t r i b u t e d  t o
n s  og  igZL i s  s i

• c a t a l y s i s  b y  t h e  m e t a l  c h l o r i d e  '" "  ’ ’ *' ‘ J ' •

T h e r e  i s  l i t t l e  i n  common among i n o r g a n i c  

l e a d  s a l t s . h e a v y  m e t a l  s o a r s ,  o r g a p o t i n  compounds 

and  e n o x i d e s  e x c e p t  r e a c t i o n  w i t h  h y d r o g e n  c h l o r i d e .  

They  may, t h e r e f o r e ,  a c t  i n  d i f f e r e n t  w a y s .
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T h e y  c o u l d  a c t  oy e l i n i n a t i o n  o f  l . a b i l o  s i t e s  

r e s o o n s i b i  e f o r  i n i t i a t i o n  o f  d e h y c l r o c h l o r i n a t i  o r , 

on oy i n t e r f e r e n c e  w i t h  t h e  p r o p a g a t i o n  m ec h a n i s m .  

H ow ever  e v e n  i f  d e h y d r o c h  l o r i n a t i  on i s  a l l o w e d  t o  

o c c u r , t h e  "Pr0 c a n  s t i l l  be  q u i t e  a c c e p t a b l e  i f  t h e  

s t a b i l i s e r  r e a c t s  w i t h  t h e  n o l y e n e  s t r u c t u r e -  t o  

e 1 i  min a t  e d i  s c o 1 oi.1 r  a t  i  on . Or o 0  s 1 . i n k i p g  and

o x i d a t i o n  a r e  e x a m p le s  o f  s e c o n d a r y  r e a c t i o n s  on 

w h ic h  c e r t a i n  m a t e r i a l s  can. e x e r t  a  s t a b i l i s i n g  

i n f l u e n c e .

In  o r d e r  t o  i n v e s t i g a t e  s t a b i l i s a t i o n ,  t h e

c h e m i c a l  an d  p h y s i c a l  e f f e c t s  must  be  s e p a r a t e d .

An. e x am p le  o f  t h i s  i s  t h e  d i s p e r s i o n  o f  t h e  s t a b i l i s e r

i n  t h e  p o l y m e r  w h i c h  i s  d e p e n d a n t  upon  t h e  p h y s i c a l

p r o p e r t i e s  o f  t h e  s t a b i l i s e r ,  i t s  c o m p a t i b i l i t y  w i t h

t h e  PV0 and  t h e  w o rk  done  i n  t h e  m i x i n g .  For

e x am p le  t h e  m e t a l  s o a r s  f ro m  p u r e  f a t t y  a c i d s  a r e

n o t  a s  g o o d  s t a b i l i s e r s  a s  t h o s e  f ro m  i n d u s t r i a l
y g g i

• f a t t y  a c i d s  a n d ' i t  h a s  b e e n  s u g g e s t e d  v ' v t h a t  

t h i s  i s  c a u s e d  b y  t h e  l e s s  p u r e  i n d u s t r i a l  s am p le  

h a v i n g  a  l o w e r  m e l t i n g  p o i n t .

Some compounds  , i n c a m b l e  o f  h a v i n g  a r y  

i n f l u e n c e  on  t h e  d e g r a d a t i o n  by t h e m s e l v e s ,  can



e n h a n c e  t  . 0  a c t ? . o r  0 1  o t h e r s  an d  t h i s  h a 0 b e e n  
• - O k H  .asci* >.oeo. ' 0 0  an im n ro v e d  l u o r i c a t i o T: o f  t h e

misd ■■■. by p l a s t i c i s i n g  t h e  ?YG >r e m u l s i f y i n g  t h e  

s t a b i l i s e r .

C o m  e r e  is . ]  'HO, f r o m  w h ic h  e x t r a n e o u s
,  . , - (54-1i n n u r i u i e s  c a v e  o e en  r e m o v e d ,  i s  more  s t & o l e  -

t h e n  c o m m e rc ia l  b u t  b a s i c  l e a d  n h o s w h i t e  l o w e r s  t h e  

r a t e  o f  d e g r a d a t i o n  o f  u n o u n i f i e d  H O  t o  t h a t  o f
/ QQ '

o u r i f i e d  "HO alon.0 1 * 0 T h i s  ac t?  on i °  

n r e o u r n a b l v  b v  ^ t o ^ s i m s  e x t r a n e o u . s  i m p u r i t i e s  f ro m

L a b i l e  g ro u p s  on t h e  p o lym er  backbone  may be 

d e a c t i v a t e d  i r  s e v e r a l  ways b ^ t  t h e  most- o b v io us  i s 

d i r e c t  s u b s t i t ■.?t i  on , 11 ha.s 0ee:c 0 11 own th  a t  • s 0 me

■"’o t a l  s o a p s  and d i a l k y l  t i n  d i e a r b o x y l a t e  

s t a b i l i s e r s  a r e  r e t a i n e d  by  t h e  po lymer  a f t e r  h e a t
(1 7  tZ

t r e a t m e n t  'y ' • 1 U s u a l l y ,  t h i s  r e t e n t i o n

i s  l e s s  t h a n  ].k b u t  i t  c o u l d  be  s u f f i c i e n t  t o  b l o c k  

a l l  t h e  r e a c t i v e  s i t e s .  The c a r b o x y l a t e  p a r t  o f  

a h e  s t a b i l i s e r  i s  t h e  p a r t  m o s t l y  r e t a i n e d  v y .

By r e p e a t e d  s o l u t i o n  an d  p r e c i p i t a t i o n  t h e s e  

s t a b i l i s e r s  c o u l d  be  rem o v ed  s l o w l y  a i d  c o u l d  be  

r a p i d l y  r e m o v e d  b y  t r e a t m e n t  w i t h  h y d r o g e n  c h l o r i d e .



1h s  3 u g g e s t s  t h a t  t h e  s t a h 1 ?. s e r  5 s w e a k 3 v  boiir.d 

by  some c o o r d i n a t e d  bond  t o  t h e  p o ly m e r  a t  t h e  

r e a c t i v e  s i t e s .  "By r e s r r a r y e n e n t  o f  t h i s  

c o o r d i n a t e d  s t r u c t u r e ,  i t  i s  s u r g e s t e d  t h a t  

c h l o r i n e  a t o a s  c o u l d  e x c h a n g e  w i t h  c a r b o x y l a t e

g r o m s  and  t h i s  r a ig h t  e x o l a i n  why t h e  c a r b o x y l a t e
o

g r o u p  i s  r e t a i n e d  t o  a  g r e a t e r  e x t e n t  t h a n  t h e  a l k y l

g r o m s  and  t h i s  r e v  e s t e r  g r o u p  i n  PYO i s  more

r  e s s t a n t  t o  t h e r m a l  d e c o m r o s i t i o n  t h a n  was  t h e

t e r t i a r y  o r  a l l y  l i e  ch l o r  i n  e r e p l a c e d  b y  i t  and  t h u s

d e g r a d a t i o n  i s  p o s t p o n e d .  S u p p o r t  f o r  t h i s  h a s
f y  >

r e c e n t l y  come f r o m  Bengoughds  w o rk  - on e s t e r  

e x c h a n g e  b e t w e e n  cadmium a c e t a t e  and  t e r t i a r y  and  

a  H y l i c  ch 1 o r in .e  s i n  HO .

H r  o x i d e  s t r u c t u r e s  a r e  p o s s i b l e  i n i t i a t i o n  

s i t e s  an d  t h u s  on e x a m i n a t i o n  o f  t h e  b e h a v i o u r  o f  

s t a b i l i s e r s  t o  p e r o x i d e s  i s  o f  v a l u e .  Some 

a n t i o x i d a n t s  a r e  u s e d  a s  a u x i l i a r y  s t a b i l i s e r s .

T he  p r i m a r y  p u r p o s e  b e h i n d  t h e  a d d i t i o n  o f  

a l k y l  a n d  a r y l  p h o s p h i t e s  1° f o r  act*' op a s  c h e l a t i n g  

a g e n t s  t o  e l i m i n a t e  t h e  c a t a l y t i c  e f f e c t  o f  m e t a l  

c h l o r i d e s  i n  t h e  s y s t e m  b u t  t h e y  may a l s o  a c t  b y
. "• '‘i

d e a c t i v a t i n g  h y d r o p e r o x i d e  i n i t i a t i o n  s i t e s  v" ‘ y i n



.nyu A hesphxte  -r ROPY A l k y l  p h o s p h a t e  ROF
- -  .  O- ic f
9/ v i n v  s y s t e m s  - ' y ' a r e  c a n a d  < e o f  decompos ■’ng; 

p e r o x i d e s  i n  a. h a r m l e s s  m an n e r  and  s o n e  s u l p h u r
p Z j .1  _  ZLg ?

compounds  5 *' c a n  d e a c t i v a t e  h y d r o ^ e r o x i d e s

"a a n o n - h 'm o ] y t i c  f a s h i o n .  T h is  d e a c t i v a t i o n  by

s u ?n h u r  co  m o u n d s  i s  more  e f f i c i e n t  t h a n  normaT

a n t i o x i d a n t :  c h a i n  i n h i b i t i o n  m echanisms  and  c o u l d

a c c o u n t  f o r  t h e  e n h a n c e d  s t a b i l i s i n g  a c t i v i t y  o f
O H ?o r g a n o  t i n  compounds c o n t a i n i n g  s u l p h u r  1 ' .

O ry sn o  t i n  compounds s i m i l a r  t o  t h o s e  u s e d  f o r  

s t a b i l i s i n g  PYO r e a c t  w i t h  h y d r o p e r o x i d e s  t o  g i v e
( 1 }))\S

p r o d u c t s  w h ic h  d o  n o t  a f f e c t  H O  • ' ‘ ‘ . I t  ha.s 
( op ^

b e e n  shovm " t h a t  c o n v e n t i o n a l  s t a b i l i s e r s  

r e t a r d  t h e  d e c o m p o s i t i o n  o f  h y d r o p e r o x i d e s  arm PYO 

s t a b i l i s a t i o n  i s  p o s s i b l y  a c c o m p l i s h e d  i n  a  s i m i l a r  

manr  e r .

C a t a l y t i c  c o n v e r s i o n  o f  h y d r o p e r o x i d e s  t o
( i o d >

a l c o h o l s  i s  t h e  b a s i s  o f  a  n o v e l  s y s t e m  7 w m c n  

i n v o l v e s  m e t a l  b o r a t e s  w i t h  h y d r o c h l o r i c  a c i d  g i v i n g  

b o r i c  a c i d  w h i c h  c a t a l y s e s  t h e  c o n v e r s i o n  o f  

p e r o x i d e s  i n  PYC t o  a l e o h o 1 ° .  At e l e v a t e d  

t e m p e r a t u r e s ,  t h e  b o r i c  a c i d  g i v e s  m e t a b o r i c  a c i d
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i t  h a s  b e e n  s u g g e s t e d  - t h a t  s t a b a l i s a u i o n

may o c c u r  b y  d i s r u p t i o n  o f  t h e  r a d i c a l  c h a i r

p r o p a g a t i o n  s t e p  b e c a u s e  r a d i o a c t i v r  t v  a p p e a r e d  i n
i u

t h e  p o l y m e r  when ‘0 b u t y l  l a b e l l e d  d i b u t y l  t i n  

d i a c e t a t e  s t a b i l i s e r  was  u s e d .  T r a n s f e r  t o  b u t y l  

w as  p r o p o s e d  a s  t h e  t e r m i n a t i o n  o f  t h e  m o l e c u l a r

c h a i n  b u t  t h i s  was. l a t e r  r e p u d i a t e d



' ! ’> 1.7n r i n v l 0 p.es an d  o t h e r  l o n g  c o n n u c a t o d  no l y e n e

sy s te m s  su c h  a s  d e h y d r o c h l o r i n a t e d  PVC e x e r t  a

s t  a b i l x s  i n g  i n f l u e n c e  n o s  s i b  l y  b y  form  a t i  o r  o f

r e s o n a n c e  s t a b i l i s e d  c o n j u g a t e d  b i r a d i c a l s  w h ich

h a v e  i n s u f f i c i e n t  e n e r g y  t o  c o n t i n u e ,  t h e  p r o p a g a t i n g  

, U 5 )("IQ 7 h U '
on a m

T h e  p r i n c i p a l  a im  o f  s t a b i l i s a t i o n  i s  n o r m a l l y  

t o  p r e v e n t  c o l o u r  a n d ,  i n  t h i s  l i g h t ,  i n c r e a s e d  

t r a n s f e r  w o u l d  w o r k .  i f  l o s s  o f  h y d r o g e n  c h l o r i d e  

i s  i n c r e a s e d ,  d i s c o l o u r a t i o n  c a n  s t i l l  be p r e v e n t e d  

i f  t h e  c o n j u g a t e d  s y s t e m  i s  m o d i f i e d ,  p o s s i b l y  b y  

d i e n o o h i l e s  w h i c h  c o u l d  d i s r u p t  t h e  s y s t e m  so t h a t  

t h e  a b s o r p t i o n  i s  o n l y  i n  t h e  u l t r a  v i o l e t  r e g i o n .

I t  i s  p o s s i b l e  t h a t  a  num b er  o f  s y s t e m s  f u n c t i o n  i n
( i l l  on no o n  1 7 7  m e n  

t h i s  way * ‘ 9 * 9 ' u~9 JK 9 9 ' ■ , A n o t h e r  s i m i l a r

e f  f  e c. t  i  a o b s e r  v  ed i  n  o x  i  d a t  i  o n an d s < 7 m e 11 e t  a?' - b  a  a e d

s t a b ?  U s e r s  h a v e  b e e n  i d e n t i f i e d  a.s o x i d a t i o n  
m  zl op 1 7)0 ^

c a t a l y s t s  ; r 1 9 ' - . A n t i  o x i d a n t s  a r e  o b v i o u s l y

t o  be  a v o i d e d  i f  o x i d a t i v e  b l e a c h i n g  i s  d e s i r e d .

I t  w o u l d  a p p e a r  t h a t ,  a l t h o u g h  s t a b i l i s e r s  

f u n c t i o n  i n  a  n u m b er  o f  w a y s ,  t h e  same o v e r a l l  r e s u l t  

i s  o b t a i n e d .

4 ) .  R e v ie w  o f  t h e  T h e r m a l  D e g r a d a t i on o f  PYA.

PVA d o e s  n o t  h a v e  t h e  same v a r i a t i o n  i n  u s e s
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t h a t  h a s  made H O  one  o f  t h e  p l a s t i c s  p r o d u c e d  in  

v e r y  l a r g e  ui a n t i t i e s  a t  t h e  p r e s e n t  d a y .  H A  

d o e s  h a v e  t h e  a d v d n t a g e  o v e r  PYC t h a t ,  i n  a n  

u n s t a b i l i s e d  f o r m ,  i t  i s  f a r  none  t h e r m a l l y  s t a b l e . .

B e c a u s e  o f  t h e  r a t h e r  l i m i t e d  u s e s  o f  WA. i t s  

d e g r a d a t i o n  h a s  n o t  b e e n  s t u d i e d  b y  so many w o r k e r s  

a s  h a s  ,?Y0 d e g r a d a t i o n .  ‘p o t h e r  r e a so n ,  f o r  t h i s  

po-r 9 0  t h a t  t h e  d e g r a d a t i o n  b e h a v i o u r  <»f h a  was
r n g 7 ,/j.q 7

• e l u c i d a t e d  v e r y  c l e a r l y  b y  C r a s s i e  ’ " ‘J ' .  T h u s ,  

a  r e v i e w  o f  t h e  w o rk  c a r r i e d  o u t  on. t h e  d e g r a d a t i o n  

o f  PYA v i r t u a l l y  am o u n ts  t o  a  r e v i e w  o f  G r a s s i e  * s n o r 1 

HA w as  f o u n d  t o  b e  s t a b l e  in. vacuum u p  t o  1 9 0  '0  

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

a  o o l y a c e t y l e n e  c h a i n  a s  i n  PYO. T he  r e a c t i o n  was 

shown t o  b e  a  c h a i n  r e a c t i o n  p r o c e e d i n g  w i t h o u t  t h e  

a g e n c y  o f  f r e e  r a d i c a l s , I n i t i a t i o n  was  f o u n d  t o  

o c c u r  a t  t h e  ends  o f  t h e  p o l y m e r  c h a i n s  and  c o u l d  

o c c u r  a t  any  o f  t h e  P o s s i b l e  end  s t r u c t u r e s .  The 

i n i t i a t i o n  an d  p r o p a g a t i o n  r e a c t i o n s  w e r e  i n t e r p r e t e d  

i n  t e r m s  o f  w e l l  1cnovn c h e m i c a l  r e a c t i o n s - .

A h i g h l y  c o 1o r r e d  c o n j u g a t e d  r e s i d u e  was 

o b t a i n e d  an d  t h i s  was i n t e r p r e t e d  a s  s u g g e s t i n g  t h a t  

a c e t i c  a c i d - i n  e v o l v e d ,  n o t  m o l e c u l e  by  m o l e c u l e  a t



r a n d o  >ut o n e  a f t e r  an > ther  a l o n g  t h e  c h a i n  !~ > ther  

>iece o f  sv id  n e e  ">ut f  ) rw ard  1 • f a v  a i r  o f  s c h a i n  

roec tvv , - .  "'r p, t h e  f a c t  t h a t  ° •°11 am oun ts  o f  o xygen  

i n h i b i t e d  t h e  r e a c t i o n  c o m p l e t e l y  a n d  i t  was 

s u g g e s t e d  t h a t  t h i s  was  b y  r e a c t i o n  w i t h  t h e  d o u b l e  

b o n d  a t  t h e  r e a c t i v e  P o i n t  i n  t h e  c h a i n .

T h i s  c h a i n  r e a c t i o n  was  e x p l a i n e d  b y  t h e  f a c t  

t h a t  r e m o v a l  o f  a  m o l e c u l e  o f  a c e t i c  a c i d  l e a v e s  a  

c a r b o n - c a r b o n  d o u b l e  b o n d  w h ic h '  h a s  a  m e t h y l e n e  g ro u p  

i n  t h e  c*. p o s i t i o n  a d j a c e n t  t o  an a c e t y l  g r o u p .  T h i s  

m e t h y l e n e  g r o u p  w i l l  b e  h i g h l y  r e a c t i v e  and t h u s  l o s s  

o f  a f u r t h e r  m o l e c u l e  o f  a c e t i c  a c i d  i s  f a c i l i t a t e d .

I t  was  s u p p o s e d  t h a t  i n i t i a t i o n  was  b y  some

m ech an ism  s i m i l a r  t o  t h e  p y r o l y s i s  o f  s i m p l e  a c e t a t e
(150,151*)  e s t e r s  ' J " ' ' .

The p r o p a g a t i o n  i s  p r e su m e d  t o  go t h r o u g h  t h e

c h a i n  t o  t h e  f a r  en d  a n d  t h i s  i s  q u i t e  r e a s o n a b l e
(1 5 p i 5 5 Ns i n c e  t h e  p o l y m e r  h a s  a  h e a d - t o - t a . i l  s t r u c t u r e  v '■

I t  i s  P o s s i b l e  t h a t  s t r u c t u r a l  i r r e g u l a r i t i e s  i n  

t h e  c h a i n  .may a r r e s t  t h e  p r o g r e s s  o f  t h e  r e a c t i o n .

The  o v e r a l l  e n e r g y  o f  a c t i v a t i o n  was 5 5 .6  k . c a l , /  

mole  an d  b r a n c h e s  c a u s e d  d e v i a t i o n s  i n  t h e  k i n e t i c  

ne a s u re m  e n t s .



Ah n o ; "-A o r - b e e n  shown t o  clegro.de by  a  

" i - r a a i c a  l ch a i r  -nech a r i s n  w h ic h  i s  v e r y  d i f f e r e n t  

so  t r o  m os t  r  xdej.y  a c c e n t e d  node  o f  PYO d e a r a d a t i  on* 

The y e o d u c t s  o f  d e g r a d a t i o n  ’• h a v e  b e e n  

ex'-.mined b y  ma?s s o e c t r o m e t r y  and  f o u n d  t o  be n i t r o u e n . 

c a r b  on  mo n o x i  d e ,  e t  hy  1 e n e , c a r  b on d i  ox i d  e ,  a c e t  i  c 

a c i d ,  ben  a e n e  and  t o l u e n e .

5 / .  R e v ie w  o f  D e g r a d a t i o n  and u s e s  o f  G o ^ o l i n e r s  

o f  VA and  .VO.

T h e s e  c o p o l y m e r s  h a v e  a a i d e  v a r i e t y  o f  uses , ,  

v e r y  o f t e n  a s  a  s u b s t i t u t e  f o r  H O .  T h e i r  m ain  

u s e s  a r e  f o r  g ram ophone  r e c o r d s ,  v i n y l  f l o o r i n g  and 

a d h e s i v e s • The  ' u r o o s e  o f  a d d i n g  VA t o  PYO i s  t o  

l o w e r  the.  g l a s s  t r a n s i t i o n  t e m p e r a t u r e  t h u s  m ak ing  

t h e  p o l y m e r  r p o c . e s s a b l e  a t  l o w e r  t e m p e r a t u r e s  end  

t h  o r  e f  o r  e more ec  o r  omic a l  I v  ,,

T h e  i n t e r e s t  i n  t h e  d e g r a d a t i o n  o f  t h e  c o p o l y m e r s  

s te rns  f r o m  t h e i r  t e n d e n c y  t o  b e g i n  t o  d e g r a d e  a t  t h e  

p r o c e s s i n g  t e m p e r a t u r e  a s  t h e y  a r e  more u n s t a b l e  t h a n  

PYC * A l s o  new u s e s  o f  t h e  p o l y m e r  h a v e  b e e n  f o u n d  

i n  t h e  m a n u f a c t u r e  o f  t r a n s p a r e n t  a r t i c l e s ,  s u c h  as  

t r a n s p a r e n t  egg  b o x e s , w h e re  i t  w o u ld  be 

a d v a n t a g e o u s  t o  a v o i d  d i s c o l o u r a t i o n  w h i l e '  u s i n g
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:inn ec t  i  on m.ou l .d ing .

•/ery l i t t l e  p u b l ished  ".I t e r  a t 1 ore i s  ava i l  able 

or. th e  degrac a t i  on of th e se  c o m !  ymers . One
( 7 n ~z. \

p an e r  ■ ' p u rp o r t s  to  d i sc u s  3  the  ne chan ion  of  

to e  i r  oreardown arc! conn are  i t  w ith  th e  mechanism 

t o r  -vn » This c?aim i s  n o t  s u b s t a n t i a t e d  end no 

in fo rm a t io n  Is  to  be ob ta ined  from t h i s  roarer.

•The only  o th e r  o a re r  which r e p o r t s  the

d 0  [ • r  ad a1 t  i  on <.5 f  t  h e s e c o 0 1 yn er  s des o r i  b e s th e 1.1 s e
.P  „  -  ^  ( 164-1 , . j .  . . .  .  .

0 1  »?..* . •;, - t o  s e p a ra te  m e  two a c ia  p roducts  -

a c e t i c  a c i d  and hy d ro g en  c h l o r i d e . rnhe  r a t i o  o f

a c e t i c  e c id  to  hydrogen chlorl.de found was almost

i d e n t i c a l  to  t h e  r a t i o  of  \r* to  VO obtai.ned by

i n f r a - r e d  m e c t r  oscooy. Also, by the  n a tu re  of th e

c a l c u l a t i o n s  * i t  was shown t h a t  th e  predominant

p r o d u c t s  b y  f a r  a r e  a c e t i c  a c i d  and h y d r o g e n  c h l o r i d e

In  the  s t a b i l l  s a t io n  of th e s e  cop 0 lymers a t

p r e s e n t  th e  tendency  Is  simply to  add in  something

w h ic h  w i l l  s t a b i l i s e  H O ,  h o p i n g  t h a t  i t  w i l l  work

r  0  a s on ab ly  wo 11.

6 ^. The ■nu-!-‘-nr>q9  o f  t h  1 s /o rk»

T he  P u r p o s e  o f  t h i s  work  was t o  ex am ine  t h e

d i f f e r e n t  f a c e t s  o f  t h e  d e g r a d a t i o n  o f  c o p o ly m e r s



s c .

o f  VA an d  VO i n  on p . t t e m t  t o  f? r .d  o u t  how t h e y  

do an ' ' d e . v,h~r t h  ev  d e g r a d e  an d  a l s o  how t o  a r r e s t  

t h e  d e a r  ad a t ' l o o  , I t  won a l s o  h o p e d  t h a t  t h e  

s t u d y  o f  t h e  c o n c lyner .n  w o u ld  he  I n  t o  c l . a r i f y  

t h e  p r e s e n t  v e r y  c o u f u s e d  p o s i t i o n .  r e g a r d i n g  

t h e  r i e c h a n i sm  o f  PVC d e g r a d a t io n : . .
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R;r'^',RT' ' i  ?a j ..

1)  . T:'T6 'v^i‘a t i  oji o f  P o l y r e r s  ♦

• A ’ . "u r  i i  i .ca t i  on o f  ■ To^'*n o r 3  .

V i  ( H e r e i n  an d  -'/I H i  a - 13 l t d . ' was  d i s t i l l e d  

under* an. i n e r t  a tnosnh e r e .  t h e  f r a c t i o n ' d i s t i  111 ng
t o /• ^oau 7 0 " 0 — 72 ~0 was  u s e d .  'Thin, p r o c e d u r e  r e m o v e d  

b o t h  i n h i b i t o r  and  i m p u r i t i e s .

VO ( 1 . 0 , 1 .  l t d .  ) w as  u s e d  f ron .  t h e  c y l i n d e r  

and  t r e a t e d  a s  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .

B } , P i  j 11 p  y D i  1 atom e t  e r  s .

f h e  i n i t i a t o r  f o r  7 0  l y n e r i  s a t i  on  was a s o - b i s -  

i  s  o - b  1 i t y r  on i  t r i  l e  ( IS a  s t  man Po d a h  T t  d . V o r  e v i  c) u s 1 v  

r e c r y s t a l l i s e d  f r o m  e t h a n o l .  I t  was i n t r o d u c e d  i n  

t h e  f o rm  o f  a  s o l u t i o n  i n  b e n z e n e ,  t h e  b e n z e n e  t h e n  

b e i n g  r em o v ed  on a  s u c t i o n  oumo.

VA was  p o u r e d  i n t o  a  r e s e r v o i r . ,  d e g a s s e d  f o u r  

t i m e s ,  d i s t i l l e d  i n t o  a  g r a d u a t e d  r e s e r v o i r  and ,  

f i n a l l y 7 d i s t i l l e d  i n t o  t h e  d t l a t o m e t e r  c o n t a i n i n g  

i n i t i a t o r .

VO was d i s t i l l e d  f r o m  t h e  c y l i n d e r ,  t h r o u g h  a  

n e e d l e  v a l v e ,  i n t o  a  r e s e r v o i r ,  d e g a s s e d  f i v e  t i m e s ,



cl'!.'’c i  i l e d  i n t o  a  g r a d u a t e d  r e s e r v o i r  t h e n  d i s t i l l e d  

i n t o  t h e  d i I n t e r n e t e r ,  f!?he d i s t i l l a t i o n s  were

c a r r i e d  o u t  f rom  a r e s e r v o i r  a t  -  6 ^ ' C  a t  which 

h e j ip e r a t *• .1  r e  t h e  v i n y  1 ch 1 o r i d 0  i s  a 1 Io 11 i d  „

0 ) • .to1 v vn© ri 0 a t i .  on  .

?(>3.ymer i s a t i o n s  w e r e  c a r r i e d  o u t  i n  b u I t  a t
y 0 1 0  V, c o o l e r s ' 0

,0 ,
jv. v by n o r m a l  d i l a t  one  t r i e  methods^. l o r e  h a d  t or i r \  J n  Ol; j

b e  e x e r c i s e d  a s  c e r t a i n  m ononer  m i x t u r e s  f o r  

p r e p a r a t i o n  o f  s. co '»olymer w i t h  VC c o n t e n t  a r o u n d  

^5: exro3 o d ed  d u r i n g  o o l y . n e r i s a t i  on..

D ) .  p p e c i . p i . t a t i o n .  and  D r y i n g  o f  t h e  P o l y m e r s .

The u n ' i y ' e r s  w e r e  n r e c i m i t a t e d  i p  two ways 

d e n  end !  n r;; on  c on.no s i  t  i. o n .

( a ) .  G onolyrners  o f  h i g h  VO c o n t e n t  w e re  

d i s s o l v e d  i n  e y e l o h e x a n o n e  and  n r e c i n i t a t e d  i n  

m e t h a n o l . t h i s  n r o c e s s  was  r e n e a t e d  t h r e e  t i m e s  

an d  t h e  c o n o l y m e r  was d r i e d  i n  a  vacuum oven f o r  

s e v e r a l  d a y s  a t  a b o u t  4 5 ' ' 0 .

( b ) . C o n n ly m e r s  w i t h  o v e r  a b o u t  40 .' v i n y l  

a c e t a t e  w e r e  n r e c i n i t a t e d  f ro m  .ace to n e  s o l u t i o n

in. a  s u i t a b l e  w a t e r / m e t h a n e  1 m i x t u r e ,  t h e  compos i t !  '*n 

o f  w h i c h  h a d  t o  be  v a r i e d  w i t h  c o p o ly m e r  c o m n o s i t i o n .  

The c o n o l y m e r  was  t h e n  ‘‘f r e e z e - d r i e d "  u s i n g  b e n z e n e



q 1 iron jj

2 ) . T '• Ri i i cl Th s e Do n r  ad a t i  on .

The s . n n s r a t u s  j-n w h ic h  t h e s e  d e g r a d a t i o n s  w e r e  

r e r f o r m e d  i s  shovm i n  f i g u r e  2 .  The l i q u i d  i n  t h e  

f l a s h  A was c o n t i n u o u s l y  b o i l e d ,  t h e  d e g r a d a t i o n  t u b e  

b e i n g  h e a t e d  b y  t h e  d i s t i l l i n g  v a n o u r • T h i s  s y s t e m

h a s  t h e  a d v a n t a g e  o f  m a i n t a i n i n g  a  s t a b l e .  

r e n r o d n c i b " 1 e t e ^ m e r  n tn p -e . l u o t 1 ■*a t i . r*n& c r ’u  ed b v

ch anger,  i n  a t m o s p h e r i c  o r e s s u r e  w e r e  sna.11 enough 

t o  b e  n e g l e c t e d  as  was  e v i d e n c e d  by  a  t h e r m o c o u p l e  

p l a c e d  in. t h e  a p p a r a t u s .

A ) .  I n  T t h y l  b e n z o a t e .

The d e g r a d a t i o n  t u b e  f o r  t h e  r e a c t i o n s  i n  e t h y l  

b e n z o a t e ,  ( M e rs e y  C h e m ic a l s  l t d .  ) ,  w h i c h  was  

d i s t i l l e d  b e f o r e  u s e ,  i s  shown i n  d e t a i l  i n  f i g u r e  5 .  

n i t r o g e n  was  p a s s e d  o v e r  t h e  s u r f a c e  o f  t h e  s o l u t i o n ,  

t h e  c o n c e n t r a t i o n  o f  w h ic h  was  a b o u t  100 mg. o f  

c o p o l y m e r  i n  10 m l .  o f  e t h y l  b e n z o a t e .  D e g r a d a t i o n  

y i e l d e d  a  m i x t u r e  o f  h y d r o g e n  c h l o r i d e  and  a c e t i c  a c i d .  

The h y d r o g e n  c h l o r i d e  was  c a r r i e d  o v e r  b y  t h e  

n i t r o g e n  a^d  c o l l e c t e d  i n  t h e  w a t e r  t r a p .  The a c e t i c  

a c i d  was  r e t a i n e d  b y  t h e  e t h y l  b e n z o a t e  f ro m  w h ic h  

i t  was  rem o v ed  b y  e x t r a c t i o n  wi t h  w a t e r . The
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Figure  Z
Apparatus  for  S o l u t i o n  D e g r a d a t i o n s ,

L a g g e d  
J  a c k e t .

-Deg rada t ion

The  r m o c o u p l e --------
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H e a t i n g
Liquid
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b o ,

am o u n ts  o f  e a c h  a c i d  l i b e r a t e d  o v e r  s u c c e s s i v e  t i m e  

i n t e r v a l s  w e r e  d e t e r m i n e d  by  t i t r a t i o n  a s  d e s c r i b e d  

i n  I I  2 B ( i i ) .

I n  a n o t h e r  s e r i e s  o f  d e g r a d a t i o n s  t h e  n o ly m e r  

so l o t i o n s ,  a f t e r  d e g r a d a t i o n ,  v /e re  u s e d  t o  o b t a i n  

u l t r a - v i o l e t  s n e c t r a  o f  t h e  d e g r a d e d  n o l v m e r ,  a s  

d e s c r i b e d  i n  I I  4- and  m o l e c u l a r  w e i g h t ,  a s  d e s c r i b e d  

i n  I I  5 .

B ) . I n  T r i  — T o l u y l  P h o s o h a t e .

T r i  -  t o l u y l  y h o s n h a t e  was k i n d l y  d o n a t e d  by  

B r i t i s h  Peon  l t d .

( i ) .  D e g r a d a t i o n .

T he  a p p a r a t u s  u s e d  was shown i n  f i g u r e  4 .

The o n l y  d i f f e r e n c e s  b e t w e e n  t h i s  a p p a r a t u s  and  t h a t  

u s e d  f o r  d e g r a d a t i o n s  i n  e t h y l  b e n z o a t e  w ere  t h a t  

t h e  n i t r o g e n  was now b u b b l e d  t h r o u g h  t h e  d e g r a d i n g  

s o l u t i o n ,  t o  rem ove  t h e  h y d r o g e n  c h l o r i d e ' a n d  a c e t i c  

a c i d ,  a n d  t h a t  t h e r e  was a  t h e r m o c o u p l e  i n  t h e  

s o l u t i o n .  The p e r c e n t a g e  d e g r a d a t i o n  w i t h  t i m e  was 

c a l c u l a t e d  a s  f o r  t h e  d e g r a d a t i o n s  i n  e t h y l  b e n z o a t e  

b u t ,  a s  t h e  p r o d u c t s  w e r e  b e i n g  rem oved  f ro m  t h e  

s y s t e m  i n t o  t h e  w a t e r  t r a o g  one  d e g r a d a t i o n  gave  

a s  much i n f o r m a t i o n  as  many s e p a r a t e  d e g r a d a t i o n s
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( i  A . H a. t  A o s o f  ?Pr o due t  s .

At  t w e l v e  h o u r  i n t e r v a l s ,  t h e  r a t i o  o f  a c e t i c  

a c i d  t o  h y d r o g e n  c h l o r i d e  was d e t e r m i n e d  by 

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

w i t h  a  s t a n d a r d  s o l u t i o n  o f  sod ium  h y d r o x i d e  t o  

d e t e r m i n e  t o t a l  a c i d  a n d  t h e n ,  t o  d e t e r m i n e  c h l o r i d e  

c o n c e n t r a t i o n ,  w i t h  s i l v e r  n i t r a t e  s o l u t i o n .  A f t e r  

t h i s  t i m e  i n t e r v a l ,  s u f f i c i e n t  a c i d  was  p r e s e n t  t o  

p e r m i t  t h e  u s e  o f  s i l v e r  n i t r a t e v The r a t i o  

c a l c u l a t e d  was  m o le s  a c e t i c  a c i d  t o  m o le s  h y d r o g e n  

c h 1o r i d e  i n  e ach c a s e .

( i i i ) .  U l t r a - v i o l e t  S p e c t r a  o f  D e g r a d e d  S o l u t i o n s  

T h e  p r o b l e m  h e r e  was  t o  o b t a i n  s a m p le s  f o r  

u l t r a - v i o l e t  m e a s u r e m e n t s  a s  a  f u n c t i o n  o f  r e a c t i o n  

t i m e  w i t h o u t  d i s t u r b i n g  t h e  r e a c t i o n  a n d  t h e r e b y  

t a k i n g  f u l l  a d v a n t a g e  o f  t h e  c o n t i n u i t y  p e r m i t t e d  

b y  t h e  f l o w  o f  n i t r o g e n  t h r o u g h  t h e  s o l u t i o n .  T h i s  

p r o b l e m  was o v e rco m e  u s i n g  t h e  a p p a r a t u s  shown i n  

f i g u r e  5 .

S a u r i e s  w e r e  t a k e n  by  c l o s i n g  K-, ,  t h e n  K? t h e n

o m e n in g  K - . The  o r e s s u r e ^ o f  t h e  n i t r o g e n  was t h e n  ■ ^

i n c r e a s e d  t o  f o r c e  t h e  s o l u t i o n  uo  t h e  i n s i d e  t u b e .



F i g u r e  5 .

A p p a r a t u s  f o r  S o l u t i o n  S a m p l e s .

SC.
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Po I y m e r 
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The .-joint Y h a d  t o  b e  h e l d  by h a n d  t o  op e v e n t  i t s  

s p r a n g i n g  a n a r t  b e c a u s e  o f  t h e  n r e s s u r e  i n s i d e  t h e  

ao  n s r a t u s . The^  t h e  l e v e l  was  b r o u g h t  no t o  t h e  

n a r k  T ,  t h e  s a m p le  v/as t a k e n  by  means o f  a s y r i n g e ,  

t h r o u g h  'a s e ru m  can  ( S . O . )  and  t h e  a n n a r a t u s  was  

t h e n  r e t u r n e d  t o  n o r m a l  o p e r a t i o n  b y  l o w e r i n g  t h e  

p r e s s u r e  o f  n i t r o g e n ,  c l o s i n g  K7 end om ening  EV,

t o  ")  ̂ -j «

° a r t  o f  t h e  a d . i p u o t  rem oved  was  n l a c e d  i n  a  

2 mm. c e l ]  and  t h e  r e s t  i n t o  a  s a m p le  t u b e  f o r  

f  u r  t  h e r  u s e , i  f  n  e c e s s a r y . 

r r  . Ac ° t i c  \c id .  T ? e t e n t ? o n .

A c e t i c  A c id  was  r e t a i n e d  b y  e t h y l  b e n z o a t e  

b u t  n o t  b y  t r i - t o l u y l  o h o s p h a t e .  T h i s  b e h a v i o u r  

was  i n v e s t i g a t e d  b u t  f o u n d  o n l y  t o  b e  c a u s e d  b y  

t h e  d i f f e r e n c e  i n  v o l a t i l i t y  o f  t h e  two s o l v e n t s ,  

i t  b e i n g  i m p o s s i b l e  t o  p a s s  n i t r o g e n  t h r o u g h  t h e  

e t h y l  b e n z o a t e  s o l u t i o n  a s  t h e  s o l v e n t  v/as c a r r i e d  

o v e r .

D) .  E f f  e c t _ o f  S o 1 v e n t .

The e f f e c t  o f  s o l v e n t  on t h e  c h a r a c t e r i s t i c s  

o f  t h e  d e g r a d a t i o n  r e a c t i o n  was  s t u d i e d  f o r  PVA 

a n d  PVC b y  u s i n g  d i f f e r e n t  s o l v e n t s  t o  make up t h e



m

h i t - ,.on f o r  d e g r a d a t i o n .  The s o l u b i l i t i e s  o f  t h e  

p o l y m e r s  r e s t r i c t e d  t h e  num ber  o f  o o s s i b l e  s o l v e n t s  

t o  e t h y l  o e n z o o t e , d i ~ c h  1 o r o —r a n t h a l e r e  an d  

b e n z o o h e n o n e , t h e  l a s t  b e i n g  v e r y  p o o r  f o r  P7A.

The  a p p a r a t u s  u s e d  v/as a s  i n  f i g u r e  p .  

hi).  - I f  a c t  o f  T e m n e r o t n r e .

T h e s e  s t u d i e s  w e r e  c a r r i e d  o u t  on t r i - t o l u y l  

p h o o u h a t e  s o l u t i o n s  by c h a n g i n g  t h e  c o n t i n u o u s l y  

d i s t i l l i n g  l i q u i d  i n  t h e  f l a s k  A a t  t h e  b a s e  o f  t h e  

v a p o u r  p a c k e t .  The  a o n a r a t u s  u s e d  was  a s  i n  f i g u r e  A 

p ) . 3 0  i.-i c\ ph n ry e ’0  e rrc ad a t i  on 0  .

A) . I n  Dynam i  c 7 7o 1 e ci 1 1 a r  3 1 i  11 .

I n i t i a l  d e g r a d a t i o n s  i n  t h e  s o l i d  p h a s e  w e re  

c a r r i e d  o u t  u s i n g  a  dynam ic  m o l e c u l a r  s t i l l  a n n a r a t u s  

w h i c h  i s  shown i n  f i g u r e  6 . T h i s  a on a r  a t 1 "is v/as 

b a s i c a l l y  s i m i l a r  t o  t h a t  u s e d  bv" G r o s s i e  and  M e l v i l l e  

The p o l y m e r  s a m p l e  was 0 l a c e d  i n  a  s t a i r l e s s  s t e e l  

t r a y  an d  a  s i n t e r e d  s t a i n l e s s  s t e e l  l i d  was 

s c r e w e d  i n  o l a c e .  T h i s  t r a y  was  t h e n  s c r e w e d  i n t o

t h e  h e a t i n g  b l o c k ,  w h i c h  was a l s o  o f  s t a i n l e s s  s t e e l ,

t h e  s y s t e m  was  e v a c u a t e d  and  t h e  d e g r a d a t i o n  c a r r i e d  

o u t .  The  p r o d u c t s  w e r e  t r a m p e d  i n  t h e  t h r e e - a r m e d  

t u b e ,  d i s s o l v e d  i n  w a t e r  an d  t i t r a t e d .

( 1 5 4 )



l u r i n g  t h e  d e g r a d a t  i o n , t h e  s y s t e m  i s  c o n t i n u e  v i s ly  

ri.in.yed o u t .

'.'N‘ . li'li erme.l  Vo I n  t  i  l i  s a t i o n  /w* a ] i n

The s a i m l e s  w e r e  d e g r a d e d  i n  t h e  a o u a r a t u s  show
n  r c >

m  n g u r e  7 w h ic h  i s  t h a t  o f  r d Te i ]  1 ■ y . T h i s  

a p p a r a t u s  i s  a l s o  c o n t i n u o u s l y  pumped.

( i ) .  I n i t i a l .

T h e s e  w e r e  d o n e  i n  t h e  s o l i d  o h a s e  on s a r m i e s  

o f  a b o u t  ° 5 mg . ,  t h e  e x a c t  w e i g h t  b e i n g  n o t e d  i n  

e a c h  c a s e .  The o u t o u t  o f  t h e  u i r a n i  gau g e  was 

c o n t i n u o u s l y  t r a c e d  on a  r e c o r d e r  c h a r t ,  m a r t s  

b e i n g  -»ut on t h i s  t r a c e  a t  one  h u n d r e d  d e g r e e  

i n t e r v a l s  i n  t h e  t e m o e r a t u r e  o f  t h e  i n s i d e  b a s e  

o f  t h e  d e g r a d a t i o n  t u b e ,  w h ic h  h a s  b e e n  o r e v i o u s l y  

d e t e r m i n e d  w i t h  r e s p e c t  t o  t h e  oven, t e m o e r a t u r e .

I n  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  t h e  v o l a t i l e s  

w e r e  m e r e l y  p u n n e d  away,  no a t t e m p t  b e i n g  made t o  

c o l l e c t  them f r o m  t h e  t r a p  a f t e r  t h e  r u n  h a d  b e e n  

c o m p l e t e d .

( i i ) .  F u r t h e r .

I t  was i n t e n d e d  t o  t r a p  t h e  p r o d u c t s  f ro m  t h e  

two m a in  p e a k s ,  s e p a r a t e  them  b y  g as  l i q u i d  

c h r o m a t o g r a p h y ,  an d  r u n  mass s p e c t r a  on t h e  e f f l u e n t
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f ro m  t h e  g a s  l i q u i d  c h r o m a t o g r a p h  .

Mho smmole s i z e  u s e d  f o r  d e g r a d a t i o n  v/as a b o u t  

1 0? i"1:-’. , mo. t h e  o r o d u c t  sa  moles  w e r e  c o l l e c t e d  

0 7 '  d i s t i l l i n g  t h e  o r o d u c t s  f ro m  t h e  t r a n s  i n t o  

c n n v e n i e r . t l y  s h o o e d  t u b e °  o f  t h e  f o rm  s h o r n  in. 

f i g u r e  8 .  It* t h i s ,  t h e  s e ru m  ’can  w a r, f o r  e r h r s e t i o r  

o f  a. so s o l e  o f  t h e  g a s m a t e r ' *  °  ̂ *"i t h  a 0 \°s s y r i  n p e  

4-). U l t r a —v i o l e t  S o e c t r a * 1 "’e a s u r e m e n t s .

U‘i t r  a - v i o l e t  s o e c t r a  o f  t h e  d e g r a d e d  p o ly m e r  

s o l u t i o n s  w e r e  ta lcen  on a  U n i  cam S. P .  800 

s o e c t r o g h o t o m e t e r , w i t h  s o l v e n t  i n  t h e  r e f e r e n c e  beam.

O r i g i n a l  s o e c t r a .  w e r e  c a r r i e d  o u t  i n  10 mm. 

c e l l s  u s i n g  d i l u t e d  s o l u t i o n s .

h a t e r ,  more  a u a n 1 5.t a t i v e , s n e c t r a  w e r e  m e a s u re d  

i n  .0 mn. c e l l s  u s i n g  a  s o l u t i o n  o f  t h e  same 

c o n c e n t r a t i o n  a s  t h e  d e g r a d i n g  s o l u t i o n  n r  t h e  

d e g r a d i n g  s o l u t i o n .  i t s e I f .

5 )  • M o l e c u l a r  e i m h t  M e a s u r e m e n t .

M o l e c u l a r  w e i g h t s  w e r e  m e a s u r e d ,  on a M e c h ro la b  

H ig h  S n e e d  Membrane O sm o m ete r , i n  e t h y l  b e n z o a t e ,  

u s i n g  an T J l t r a c e l l a  " f e i n s t ” mra.de membrane.
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F i g u r e  8

To P u m p s .

Se rum
Cap.

1 0 ml.
F l a s k .

P r o d u c t  C o l l e c t i o n  V e s s e l  f o r
T.  V . A.
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l e t  e r m i n a t i o r  o f  oho He a.c t i v i t y  K a t i e s  f o r  t h e  

Coro ** y o o r  ? s n t i  o t i  o f  Y i r v l  A c e t a t e  and  V i m l  Oh l o r  id© • 

O re  o f  t h e  f i r s t  e s s e n t i a l s  i n  d e a l i r f r  w i t h  

■core1 y n e r s  I s  t o  be a b l e  t o  d e t e r m i n e  t h e i r  

c o m p o s i t e  o r s  . S e v e r a l  m e th o d s  h a v e  b e e n  u s e d  i r  t h e  

■^ast^ u s n p i  l y  i n y n  i vine* d i r e c t  c h e m i c a l  a n a l y s i s  • T h i s  

m e th o d  can  b e  s u i t e  a c c u r a t e  b u t  t e n d s  t o  b r e a k  down 

when on e  i r  d e a l i n g  w i t h  c n —monomers s u c h  as  to e t h y l  

m e t h a c r y l a t e  and  e t h y l  a c r y l a t e ,  w h ic h  h a v e  e x a c t l y  

t h e  same mo l e c u l a r  f o r  mu l a*  Ay* a n a l y t i c a l  m e th o d  

w h i c h  h a n come i n t o  g e n e r a l  u s e  i n  r e c e r t  y e a r s  i s  

n u c l e a r  m a g n e t i c  r e s o n a n c e  w h ic h  d i s t i n g u i s h e s  b e t w e e n  

p r o t o n s  i n  d i f f e r e n t  e n v i r o n m e n t s .  T h i s  m e th o d  was 

deemed t o  h a v e  c o n s i d e r a b l e  p r o m e c t  i n  d e a l i n g  w i t h  

t h e  c o p o l y m e r s  w i t h  w h ic h  t h i s  t h e s i s  i s  c o n c e r n e d .

1)  . 1 i’h e Co no 1 ymer  i s  a.t i o n  d g u a t i o n  .

/hen two o r  m ore monomers a r e  c o r o l y m e r i s e d  

t o g e t h e r  c o n o l y m o r i s a t i o n  c a n  o c c u r .  The 

c o m p o s i t i o n ,  o f  t h e  c o p o l y m e r  o b t a i r e d  may be  v a r i e d  

by  v a r y i n g  t h e  . c o n c e n t r a t i o n s  o f  t h e  m onomers .

T h e •c o m p o s i t i o n  o f  t h e  c o o o l y m e r  w i l l  d e p e n d  on 

t h e  r e a c t i o n s  w h ic h  u s e  u p  monomer n a m e l y  t h e
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i  n o r cronar-ca ti on s te n s  
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i n  w h ic h  H-j an d  M0 a r e  t h e  r a d i c a l s  d e r i v e d  f ro m

i a n d  M  ̂ r e s p e c t i v e l y .  The r a t e  a t  w h ic h  monomer 1

i s  u s e d  up  i s  

d •1

d t ’11
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r  iT T 7Tl,p 1_ ~J -  J -PI i o

a n d  t h e  r a t e  a t  w h ic h  monomer 2 i s  u s e d  uo i s

r \Cl u
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T r 7. T 7..T
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bpo [h0

I n  t h e  s t a t i o n a r y  s t a t e ,  t h e  c o n c e n t r a t i o n s  o f  M-, 

a n d  Ii0 m u s t  b e  c o n s t a n t  and  a l s o  tin? r a t e  o f  

c o n v e r s i o n  o f  i'-| i n t o  Mpv m u s t  be  equa l  t o  t h e  r a t e
i* *

T U i r itn  T"o i  co n v e r s7 .o n  ox ! p  irvco 1 j  ^ t h e r e f o r e

m
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m  w h ic h  17T-] | and

d 7'v -w

o r e  t h e  m o l a r  c o n c e n t r a t i o n s  i n

t h e  monomer m i x t u r e . and d 1 end  d a r e  t h e
_  -J -  £,
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c on c o r t r a i t  o r  r o f  t h e  mo nor1 o r  vir> i t s  in  t h e  ■oo!! vrnor 

c h a i n  • i f .  now, t h e  mo l o r  r a t i o  o f  norm 'mops i*̂  t h e  

n' .mc'.wr m i x t u r e -  end t h e  r a t i o  o f  t h e  monomer u n i t s  

i n  t h e  e o .1 Trr:iGT1 c h a i r  e r e  h o o v e 5 o <spsoh o f  p-, vem u is  

m  may b© d raw n  u s i n g  e c u . a t i o n  (Z)* Tf t h i s  

p r o c e d u r e  i s  c a r r i e d  o u t  f o r  severe .],  c o r o l y m e r s , a. 

s e r i e s  o f  s t r a i g h t  l i n e s  i s  o b t a i n e d .  t h e  

c o o r d i n a t e s  o f  t h e  n o i u t  a t  w h ich  th©”r m ee t  p e r  r e c e n t ?  

t h e  s o l u t i o n  o f  t h e  s i m u l t a n e o u s  e q u a t i o n s  and t h u s  

g i v e  t h e  t r u e  v a l u e s  o f  p-, and r 0 . H o w e v e r . i n  

n r a . c t i  c e , i t  i s  p p s p U r  f  o11̂ !  t h a t  a i l  t h e  H u e s  

ap e  co v>cur>r o r >t end t h e  "H m ** t  s n'f e r r o r  a r e  u s u a l  l v  

e s t i  'a ted.  f ro m  t h e  mapn.itu.de o f  t h e  a r e a  i n  w h ic h  t h e  

i n t e r s e c t i o n s  o c c u r . A. t y p i c a l  a . lo t  o f  r-, v e r s u s  r 0 

. i s  shown i n  f i n u r e  I t  

2 ) . i n  o r im  en t  a. 1^

Bv v i r t u e  o f  t h e r e  b e i  nc: d i f f e r e n t  num bers  nf  

■’■'•rotons i n  e a c h  o f  two e n e m y  s t a t e s  „ t r a n s i t i o n s  

b e t w e e n  t h e  s t a t e s  c a n  b e  i n d u c e d  w h ic h  w i l l  g i v e  a  

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

T h i s  e n e r g y  i s  i n  t h e  r a d i o  f r e q u e n c y  r a n g e  and t h i s  

m e th o d  i s  c a l l e d  n u c l e a r  m a g n e t i c  r e s o n a n c e  

s p e c t r o s c o o y .



A ) .  I t a p t . e t i c  3h i o l d i n . g .

Tf  n r  a tom  o f  a  m o l e c u l e  i n  a  l a c e d  i n  a

m a g n e t i c  f i e l d ,  i t  a c Q u i r e s  a  m a g n e t i c  moment by

v i r t u e  o f  t h e  i n d u c e d  o r b i t a l  m o t io n  o f  i t s  e*1 a o t r o n f

‘Fhe  m a g n i t u d e  o f  t h i s  s e c o n d a r y  m a g n e t i c  f i e l d  i s

n r o n o r t i o r a l  t o  t h e  a m  l i e d  f i e l d  H . 3? b e  l o c a lo
m a g n e t i c  f i e l d  a t  t h e  n o n i t i o n  o f  t h e  n u c l e u s  i s

n o t  H , b u t  d i f f e r s  n l i g h t  I n  f ro m  F 0 ? 0

F O n n p l  > = F M _ rr >... , - u n  . 0 U

i n  w h i c h  or i s  a  n o n - d i m e n s i o n a l  c o n s t a n t  c a l l e d  

t h e  s c re e n in g *  c o n s t a n t • The  s c r e e n i n g  r e d u c e s  t h e  

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

m a g n e t i c  f i e l d  a s  shown i n  f i g u r e  A.



A E n e r g y
f t

Ep +  v 2 9 ,81, 1- 1,

9 S ,H 0

\ v  E 0 -  '/a  9  & ,H
A 2.

A

/  in a  m a g n e t ic  
'  f i e l d .

Sf____________
^screened nucleus

b a r 2 nucleus in a 
m a g n e t i c  f i e l d .

/
m= ' z-  '/■

As a  r e s u l t , t h e  e n e r g y  q u an tu m  r e q u i r e d  f o r  a 

t r a n s i t i o n  b e t w e e n  s t a t e s  i s  s m a l l e r ,  and  t h e r e f o r e  

r e s o n a n c e  w i l l  o c c u r  a t  a  l o w e r  f r e q u e n c y ,  o r  a t  a  

h i g h e r  a m  l i e d  f i e l d .

F o r  a  s e r i e s  o f  o r o t o n s  i n  d i f f e r e n t  c h e m i c a l  

e n v i r o n m e n t s , t h e r e  i s  a  c d r r e s o e n d i n g  s e r i e s  o f  

s c r e e n i n g  c o n s t a n t s .  As a r e s u I t  r e s o n a n c e  w i l l



•occur  i r  a  d i f f e r e n t  p a r t  o f  t h e  s n e c t r u m  f o r  each  

oh am rr  o "i 1w r,t i r c b  ^ r ^ t o r  « Thl  c< d** s fn  a cem en t  i s 

known a  a c h e m i c a l  s h i f t .  T h i s  r e a r  I t s  i r  t h e  n r n t o n

p i “o n

n o p p  r r
' y '3

g i v i n g  a b s o m t i o n  i n  a d i f f e r e n t  c a r t  o f  t h e  s p e c t r u m

f r o m  t h e  n r o t o n  b i ri b
Oq -

I
a i

„ O i rrn p 1 Jr. f  on r? j t~r r O 0 r  Ur 0 nfj'n 1 0 .

The  u n d e r l y i n g  ^ r i n c i n l e  u e r m i t t i n g  t h e  u s e  o f  

p r o t o n  m a g n e t i c  r e s o n a n c e  a b s o r n t i o n  a s  a. a uan t  i  t  a t  i  ve  

m e a s u r e  o f  a. r  a r t i c u l a r  s u b s t a n c e  i s  t h a t  t h e  s i  on a 1 

s t r e n g t h  i s  n r o n o r t i o n . a l  t o  t h e  num ber  o f  p r o t o n s  

g i v i n g  r i s e  t o  t h a t  s i g n a l .  The i n t e n s i t y  o f - a  

s i g n a l  i s  m e a s u r e d  by  t a k i n g  t h e  a r e a  u n d e r  t h e  

a o p r o o r i a t e  n e a k  i n  t h e  s n e c t r u m  a n d  t h i s  i s  made 

p o s s i b l e  b y  an  i n t e g r a t i o n  t e c h n i q u e  w h ic h  m a y  be  

b u i I t  i n t o  t h e  . y e c t o m e t e r  .

0 ) .  P r  e m a n a t i o n  o f  t h e  Com olym ers .

The c o n o l y m e r s  f o r  a n a l y s i s  w e r e  p r e n a r e d  iw t h e

s ame way a s  thms e f o r  de  g r a a  a t i o n  ( s e e  c h a m t e r  TT) .
o10 m l .  q u a n t i t i e s  w e r e  n o l y m e r a s e d  i n  b u l k  a.t 60 0 .
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o r  - i ' - d - b i o t ^ r , T hey  w e r e  mrec i m i t a t e d  i r  v a r i o u s  

ways d e m e n d in g  on t h e  c o m p o s i t i o n  ( s e e  a l s o  c h a n t e r  IT )
—* v* r-v n fo . desu  1 t s  ,

The s o e c t r a  o f  t h e  c o p o l y m e r s  —  a t y o i . e e 1 

r ^ e c t r u r  i s  shown i n  f I m r e  9 —  wer.e com oored  w i t h  

t h o s e  o f  PVA and  PVC as  shown i n  f i g u r e s .  3.0 and  13. 

r e s p e c t i v e l y .  I t  was  t h u s  shown t h a t  t h e  t e r t i a r y  

p r o t o n s  i n  t h e  YA u n i t s  g i v e  t h e  p e a k  A a t  4 . 8  r  

t h e  t e r t i a r y  o r o t o n s  i n  t h e  VC u n i t s  g i v e  t h e  p e a k  

a t  5 . o  r . 'The a b s o r n t i o n  a t  8 i s  a s s o c i a t e d  w i t h  

t h e  m e t h y l  and  m e t h y l e n e  p r o t o n s  in. b o t h  u n i t s .

T h e  n u c l e a r  m a g n e t i c  r e s o n a n c e  s o e c t r a  (JI . I f .R .  1 

w e r e  o b t a i n e d  i n  ODClv s o l u t i o n  u s i n g  a  P e r k i n  -  U lmer  

RIO 60 ! "c / s  s p e c t r o m e t e r .  The  c o m p o s i t i o n s  o f  t h e  

cono3.yne.rs w e r e  c a l c u l a t e d  f rom  t h e  r a t i o ’ o f  t h e  a r e a s  

u n d e r  t h e  two t e r t i a r y  o r o t o n  p e a k s  a s  m e a s u re d  by  

t h e  a t t a c h e d  i n t e g r a t o r .  An i n t e g r a t e d  s p e c t r u m  i s  

shown i n  f i g u r e  12 .  The  r e s u l t s  o b t a i n e d  f o r  t h e  

r a t i o s  o f  monomer u n i t s  i n  t h e  c o o o l y m e r  c h a i n s ,  

a l o n g  w i t h  t h e  m o l a r  r a t i o s  o f  monomers i n  t h e  

o r i g i n a l  monomer m i x t u r e s  'shown i n  T a b l e  I .
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P l o t  o f  

Vinyl

90.

Fig u r e  1 3 .

IV

r v e r s u s  r2 f o r  
A c e t a t c / V i n y l  C h l o f . d e  

C o p o l y  m e r s  .



91 .
fnh c  r e s u l t s  d e r i v e d  f ro m  f i g u r e  19 a r e  shown i n  

t a b l e  9 • a l o r y  w i t h  o t h e r  r e a r  I t s  o b t a i n e d  o r e v i o n s . l v ,  

n o t i n g -  t h e  m e th o d s  by  w h ic h  t h e y  w e r e  o b t a i n e d .

4 ) .  p i  s c n s s i o n .

'Phu.s t h e  v i n y l  a c e t a t e  /  v i n y l  c h l o r i d e  s y s t e m  

n r e v e s  t o  b e  o a r t i c u l a r l y  a m e n a b le  t o  t h i s  t y r e  

o f  a n a l y s i s  and  t h e  r e s u l t s  so  o b t a i n e d ,  a s  shown 

i n  t a b l e . ? . ,  a r e  i n  g ood  a g r e e m e n t  w i t h  n r e v i o u s  

v a l u e s  b a s e d  on  c h l o r i n e  a n a l y s i s ,  w h ic h  a r e  

n r o b a b l y  m ore  a c c u r a t e  t h a n  t h o s e  o b t a i n e d  by 

d  eh a l o  gen  a t  i  on b y  s i n e .
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CHAPTER IV,

I j i i t i a l  I p v e s t i g a t l  ons  .

1) . In__the j l y n a r n i c _ M o l e c u l a r _ S t i l l .

The  a p p r o x i m a t e  t e m p e r a t u r e  a t  w h ich  d e g r a d a t i o n  

p r o c e e d s  a t  a  c o n v e n i e n t l y  m e a s u r a b l e  r a t e  was  

d e t e r m i n e d  b y  i n s p e c t i o n  o f  a  P i r a n i  g au g e  p l o t ,  a s  

in  f i g u r e  14, w h i c h  i l l u s t r a t e s  t h e  r e l a t i v e  

r a t e  ( v o l t s )  o f  p r o d u c t i o n  o f  v o l a t i l e  m a t e r i a l  a s  

a  f u n c t i o n  o f  t i m e  and t e m p e r a t u r e .  The f i r s t  p e a k  

i n  f i g u r e  14 i s  a t t r i b u t a b l e  t o  t r a p p e d  s o l v e n t  

b e i n g  r e l e a s e d  f ro m  t h e  no 17/mer  on m e l t i n g ,  and t h e  

s e c o n d  t o  v o l a t i l e  p r o d u c t s  o f  d e g r a d a t i o n .

At t h e  p o i n t  A on t h i s  p l o t ,  t h e  d e g r a d a t i o n  

i s  p r o c e e d i n g  a t  a  m e a s u r a b l e  r a t e  and  t h i s  w ou ld  

b e  a  r e a s o n a b l e  minimum t e m p e r a t u r e  a t  w h ic h  t o  

p e r f o r m  i s o t h e r m a l  d e g r a d a t i o n s .  I t  i s  c l e a r  

f r o m  f i g u r e  14 t h a t  t e m p e r a t u r e s  a r o u n d  180°C 

w o u ld  be  m o s t  c o n v e n i e n t  f o r  d e t a i l e d  s t u d i e s .

A n o t h e r  r e q u i r e m e n t  b e f o r e  d e t a i l e d  d e g r a d a , t i o n  

w o rk  may b e  commenced i s  a k n o w le d g e  o f  t h e  p r o d u c t s  

o f  t h e  r e a c t i o n .  As s t a t e d  i n  t h e  i n t r o d u c t i o n ,
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t h e s e  h a v e  b e e n  ah ova ho b e  aim o a t  e x c l u s i v e l y  

a c e t i c  a c i d ,  and h y d r o y e n  c h l o r i d e  b u t  i t  was  

d e c i d e d ,  t o  c h e c k  t h a t  t h i s  was t h e  c a s e  w i t h  t h e  

o r e s e n t  n o l y m e r s .

T h i s  mas a c c o m p l i s h e d  by  h e a t i n g  t h e  n o lv m e r  

s a m p l e ' u n  t o  n o i r t  B ‘': r  f i s u r e  Id-, a t  w h ic h  n o i r . t  

a l l  t h e  s o l v e n t  h ad  b e e n  d r i v e n  o f f  an d  no 

d e g r a d a t i o n  h ad  o c c u r r e d .  The n o ly m e r  was 

m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  f o r  a b o u t  one h o u r  

an d  t h e  p e r c e n t a g e  l o s s  i n  w e i g h t  o b t a i n e d .  I n  

l a t e r  w o r k ,  t h e  w e i g h t s  o f  m a t e r i a l  u s e d  w e re  

c o r r e c t e d  b y  t h i s  a m o u n t .  S u b s e q u e n t  l o s s  in  

w e i g h t  a t  h i g h e r  t e m o e r a t u r e s  was f o u n d  t o  b e  e q u a l  

t o  t h e  am ount  o f  a c e t i c  a c i d  and h y d r o g e n  c h l o r i d e  

c o l l e c t e d ,  w i t h i n  t h e  l i m i t s  o f  t h e  e x p e r i m e n t ,

2 ) .  B y J T h e rm a l  V o l a t i l i s a t i o n  A n a ly s is^ .

A t y p i c a l  p l o t  o f  o r e s s u r e ,  a s  m e a s u re d  b y  

P i r a n i  o u t p u t ,  a g a i n s t  t i m e ,  o r  t e m p e r a t u r e ,  f o r  

t h e s e  d e g r a d a t i o n s  i s  shown i n  f i g u r e  I f .  T h i s  

i n d i c a t e s  a  s i m i l a r  t h r e s h o l d  t e m p e r a t u r e  o f  

d e g r a d a t i o n  t o  t h a t  o b t a i n e d  u s i n g  t h e  m o l e c u l a r  s t i l l .  

The g r e a t e s t  a d v a n t a g e  o f  t h i s  t e c h n i q u e  i s  i t s
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F i g u r e  f 5.

r  6 0

- 5 0

- 3 0
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T y p i c a l  P l o t  o f  P i r a n ' i  R e a d i n g  

A g a i n s t  p e r a t u r e  by  T h e r m a l  

V o l a t i l i s a t i o n  A n a l y s i s  f o r  a  

s o / s o  VA VC C o p o l y m e r



a b i l i t y  t o  d e m o n s t r a t e  t h e  r e l a t i v e  s t a b i l i t i e s  

o f  t h e  d i f f e r e n t  c o p o l y m e r s .  T h i s  i s  do n e  s i m p l y  

by  s u p e r i m p o s i n g  t h e  v a r i o u s  p r e s s u r e  /  t e m n e r a t u r e  

a l o t s  a s  I p. f i g u r e  16 when m in o r  d i f f e r e n c e s  i n  

t h r e s h o l d  t e m p e r a t u r e  a r e  c l e a r l y  e v i d e n t .  T h e s e  

a r e  made c l e a r  when o n l y  t h e  low t e m p e r a t u r e  s e c t i o n s  

o f  t h fi c u r v e s  a r e  p l o t t e d  u s i n g  a  w i d e r  t e m n e r a t u r e  

s c a l e  a s  i n  f i g u r e  1 ? .  The r e l a t i v e  s t a b i l i t i e s  

a r e  s e t  o u t  i n  t a b l e  6 .

A t t e m p t s  t o  u s e  t h e s e  r e s u l t s  t n c a l c u l a t e  

e n e m i e s  o f  a c t i v a t i o n  w e r e  u n s u c c e s s f u l ,  p r i n c i p a l l y  

b e c a u s e  o f  t h e  d i f f e r e n t  r e s p o n s e s  o f  t h e  P i r a n i  

g a u g e  t o  t h e  two a c i d  p r o d u c t s .

3 ) • Py f h  ermo g p a v i  m e t r u .

A n o t h e r  m e th o d  o f  c h e c k i n g  i n i t i a l  t e m p e r a t u r e s  

o f  d e g r a d a t i o n  i s  b y  t h e r m o g r a v i m e t r y  an d ,  a l t h o u g h  

t h i s  t e c h n i c i u e  was n o t  u s e d  e x t e n s i v e l y  i n  t h e  p r e s e n t  

w o r t , f i g u r e  18 shows th e rm o g ra m s  f o r  PVA, PVC end a  

5 0 /5 0  c o p o l y m e r ,  o b t a i n e d  u s i n g  a Du P o n t  650 

t h e r m a l  a n a l y s e r .  The f a c t  t h a t  t h e s e  a r e  s i n g l e  

s t e p  c u r v e s  s u g g e s t s  t h a t  t h e r e  i s  o n l y  one m echan ism  

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

b e l o w  4-25 ° C.
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f o r  al l  Po l ymer s  (vA C o n t e n t  F j r s ^



ICO.

F j g ur e I 8 .

in

-O

- >  CL

■ in

CM
W e i g h t  L o s s

i h e r m o g r a m s  o f  P VA? P v c  a n d  a O'9/ 1
Copol  y m e r .

Te
m

pe
ra

tu
re

 
(°

C



101.

TAT?IB

R e l a t i v e  s t a b i l i t i e s  n f  c o n o l y n e r s  ( i n  d e c r e a s i n g  o r d e r )
♦

as neay,itred  by T .V• A.

FYA : 1 0 0 / 1  : 1 0 / 1  : 1 9 / 1  : PYC : 1 / 1 0 0  : 1 / 1 0  :

7 5 / 2 5  : 2 5 / 7 5  : 6 0 / 4 0  : 5 0 /  5 0 .

TABLE 5 .
*Re l e t  3 . ve s t a b i l i t i e s  in  t r i - t o l r y l  phosphate .

^  1 Jf 0  0 c

PVA : 1 0 0 / 1  : 1 9 / 1  : 1 0 / 1  : PYO : 1 / 1 0 0  : 7 5 / 2 5  :

1 / 1 0  : 2 5 / 7 5  : 6 0 / 4 0  : 5 0 / 5 0 .

In  a]J. t h e s e  t a b l e s  the  copolymer conro s i  t i e r s  a re  

giver, w i th  th e  YA con ten t  f i r s t  and the  arrangement 

i s  i n  o rd e r  of  d ec reas in g  s t a b i l i t y .



1 0 2 .
A' ' ,  Jn  E t h y l  Bens n o t e  S o l u t i o n s .

An a t t e m p t  t o  m e a s u re  r a t e s  o f  d e g r a d a t i o n ,  

by  m a t i n g  c o n t i n u o u s  o b s e r v a t i o n s  o f  t h e  pH i n  t h e  

w a t e r  t r a o ,  o r o v e d  f r u i t l e s s ,  p o s s i b l y  b e c a u s e  a  

m i x t u r e  o f  a  s t r o n g  and a w e a t  a c i d  was c o n c e r n e d  

and  t h e  we a t . a c i d  i s  r e l a t i v e l y  u n d i s s o c i a t e d  a t  

low p H .

T h u s ,  a n o t h e r  method, had  t o  b e  d e v i s e d  f o r  

f o l l o w i n g  t h e  d e g r a d a t i o n  r e a c t i o n  i n  e t h y l  b e n z o a t e  

s o l u t i o n s .  I t  was  n o t i c e d  t h a t  t h e  s o l u t i o n s ,  

a f t e r  d e g r a d a t i o n ,  w e r e  q u i t e  i n t e n s e l y  c o l o u r e d  an d ,  

t h e r e f o r e ,  t h a t  u l t r a - v i o l e t  s p e c t r a  o f  t h e  d e g r a d e d  

s o l u t i o n s  m ig h t  g i v e  a. u s e f u l  m e a s u re  o f  t h e  e x t e n t  

o f  d e g r a d a t i o n .  A t y p i c a l  u l t r a - v i o l e t  s p e c t r u m  

o f  a  d e g r a d e d  p o l y m e r  i s  shown in. f i g u r e  1 9  and  a 

t y p i c a l  s e r i e s ,  i l l u s t r a t i n g  t h e  e f f e c t  o f  t im e  o f  

d e g r a d a t i o n ,  i s  shown i n  f i g u r e  2 0 .

As a l r e a d y  d i s c u s s e d  i n  c h a p t e r  1, t h e  p e a t s  i n  

t h e s e  s p e c t r a  a r e  due  t o  c a r b o n - c a r b o n  d o u b l e  bond  

c o n j u g a t i o n  o f  v a r i o u s  l e n g t h s .  The s e r i e s  i n  

f i g u r e  ° 0  shows t h a t  t h e r e  i s ,  a f t e r  a  c e r t a i n  t i m e  

o f  d e g r a d a t i o n ,  a  d e c r e a s e  i n  t h e  a c t u a l  number  o f
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10 s .

I m g  p o l y e n e  s e q u e n c e s  'w h i l e  t h e r e  i s  a v e r y  s h a r p  

i n c r e a s e  i n  s h o r t e r  s e n n e ^ c i e s . T h i s  nher.o men o r  

was  t h o u g h t  t o  be a t t r i b u t a b l e  t o  c r o s s  l i n k i n g  by a 

D i e l s - A I c i e r  t y p e  r e a c t i o n  b e t w e e n  two l o n g  c o n j u g a t e d  

c h a i n s  o r  b e t w e e n  o n e  lo n g  s e q u e n c e  and  a d o u b l e  

b o n d .  T h i s  o b v i o u s l y  had  t o  b e  f u r t h e r  i n v e s t i g a t e d  

and  t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  r e r o u t e d  

i n  C h a r t e r  V I .

The r e l a t i v e  s t a b i l i t i e s  o b ta in e d ,  by i n s  r e c t i  o r  

o f  s u c h  s n e c t r a  o f  t h e  v a r i o u s  copo lym er 's  a r e  shown i n  • 

t a b l e  d .  I t  i s  o b v i o u s  t h a t  t h e r e  i s  a t e n d e n c y 7- .for 

p o i v o e r s  c o n t a i n i n g  more VA t h a n  VO t o  be  more s t a b l e  

a t  f i r s t ,  b u t  t h e  s i t u a t i o n  i s  r e v e r s e d  a t  h i g h e r  

e x t e n t s  o f  d e g r a d a t i o n .

A t t e m p t s '  t o  m e a s u re  t h e  r a t i o s  o f  a c e t i c  a c i d  t o  

h y d r o g e n  c h l o r i d e  t i t r i m e t r i c a l l y ,  a s  d e s c r i b e d  i n  

C h a r t e r  1 ,  w e r e  u n s u c c e s s f u l  s i n c e  i t  was f o u n d  t h a t ,  

u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  a c e t i c  a c i d  was 

n o t  b e i n g  e f f i c i e n t l y  c a r r i e d  o v e r  f r o m  t h e  r e a c t i o n  

v e s s e l  t o  t h e  w a t e r  t r a p .

T h e r e  was  a l s o  e v i d e n c e  t h a t  t h i s  r e t a i n e d  a c e t i c  

a c i d  was  c a t a l y s i n g  t h e  d e g r a d i n g  r e a c t i o n .



1 .0 6 ,

T h i s  l e d  t o  a. m o d i f i c a t i o n  o f  t h e  t e c h n i q u e  

w h ic h  i n v o l v e d  e x t r a c t i o n  o f  t h e  a c e t i c  a c i d  w i t h  

w a t e r  f ro m  t h e  e t h y l  b e n z o a t e  s o l u t i o n .  I t  was  

t h u s  p o s s i b l e  t o  m e a s u re  r a t e s  o f  d e g r a d a t i o n  i n  

e t h y l  b e n z o a t e  s o l u t i o n  and  o b t a i n  t h e  r a t i o s  o f  

a c e t i c  a c i d  t o  h y d r o g e n  c h l o r i d e  i n  t h e  

d e g r a d a t i o n  p r o d u c t s .

T h i s  im p ro v e d  t e c h n i q u e  a l s o  made p o s s i b l e  a  

m ore  q u a n t i t a t i v e  e s t i m a t e  o f  t h e  r e l a t i v e  s t a b i l i t i e s  

o f  t h e  p o l y m e r s  i n  e t h y l  b e n z o a t e  s o l u t i o n .  T h i s  was  

d o n e  b y  p l o t t i n g  t h e  p e r c e n t a g e  d e g r a d a t i o n ,  a c h i e v e d  

i n  a  f i x e d  t i m e ,  a g a i n s t  t h e  o e r c e n t a g e  VC i n  t h e  

p o l y m e r  a s  shown i n  f i g u r e  2 1 .

5 ) • I n _ T r i - t o  In.y 1 _Pho_sphate^

T h e s e  d e g r a d a t i o n s ,  p e r f o r m e d  i n  t h e  a p p a r a t u s  

shown i n  f i g u r e  4 ,  a l s o  g a v e  a c o l o u r e d  s o l u t i o n  

w h i c h  was d i l u t e d  a n d  t h e  u l t r a - v i o l e t  s p e c t r u m  

m e a s u r e d .  B e c a u s e  o f  t h e  f a c t  t h a t  a l l  a c i d  p r o d u c t s  

w e r e  b lown o u t  o f  t h e  t r i - t o l u y l  p h o s p h a t e  s o l u t i o n ,  

i t  was  p o s s i b l e  t o  m e a s u r e  c o n t i n u o u s l y  t h e  am ounts  

o f  a c i d  com ing  o v e r  i n t o  t h e  w a t e r  t r a p .

In. t h e  l i g h t  o f  n r e v i o u s  e x p e r i e n c e  w i t h  pH



1 r ' (7

TABTP 4 ,

R e l a t i v e  s t a b i l i t i e s  o f  c o p o l y m e r s  i n  e t h y l  b e n z o a t e .
c^V i & o ° (̂

Time R e l a t i v e  S t a b i l i t i e s .

1 h r .  PYA : PYC : 1 0 0 / 1  : 1 /1 0 0  : 1 9 /1  :

] / 1 0  = 1 0 / 1  : 2 5 / 7 5  : 5 0 /5 0  : 6 0 /4 0  : 

7 5 / 2 5 .

2 h r  . PYC : 1 /1 0 0  : PYA : 1 0 0 /1  : 1 / 1 0  :

1 9 / 1  = 2 5 / 7 5  : 1 0 /1  : 7 5 / 2 5  : 6 0 /4 0  :

5 0 / 5 0 .

5 h r .  PYC : 1 / 1 0 0  : PYA : 1 0 0 /1  s 1 /1 0  :

1 9 / 1  : 2 5 / 7 5  : 1 0 / 1  : 7 5 / 2 5  : 6 0 / 4 0  : 

5 O / 5 O.

4  h r .  PYC : 1 /1 0 0  : PYA : 1 0 0 / 1  : 1 /1 0  :

1 9 / 1  : 2 5 / 7 5  : 1 0 / 1  : 7 5 / 2 5  : 6 0 /4 0  : 

5 0 /5 0  .

I n  a l l  t h e s e  t a b l e s  t h e  c o p o ly m e r  c o m p o s i t i o n s  a r e  

g i v e n  w i t h  t h e  YA c o n t e n t  f i r s t  and t h e  arrangem ent 

i n  o r d e r  o f  d e c r e a s i n g  s t a b i l i t y .
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1 OQ- ■ ■ / 0

■) e p o u r  n e r  t  s  i n  t h e  de  g r  ad a t  i  o n s  i n  e t  hy  l  b e n z o a t e ,  

i t  was  c l e o p . i y  more a d v a n t a g e o u s  t o  non a c i d  -  b a r e

t  1 t.T?a f;go-n ? "r-i f;H nhP^-'  T ~"'hf ha  1 oi -n pn i i r a t o r

t h n :• r b t ° i a  m e a s u re  o f  t o t a l  a c i d  c o n c e n t r a t i o n  #

I n  t h i n '  s y s t e m ,  i t  was  f a r  more s i m p l e  t o  m e a s u re  t h e  

r e l a t i y e  s t a b i l i t i e s .  T h e s e  w e r e  o b t a i n e d  by 

t a h i r g  v a l u e s  o f  the .  o e r c e ^ t a g e  d e g r a d a t i o n  a t  a 

c e r t a i n  t i m e  and  t h e y  a r e  shown i r  t a b l e  5 and a l s o . ,  

o l o t t e d  a g a i n s t  t h e  n e r c e n t a g e  VO in  t h e  p o l y m e r ,  i n  

f i g u r e  2 2 .

O o m n ar in g  t h e  d a t a  i n  t a b l e s  and S, i t  i s  

c l e a r  t h a t ,  a p a r t  f rom  m in o r  v a r i a t i o n s ,  t h e  

r e l a t i v e  s t a b i l i t i e s  i n  t h e  s o l i d  p h a s e  and  in  t r i - t o l i i y l  

o h o s o h a t e  s o l u t i o n  a r e  t h e  same.  The s t a b i l i t y  

s e q u e n c e  in  e t h y l  b e n z o a t e  i s  q u i t e  d i f f e r e n t .  P e r h a p s  

t h e  m o s t  o u t s t a n d i n g  d i f f e r e n c e  i s  t h e  f a c t  t h a t  

PYA i s  t h e  m o s t  s t a b l e  m a t e r i a l  i n  t h e  s o l i d  n h a s e  

and  in  t r i - t o l u y l  p h o s o h a t e  s o l u t i o n  w h i l e  PVG i s  

g e n e r a l l y  more s t a b l e  in  e t h y l  b e n z o a t e .
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I l l  ,

pTJ *. Wp/ "T? ir

7 T •}—! 1 c ■ '-r1 r> rj' i o "b <’■’

A  ̂ o-f-ri .-if1 p ..of-.f;-, ,̂ -p '

I n 0  "bollp"! nrnrv ,Y,t  each  a c i d  a^d bhp t ^ ' t 0 ! nr^d

ti > ’q p e y o e o t e d  . Shonlfl  ona h u n d r e d  n <">r>r».Pint «>*P t h e

a d d  o’37oii■*'r  o r  t h e  ^ ' 'b rnpy '  dba i n  be  T i b o r a t e d , was 

e e l e u A n te d .  f o r  e a c h  coOo 1 v m e r . T h o se  r e s u l t s  a r e  

r,iior?r | i n  t a b l e  6  and  r e f e r  t o  t h e  am oun ts  o f  a c i d  

e T ^ e c t e r l  f r o m  fOQ mi 1 1 i ^ r e p e  o f  • ■’■'•olvrner • A l l  nr o t e d  

■■'ereo‘phe.p;e d e g r a d a t i o n s  a r e  w i t h  r e f e r e n c e  t o  the .ee  

va  i 11 e a .

A ) .  Tn R t h y l  R e m o  a t e ,

' t h e  e x t e n t  o f  d e g r a d a t i o n  l a  t h e a e  r u n s  '’o o  

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

t o g e t h e r  w i t h  a c i d  w a s h e d  f ro m  t h e  a p p a r a t u s ,  and t h a t

o b t a i n e d  b y  e x t r a c t  ion. f rom  t h e  e t h y l  b e n z o a t e  w i t h  

w a t e r .  The t o t a l  a c i d  was  t i t r a t e d  w i t h  s t a n d a r d  

so  d i m .  h y d r o x i d e  s o l u t i o n  u s i n g  n h e n .o ln h t h a . l e i n  as  

i n d i c a t o r  a n d  t h e n  w i t h  s t a n d a r d i s e d  s i l v e r  n i t r a t e  

s o l u t i o n  u s i n g  d i c h  l o r o f  l u o r e s c e i n .  a s  i n d i c a t o r ,  t h u s  

d e t e r m i n i n g  t h e  t o t a l  a c i d s  and c h l o r i d e  r e s p e c t i v e l y .  

Runs w e r e  c a r r i e d  o u t  l a s t i n g  f ro m  one t o  s i x



n p r t i f p  o f A. c in  r  P^'or 0  'i rti fci-r.o 1 ono  i ie rra .dot i .

o f  D i f f e r e n t CoT>nivmers.

Qn~)f T~roor> :Ti  1 l im o 1 0 0  o f  l o i d
Oo’fTOr. RifiQT! f r o m  1 n 0 jvfr,

VA / VC. Oof  o,l hr. o i  i c ITvci 770 °,-071
A 0  1 rl /VoT 6 C h l o r i d e

vv  \ 1 .1 6 5 I . I 6 3

0 0 / 10 0 / 1 . 1 OR 1 .1 5 5  ° . 01328

1 9 / I 1 . 1 8 0 1 . 1 2 1  0 . 0 5 9 °

1 0 / 1 1 . 1 9 1 1 ORR 0 1 OP, 7

0 5 / 0 5 1 . 2 5 5 0 . 9 7  0 . 2645

VO /ZlO 1 . 3 0  6 0 . 7 8 3  0 . 6 7 2

0 . 9 / 1 l . ? 6 0 n . 6 4 4  0.71.6

2 5 / 7 5 1 .4 6 2 0 . 3 6 6  1 .0 9 7

1 / 1 0 1 . 5 4 0 0 . 1 4 6  1 .4 0 1

1 /8 2 1 .5 9 6 0 . 0 1 9 2 3  1 .5 7 7

PYO 1 . 6 1 . 6



1.1 A .

h o o r ~  . ' h r' o e r e  o n t a g e  d e p r e d a t i o n s  f o r  t i  mo

i ’i~ "p v  • "fpyn t  n on c ° i n n i n t e d  p"0 (5. o I '^ t t 0 d ori’a i n a t  

line e r c e r t a p e  VP Ip  t h e  ’v . ' i im e r  a s  c-i-,rrm in  

f  i n u r e s  °1  ( n e g e  1 ^ 8 '  and 1 ? .  T h e se  d e m o n s t r a t e  

tW"- ^ r 'l'hi 1 i jyyr m^vi mp op 1 Or VfJ °"nr) ^ p -n o y  vrj

The  h i g h e s t  s t a b i  l i t y  o f  a l l  i s  s e e n  to  be  a t  1001 V0} 

i . e .  .WO. 8 W e e  b u l b  PYA i s  icnown t o  be Q u i t e

c on.eid e r s b i  v  mono o t a h l e  t h a n  b u l 1r nyo tm'wover— .. -  - -  -••• - _  V .- ,  • J,

d e g r a d e t i  op i n  e t h y 1 b e n z o a t e  i s  c 1. e a r i v  a b n o r m a l .

A n o t h e r  i n d i e  a.t■’.or o f  a b n <'rma.l i  t  v  i s  t h e  o l o t  

o f  p e r c e n t a g e  d e g r a d  a t  1 on o& B in s t  t i m e  o f  d e g r a d a t i o n  

w h i c h  i s  sb o ,,Tr  i n  f i 24-,  T h i s  i l l u s t r a t e s  t h e  

f a c t  t h a t  s m a l l  c o n c e n t r a t i o n s  o f  VA u n i t s  c a t a l y s e  

t h e  r e a c t i e r  w h i  1 e a t  h i g h  VA co n c  e r t r a  ti. ons t h e  

r e a c t i o n  c u r v e  to .he°  on a u t o c a t a l y t i c  c h a r a c t e r i s t i c s »

T h e s e  two p i e c e s  o f  e v i d e n c e  s u g g e s t e d  t h a t  

e i t h e r  t h e  s o l v e n t  1TTa^ c a t a l y s i n g  t h e  d e g r a d a t i o n ,  

and. i t  i s  d i f f i c u l t  t o  i m a g in e  i n  w h e t  m anner  i t  

c o u l d ,  n r  t h e  r e t a i n e d ,  a c e t i c  a c i d  was a c t i n g  a s  a  

c a t a l y s t .  T h a t  a c e t i c  a c i d  i s  r e t a i n e d  a lm o s t  

Q u a n t i t a t i v e l y  i n  t h e  r e a c t i o n  t u b e  u n d e r  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  i s  c o n f i r m e d  by  t h e  f a c t  t h a t ,  

when a c e t i c  a c i d  i s  ad d ed  t o  e t h y l  b e n z o a t e  c o n t a i n i n g
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■no T) o .ywer  and. t h e  s o l u t i o n  i s  s u b j e c t e d  t o  t h e  

d e y r a d a t  j o n  c ' v n d i t i o r s , v i r t u a l l y  no a c e t i c  a c i d  

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

f r o m  t h e  d e g r a d a t i o n  t u b e  t o  t h e  w a t e r  t r a n  i s  

c o n t i n u o u s l y  h e a t e d ,  u n d e r  w h ic h  c o n d i t i o n s  cone  

a c e t i c  arj'vd a n p e a r s ,  b u t  n o t  i n  a r e o r o d u c i b l y  

on a n t  i t  a t  i  v e  Fiann e r .

I t  ’vnr  t h u s  d e c i d e d  t o  f i n d  a n o t h e r  s o l v e n t  f o r  

t h e  d e g r a d a t i o n s '  w h ic h  h a d  a wuch h i g h e r  b o i l i n g  

n o i n t  t h a t  t h e  n i t r o g e n  c o u l d  be  b low n t h r o u g h  t h e  

s o l u t i o n  an d  n / ' t  o v e r  i t ,  i n  an a t t e m p t  t o  remove a l l  

t h e  a c e t i c  s e n d ,  w i t h o u t  i ^ ° s  o f  s o l v e n t .

Tp j-o n n i _ t o  l u v l  P h o s n h a t e .

T ) i o c t y l  n b t h a l a t e , d i c h l o r o n a p h t h a l e n e , and  

b e n z o o h e r o n e  w e r e  t r i e d  b u t  t h e y  w e r e  e i t h e r  t o o  

d i f f i c u l t  t o  h a n d l e  on an t  i  t  a t  i  v e  i v  ( e . n' .  ■ d i c h l o r o n a o h — 

t h a l e n e -  w h i c h  i s  a  m i x t u r e  o f  s o l i d  and l i e u  i d  i s o m e r s  

h a v i n g  d i f f e r e n t  w e l t i n g  n o i n t o ) ,  o r  t h e y  d i d  n o t  

d i s s o l v e  PY11 ( w h ic h  was  t h e  d i f f i c u l t y  w i t h  

b e n z o n h e n o n e  an d  d i o c t y l n h t h a l a t e ' '  .

T r i - t o l u . y l  n h o s n h a t e  was e a s i e r  t o  h a n d l e  

q u a n t i t a t i v e l y ,  d i s s o l v e d  t h e  w h o le  r a n g e  o f  

cono  l y w e r s  and h a d  a. h i g h  enough  b o i l i n g  no i n t .
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i t  va n  thu*- decided to  n.re i t  f o r  d e g ra d a t io n s ,

t t  "rp.s l a t e r  f o u n d , -however,  t h a t  t r i —t o l u y l  

o h o ^ o h a t e  c o u l d  n o t  b e  u s e d  i n  a H e c h r o l a b  High 

7 n e e d  O s o o n e t e r  b e c a u s e  o f  i t s  h i g h  v i s c o s i t y ,  and 

t h e  c o u l d  n o t  be  n r e c i o i t o t e d  f rom  i t .

' t h u s ,  m o l e c u l a r  w e i g h t  m e a s u re m e n t s  w e re  

c o n f i n e d  t o  samnl.es  d e g r a d e d  in  e t h y l  b e n z o a t e .

do a s c e r t a i n  w h e t h e r  a c e t i c  a c i d  c o u l d  b e  

rem o v ed  q u a n t i t a t i v e ! v  f ro m  t r i  —t ° l u y l  o h o s u b n t e ,  

c o n o e n . t r a t 1* ons  o f  a c e t i c  a c i d ,  o f  t h e  o r d e r  o f  t h o s e  

e yo e c t  e d di i r i n  g d e g r  ad a t  i o n  r 1 .m s , w e r e  ad d e d t  o 

t r i —t o l u y l  n h o ^ o h a t e  c o n t a i n i n g  no p o l y m e r .  T h i s  

was u n b i  e c t e d  t o  t h e  c o n d i t i o n s  o f  d e g r a d a t i o n  and 

i t  was  f o u n d  t h a t ,  a l t h o u g h  some a c i d  n r o b a b l y  

c o n d e n s e d  i n s i d e  t h e  a p p a r a t u s  b e f o r e  e v e n t u a l l y  

e n t e r i n g  t h e  w a t e r  t r a n ,  a l l  t h e  a d d e d  a c e t i c  a c i d  

h a d  a r r i v e d  a t  t h e  t r a n  w i t h i n  9 0  m i n u t e s .

B e f o r e  n r o c e e d i n g  t o  an. e x t e n s i v e  q u a n t i t a t i v e  

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

i t  was  c o n s i d e r e d  a d v i s a b l e  t o  c h e c k  t h a t  t h e  

t e m o e r a t u r e  i n  t h e  r e a c t i o n  v e s s e l  was  c o n s t a n t  o v e r  

a. p e r i o d  o f  7 d a  v s  w h ic h  was  t h e  a m  r  o x i  mat  e 

d u r a t i o n  o f  t h e  o r o j e c t e d .  l o n g e s t  r u n s . '  A t h e r m o c o u p l e ,
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p r o t e c t e d  "by a. g l a s s  s h e a t h ,  way p l a c e d  in  t h e  

s o l u t i o n  and  i t s  o u t p u t  f e d  i n t o  a  r e c o r d e r .  T h i s  

showed t h a t  a n y  v a r i a t i o n s  i n  t e m p e r a t u r e  w e re  

w i t h i n  t h e  l i m i t s  -  0 . 5 °0 .

T h r e p r o d u c i b i l i t y  o f  t h e  e x p e r i m e n t s  was a l s o  

c h e c k e d  an d  f i g u r e  2 5  shows t h e  r e s u l t s  o f  two 

d e g r a d a t i o n s  o n  t h e  same c o n o l v w e r . mhis  sh o’vs 

c o m p l e t e  n e u r o d n c i b i 1 i  t  y and g av e  c o n f i d e n c e  t h a t  t h e  

e x p e r i m e n t a  1 t e c h n i o u e s  w e r e  s a t i s f a c t o r y  f o r  

k i n e t i c  w o r k .

Tn t r i —t o l u y l  n h o s o h a t e ,  t h e  d e g r a d a t i o n s  w e r e  

can t in .uon .s  i n  t h a t  m e a s u re m e n t s  c o u l d  b e  made on t h e  

e x t e n t  o f  d e g r a d a t i o n  a t  v a r i o u s  t i m e s  t h r o u g h o u t  t h e  

e x p e r i m e n t ,  s i n c e  t h e  p r o d u c t s  w e re  rem oved  

c o m p l e t e l y  f ro m  t h e  s y s t e m .  T h u s ,  o n l y  one 

e x p e r i m e n t  was r e q u i r e d  t o  o b t a i n  a. s e r i e s  o f  v a l u e s  

o f  p e r c e n t a g e  d e g r a d a t i o n ,  a g a i n s t  t i m e , - w h ich  h a s  

many o b v i o u s  a d v a n t a g e s  o v e r  t h e  s i t u a t i o n  in  e t h y l  

b e n z o a t e , when a s e r i e s  o f  d e g r a d a t i o n  r u n s  had  t o  be  

c a r r i e d  o u t  f o r  e a ch  s y s t e m .

As i n  t h e  c a s e  o f  d e g r a d a t i o n s  in  e t h y l  b e n z o a t e ,  

t h e  p e r c e n t a g e  d e g r a d a t i o n  f o r  a ' f i x e d  t im e  was p l o t t e d  

a g a i n s t  p e r c e n t a g e  v i n y l  c h l o r i d e ,  a s  shown i n
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f i " vir o  0 8  ( onrce 1 1 . 0   ̂t Th** G ol'if'V/o a  f?iir 'Hn.Tn 7 9

s b a b i  1 1 t v  a t  aboob  &r> VO and p V o  bbe  m^ct  sb'nb ? e

nr  b 09 i.a 1 ? 9 '̂’AAj Which 5. f=? r e a s o m b l o  qi.no 6  i b  1 p

V o ”n̂  fjr' b e  -ppi? m^re s b a b l e  bhan 73VO« ^ b i  9 i r  bhe  

f  i n q t  i.ndi c a t !  09 n f  q 0 0 0  s i n i  1 a n -* bv bebw©©n q°? Ubi^n 

and  m  i f  d r^iincp d. e a r  ad a b i a n  s ,

‘V'ts-  7 f f ? r °  o l ^ n  made  o f  0 0  d 0 y r o . d  a b t  o  p .

a.qpi 9 s b  b i 111© f o p  eno. h f i n  and. 0 . bTr9i  0 0 1 . evomnle  i q 

' - ‘h ' -» Trrn  i n  f - i  f y n r * ©  9 A  # T * h  i  n  i  7 7 e ' " ’ b r a b e s  t b  ^  1’  b b o  r a b e  

i r  n,onnb0 ‘°b u.n bo 9 bo-ib Or'f d p o r a d a b i o n ,  bbp v a b i e  

b 0 1.1'1y d7\f f  e n e n b  f o r  0 0 .0 b o o l Trrr>Qr. and b h e r e  i 0  bhen 

bbo e "0 9 0 0 b e d  f a l l  i n  ft o f f  i n  ra .b e .  V a lu e s  o f  b b i s  

c o n s t a n t  ra .be  ar*e shown t a b l e  7  ? n p e r c e n t a g e  

d e g r a d e b i o n  re r  bom?. w i t h  c o m p o s i t i o n  a l s o  shown. 

A b s o l u t e  r a b e s  r*f e v o l u t i o n  o f  a c i d  i n  t r i t o l u y l  

p h o s p h a t e  a r e  o b v i o n s l y  v e r y  much l e s s  b h a n  b b o se  i n  

e b h y l  b e n s  a n t e ,  b b u s  n e c e s s i t a t i n g  a v e r y  much l o n g e r  

bime f o r  e a c h  run..

An u l t r a .  v i o l e t  s p e c t r u m  vip.s b a k e r  ab bbe end o f  

b b e  d e n r  ad. a t  i  o n ,

ijn s v s b e n m a b i c  e x p e r i m e n t s  w e r e  c a r r ' i  ed  o’lb bo 

ex am in e  bbe  e f f e c b  o f  c o n e e n b r a b i o n  0 9  bbo r a b e  o f  

d e g r a d a t i o n  bob some r e s u l t s  a r e  c o l l e c t e d  in  bob'1 e 8 .
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I ' A ,

' • ' b o d r c a b e  bhob ,  b h ro u g h o o b  bhe c o o p I v ^ e r  

Of. ' ! v' ' : ) \7 • ??anf-'©. oil CC O I ° de^Or d 0 "H o P i >*P f* ab o

11 'o o o r e e r b r a b i o n  o f  ■’i n 1 y r . e r • TTnf o r b u r a b © 1 v * b h e r e

j " f  i c ic r i t ;  cl•! bp. bo n e r n i t  a n y  c o n c l u s i o n s  bo be 

dro-7r. f r o m  t h - o e  re.9nl.bo *

f a n  o f f  iob o f  ohar*p.*o o f  b e m r e r a b 1 i re  on bbe r o b e  

• ' f  d e r r u d r b i o r  w i l l  b e  d i s c u s s e d  l a b o r .  ■ f - '  a b b e m b

was  on a q \~t\ r b n d y  bbe  e . f f  ecb o f  mo lecu. la .r  we ? s*hb o f  

b b e  eono 1 y'°er»o o r  bbe  re .be  o f  d e o : r a d a b i o r , an b h i s  

t,7o 11d b ^ v e  b e e r  a  v e r y  d i T f i c n l b  a r d  b im e—coren.mjrp: 

e x e r c i s e  a r d  bbe  r e s u l b s  woo Id  h a v e  b e e n  e x b r e m e ly  

d i f f i c n l b  bo i n t a r m e b .

0) I f f e c b  o f  ■"v w 0 r i . .

T h i s  -cou ld  n o b  b e  i r v e s b i g a b e d  i n  e b b y l  b e n z o a b e ,  

s i n c e  i b  m o u ld  h av e  b e e r  n e c e s s a r y  bo r a s s  bhe oxygen  

o v e r  bh e  s u r f a c e  o f  bhe  s o l u b i o n ,  w h ich  w ould  nob 

n e c e s s a r i l y  h a v e  ch an g ed  bbe c o n c e n b r a b i o n  o f  oxygen  

i n  b h e  b u l k  o f  bhe  s o l u b i o n .

I n  b r i - b o l u y l  y h o s y h a b e ,  h o w e v e r ,  a b l a n v 

e x o e r i n e n b  d e n o n s b r a b e d  n o b i c e a b l e  d i s c o l o u r a b 1 on 

o f  b h e  b r i - b o l u v l  nhocrha .be  a n d ,  a lbhourrh  l i b b l e  

evolu .b ion.  o f  r h o m b o r i c  a c i d s  was  r . o b l e e d , i b  wan 

d e c i d e d  nob  bo u n d e r b a k e  a on an b i b a b l v e  i n v e s b i g a b i o n ,
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• ip . i ibabiy-~ i  y .  p. v e r v  d e c i d e d  c a b a l v b i c -  o f f e c b  was  

nh'n ~ rv ed  am r,1nn”y  j -n f i g u r e * 7 a r  ('e—fjp # gb i s n^b 

a i  • *p Ipora b h e o e  p e r n l b s  w h e b h ar* bhe owwfta c a b a l v e e s  

bhe  b r p n ' d ' ^ m  ■",f  bhe  no 1 v m e r , nr  c a b a l v s e s  bhe  

brr-nycfwr.  o f  bhe  b r i —b o l u y l  uhnsnh3.be bo g i v e  

n m d u c b s  T?Th i c h  c a b s I v s e  bhe  n o l y y e r  d e n r a d a b  i  o n • 

t)) I I f f  e c b  o f  ? r o d n e b s  .

T h i s  man i n v e s b i o a b e d  b y  s .hubbing  o f f  bhe n i b r o g e n  

f  I rw  bhen  s w i b c h i r g  l b  on a g a i n  a f b e r  some b i n e .  The 

e f f e c b  o f  b h i s  was  bhab  a f b e r  bhe a c i d s ,  w h ich  had  

accurnula .bed  i n  bhe  s o l u b i o n  w h i le ,  bhe n i b r o g e n  was 

s w l b c h e d  o f f ,  h a d  b e e n  rem o v ed ,  bhe rn.be s ebb l e d  

down bu p c o n s b a r b  v a l u e  o n c e  more and  b h i s  c u r s b a r b  

v a l u e  w a s  bhe  s a n e  a s  bhe u n c a b a l y s e d  ra .be ,  A 

b y n i c a l  r u n  i s  i l l u s b r a . b e d  i n  f l y r e  ,?8a,

T h e s e  r e s u l b s  showed bhab h y d r o g e n  c h l o r i d e  

c a b a l  v s  ed bhe  d e h y d r o o h l  o r i n a b i o n .  o f  PTv} n c e b i c  a c i d  

c a b a l y s e d  b h e  d e y r a d a b i o r  o f  pvA and e i b h e r  one o r  

hobh  o f  bhe n r o d u c b s  c a b a l y s e d  bhe d e g r a d a b i o n  o f  bhe 

cono  17,771 e r s  . Tb wou l d he  r e a s o n a b l e  bo eye ecb bobh 

p r  o di re b s bo c a b a  l y  s e bhe d e n r  ad ab io  n  s o f  bhe - cop 0  l y  m e r s ,  

s i n c e  b h e y  c a t a l y s e  b h e i r  c o r r e s p o n d i n g  homopolyrner .



Figure 2. 7a.
P l o t  o f  °/o D e g r a d a t i o n  a g a i n s t  T i me  for  

PVA u n d e r  0 2 . ^  ^  IS° c

T h e  r a t e  in d o e s  n o t
show a s  i t  is on l y  o-oi  a f t er  
12 hou r s .
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F ig u re  1  7. b.

P f o t  o f  Degrada t ion against  Tim<2 f o r  a  0.9/1

VA/VC Copolymer  under  0 2. and N2 . 1 * 0  c

uo 1 idpdjBoq o [ a
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Fig u r e  X'Vc .
P l o t  of  % Degra da t  ion aga i ns t

Time f o r  PVC under  N2
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F i g u r e  2. 7̂ d .

Plot  o f  °/o De gr ada t i on  a g a i n s t  Time f o r  a  
1 o  /1 VA/-VC C o p o l y m e r  u n d e r  0 2 a n d  N2 . ^
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F f g u r e  2 8  Q

E f f e c t  of Swi tching o f f  

t h e  Flow of C a r r i e r  Gas  
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Toe r e  so ’ i s  o b t a i n e d  i n  e t h v l  ben z  o s t e  p'pvg a 

~fcnrs-r.fr i 'nc l lnnt  *ori t h a t  . i n  t h i s  medium, a c e ^ '  c a c i d  

c a t  a l v s e d  t h e  d e g r  ad.af** oy, Qf PYA  a n d  many o f  t h e  

c o r' ,' l r *niero a n d  i t  h a s  b e e n  " p r e v i o u s l y  s n ^ ^ e s t e d  ■ Ln
v  " D O  w"

t h a t  a c e t i c  a c i d  c a t a l y s e s -  t h e  d e g r a d a t i o n  o f  ,?VA

b u t  a s u g g e s t i o n  t h a t  i t  c a t a l y s e s  o n l y  t h e

d e g r a d a t i o n  o f  b r a n c h e d  m o d e ls  f o r  PVA h a s  a l s o  b e e n  
( 1 f -n 'n V • ) /made . . .

The -problem o f  w h e t h e r  t h e  two n r o d u c t s  w i ld  

c a t e i  :rs e  t h e  o t h e r  monomer u n i t  b reak d o w n  i s  s t i l l  

u n r e s o l v e d .  I t  seem ed ,  t h e r e f o r e ,  w o r t h  w h i l e  t o  

c o n s i d e r  t h e  i n f l u e n c e  o f  a c i d s  i n  g e n e r a l  on t h e  

r e a c t i o n .

11}. Ilf f e e t  ° o f  O t h e r  A c i d s .
*

V a r i o u s  a c i d s  w e re  i n v e s t i g a t e d .  O r th o  

n h o s n h o r i c  a c i d  was f  nur»d i n  a b l  ank  e"v>erirn.ent  t o  

c a u s e  c o l o u r a t i o n  o f  t r i —t o l . u y l  o h o s n h a t e  and was n o t  

f u r t h e r  i n v e s t i g a t e d ,  B e n z o ic  a c i d  was f o u n d  t o  be 

f r e e  f r o m  s u c h  e f f e c t s  a p a r t  f ro m  a  t e n d e n c y  t o  

s u b l i m e  on  t o  t h e  c o o l e r  p a r t s  o f  t h e  a p p a r a t u s ,  b u t  

n o t  i n t o  t h e  w a t e r  t r a n . /hen  d e g r a d a t i o n s '  w e re  

c a r r i e d  o u t  w i t h  a  s m a l l  p u . e n t i t y  o f  b e n z o i c  a c i d  

a d d e d ,  t h e  e f f e c t  was  as  shown i n  f i g u r e  2 8 .  T h i s
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1 7 7

e f f e c t  -r rq  r - s e a t e d  w i t h  t h  v a r i o u s  a c i d s  shown i n  

f iP 'n p p  28 and a r e d u c t i o n  i n  r a t e  f o u n d  i n  each  c a s e ,  

^ h e ^  a 71 r,°,n 1 It r' i^fi i n n  bad t h a t  t h e  a. a t a  1 ye 3 r  war

■p f" b  a  '■ ( 'O - ^ r i T 'o l  o p  "i r j  n - P f  p f '  f ;

P n-o; • p o l ■jnVi/nc!’

7 <■' (to] o t ; iop  n a 0 o b s e r v e d  r o s e j b l y  beoa.nse t h e  

c o n e e n t r a t i o n s  u s e d  f o r  bb e  d e g r a d a t i o n s  i n  t r i t o l u y l  

o h o s ^ h a t e  ’.vane boo l/wr . Some was  o b s e r v e d  i n  e t h y l  

b e n z o a t e  b u t  on by when t h e  p o ly m e r  c o n c e n t r a t i o n  

e x c e e d e d  200 ma A 3.0 m3.. T h i s  p r o b le m  w i l l  be  

d i  s c o s  s ed  l a t o r .

2 ) .  R a t i o s  o f  P r o d u c t s .

A ) „ In  p t b y  3. Renzo a t  e .

‘The r a t ? o s  o f  a c e t i c  a c i d  t o  h y d r o g e n  c h l o r i d e  

w e r e  w i d e l y  d i f f e r e n t  f ro m  t h e  r a t i o s  o f  v i n y l  

a c e t a t e  t o  v i n v l  c h l o r i d e  i n  t h e  c o o o ly m e r s  asu

(3 64-''shown, i n  t a b l e  0 . r t  h a d  been  p r e v i o u s  l y  s h o w n  

t h a t  t h e  r a t i o  o f  a c e t i c  a c i d  t o  h y d ro g e n  c h l o r i d e  

w as  t h e  s a n e ,  i n .  b u l k  d e g r a d a t i o n s ,  as  t h e  r a t i o  o f  

v i n v l  a c e t a t e  t o  vir.y3. c h l o r i d e . T h e se  r e s u . I t s ,  

t h e n ,  showed t h e r e  i s  s o m e t h i n g  f u n d a m e n t a l 3 y  

d i f f e r e n t  b e t w e e n  t h e  r e a c t i o n  i n  t h e  so lo 'd  p h a s e  

and  i n  s o l u t i o n .  A t y o i c a l  o l o t  o f  t h e  r a t i o  o f



C]- '"vi 1 "yC! QX*

o s i t i o n  
V. , /  vo

i /  -i r-

1 /1 0  

1/10 

0 . 9 / 1  

0 . 9 / 1

0 . 9 / 1

2 9 / 7 5

Oq /yq

2 9 /7 9  

60 /4 0  

6 0 / 4 0  

6°  / 4 0

Conrad

. 696

7 . 4 0 1  

9 . 7 0 1  

7 .2 2  

2 1 . 9 9  

9 8 . 2 9  

4 . 9 5  

.1 2 .6 9  

2 1 .7 9  

4 . 0 0  

1 2 .88  

o n  <7 7

R a t i o
A c e t i c  Acid

H y d ro g e n  C h l o r i d e  
' S  °  0 R

0 . 6 8 9

C • 602

9 .1 9

1 .96

1 .0 0

1 .0 9 9

1 .1 5 6

0 . 6 4 1

2.76

1 .4 9

1 .4 2

T h e o r e t i c
R a t i o

0.0986

0 .0 9 8 6  

0 .098 6

n cop . *

0 . 8 2 8

C .8 2 8

0 .9 9 9

0 . 9 9 9

0 . 9 9 9

1 .1 9 8

1.198  

1.198



c ° c i d  t o  h v d r  owe-*"* oh 1 o r id ©  a w a i n o t  t im© -j <*•

r'hO'  I-''"1 1 1 cnj?6 Which a l  S ■* r’h rV,T̂  t h e  mo 1 e r ^ t i  o

i n  bhe c o r'o"'*n',p r (

Prr. 0  i;hir.R’ ,T?hich t h e s e  i n  v e s  t i  w a t i o n s  d i d  °h 'v"

,,Tpr, c o n t r a r y  t o  e yo©ct  n t  inrj .s? a l l  t h e  h y d r o g e n

c h l o r i d e  w as  n o t  rem oved  f r ' n t h e  e t h v l  hen '7n o t e  

on mil; -i r>m p-^c\, "Tier PYO was d e g r a d e d ,  on i t e  a 

c o r 0? d e m o ! e  n r o m r t i o n  o f  t h e  h y d r o g e n  c h l o r i d e  h a d  

tm h e  e x t r a c t e d  f ro m  t h e  e t h y l  b e n z o a t e  s o l u t i o n ,

P s . T-r( T r i —t o l n v l  P h o o n h a t e  .

Th' '  ve in .eo  o b ta in e d ,  f o r  t h e  r a t i o n  o f  a c e t i c  a c i d  

t o  h y d r o g e n  c h l o r i d e  e r e  shown in  t a b l e  10 and 

t y p i c a l  c l o t s  o f  r a t i o s  o f  c r o d u c t s  amai.net t i m e ,  

i n d i c a t i n g  a l s o  t h e  mole r a t i o s  i n  t h e  c o m l y m e r s , a r e  

shown i n  f ig n n ©  ( a —d h .

T h e s e  r e o n  I t s  a r e  a n o t h e r ■i n d i c a t i o n  t h a t  

d e g r a d a t i o n  b e h a v i o u r  i *  t r i - t o l r y l  n h o s c h o t e  

no i n t i . o n e  j_q v e r y  s i m i l a r  to  t h a t  i n  bn. I k  and t h u s  i t  

i n  a good c l I v e r t  f ° r  k i n e t i c  w o r k • T h i s  in  c o n t r a r y  

t o  a c l a i m  b y  Tenynugh  t h a t  i t  in  a p o o r  s o lv e n t ;

for* k i n e t i c  w ork  n r o b a b  ].v been  on© in  h i s  d e g r a d a t i o n s , 

t h e  n i t r o g e n  was blown o v e r  t h e  s u r f a c e  o f  t h e  

s o l u t i o n .  T h i s  o r o c e d u r e  c o n  i d  a l l o w  t h e  h y d ro g en
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F i g u r e  Z  9.

j y p i c a l  P I o l  o f  R a t i o  o f  A c e t i c  A c i d  

t o  H y d r o g e n  C h l o r i d e  i n  p r o d u c t s  f r o m 

D e g r a d a t i o n  o f  a  0 - 9 / 1  C o p o l y m e r  in 

E t h y l  B e n z o a t e  S o l u t i o n

Ex p e c t e d  Va l u e

i me ( h o u r s )
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ch  1 or5.de c o r c e n t r a t i o n  bo "build  u r  i n  t r i  - t o l u y l  

o h o s o h a te  t o  a g r e a t ; o r  e x t e n t  t h a n  i t  d o e s  i n  e t h y l  

b e n z o a t e ,  b e c a u s e  o f  t h e  g r e a t e r  v i s c o s i t y  o f  t h e  

f o . r n e r ,  t h u s  a c c o u n t i n g  f o r  t h e  i n c r e a s e d  r a t e



i d g .

m 1  * rrp or? THr . '  . J. •

O r 'lo u r  d e v e l o p m e n t . 

i ' # g o ’-top r i s o n  o f  T m c t r a ,

fo e - ° " s e  o f  t h e  ’T O p r t a i n t y  a b o u t  e x t i r c t  i o n  

c f r ' f i d e n t s , c o n c e n t r a t i o n s  o f  p o ly e n e  s e o u e r c e s  

c on ] c] n o t  b o  o b t a i n e d  i n  a ’s a t i s f a c t o r y  menu e r . I t  

Tt,ra o  t h e r e f o r e  d e c i d e d  a t  a n  e a r l y  s t a g e  m e r e ly  t o  

co m p are  t h e  s p e c t r a  o f  t h e  d e g r a d e d  p o ly m e r  

s o l u t i o n s  b y  rn e o c o r in g  t h e  p e a k  h e i g h t s  and t h e  

w a v e l e n g t h s  o f  t h e  a b s o r p t i o n  m ax im a.'

As shown i n  f i g u r e  20 (p a g e  10zf-) and  p i ,  

t h e  a b s o r p t i o n  a t  lo n g  w a v e l e n g t h s  ’ (w h ich  c o r r e s p o n d s  

t o  l o n g e r  p o ly e n e  s e q u e n c e s )  a t  f i r s t  i n c r e a s e s  

w i t h  t im e  end  t h e n ,  a t  a l a t e r  s t a g e ,  d e c r e a s e s .

T h i s  m eans t h a t  t h e  a c t u a l  num ber o f  l o n g e r  a o l y e n e  

s e q u e n c e s  i s  r e d u c e d . T h i s  phenom enon c o u l d  b e  

a c c o u n t e d  f o r  b y  c r o s s ] i n k i n g  b y  a  D i e l s  A ld e r  

t y n e  o f  r e a c t i o n  i n v o I v i n g  n l o n g  n o ly e n e  s e q u e n c e  

and  e i t h e r  a  s i n g l e  c a r b o n —c a r b o n  d o u b le  bond o r  

a n o t h e r  n o l y e n e  s e q u e n c e .

T h i s  p o s t u l a t e  may be  c h e c k e d  by  m e a su re m e n t  

o f  m o l e c u l a r  w e i g h t  and  i t  was d e c i d e d  t o  ex am in e  

t h e  r e l a t i o n s h i p  b e tw e e n  m o l e c u l a r  w e i g h t  and





i-n tr -0 v i o l e t  and v i s i b l e  a b s o r n t i o n .  I f  t h e  

^ o r l ? 11 a t e  i s  i n d e e d  c o r r e c t  t h e n ,  an t h e  l o n g e r  

w a v e l e n g t h  ( v i s i b l e )  a b s o r n t i o n  d e c r e a s e s ,  w i t h o u t  

d e c r e a s e  in. t h e  u l t r a  v i o l e t  a b s o r n t i o n ,  t h e  

no i e c u 1 n r  a e 1' r h t  ah o u I d  i n c r  e a s e .

The medium v /h ich  i s  b e s t  f o r  r a t e  s t u d i e s  i s  

t r i - t o l u y l  p h o s o h o te  b u t ,  u n f o r t u n a t e l y ,  t h i s  

s o l v e n t ,  b e c a u s e  o f  i t s  h i g h  v i s c o s i t y ,  c a n n o t  b e  

u s e d  i n  a  TTe c h r o l a b  Tlombrane O sm om eter .  B e c a u se  

o f  t h i s ,  t h e  m o l e c u l a r  w e i g h t  m e a s u re m e n ts  m ere  

c a r r i e d  o u t  in  e t h y l  b e n z o a t e  an d  u l t r a  v i o l e t  

s p e c t r a  m ere  a l s o  t a h e n  o f  t h e s e  s o l u t i o n s .

The u l t r a - v i o l e t  s p e c t r a  i n  t r i - t o l u y l  

n h o s n h a t e ,  h o w e v e r ,  can  be  m a tc h e d  m i t h  

% d e g r a d a t i o n ,  t h u s  g i v i n g  more i n f o r m a t i o n .

I t  i s  u n f o r t u n a t e  t h a t  t h e  m o l e c u l a r  w e i g h t  

an d  s p e c t r a l  m e a s u re m e n ts  h a d  t o  b e  o e r f o r m e d  i n  

d i f f e r e n t  s o l v e n t s .

A) .  I n _ E t h y l _ B e n z o a t e .

The r e s u l t s  o b t a i n e d  a r e  shown i n  t a b l e s  

11 -  2 1 .  T h e se  d e g r a d a t i o n s  w e re  o e r f o r m e d  a t  

a  c o n c e n t r a t i o n  o f  100 mg. o f  o o ly m e r  i n  10 ml. o f  

s o l v e n t ,  a t  w h ic h  g e l l i n g  i s  v e r y  s lo w  b u t  w h ic h
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157.

i a  op tim um  f o r  m olecu  l a r  w e i g h t  m e a s u re m e n ts  , The 

u 1 t r a - v i o l e t  s p e c t r a  do n o t  sunn  o r  t  an y  f i r m  

c o n c l u s i o n s  b u t ,  i f  t h e y  a r e  c l o s e l y  e x a m in e d ,  h e r e  

and  t h e r e  • e x s n n l e s  a r e  s e e r  <>f t h e  d ro p  in  

a b s o r b a n c e  a t  h i a h  w a v e l e n g t h s  w i t h  i n c r e a s e d  

e x t  en t  o f  r e  ah t  i  o n .

The mu’! o c u l a r  wei r h t  m e a s u re m e n ts  do show, 

h o w e v e r ,  t h a t  t h e  m o l e c u l a r  w e i g h t s  i n c r e a s e -  

c o n t i n u o u s l y  w i t h  t h e  e x t e n t  o f  r e a c t i o n ,

B ) , In  T r i - t o l u y l  n h o s n h a t e .

A t y p i c a l  s o e c t r u m  i s  shown i n  f i g u r e  32 and 

a  t y p i c a l  s e r i e s  o f  s n e c t r a ,  o b t a i n e d  f o r  th e  same 

p o ly m e r  f o r  d i f f e r e n t  t im e s  o f  d e g r a d a t i o n ,  i s  show n 

i n  f i g u r e  31* T h i s  i l l u s t r a t e s  a  v e r y  d e c i d e d  

d r o n  i n  a b s o r b a n c e  a t  l o n g  w a v e le n g th s  w i th  

i n c r e a s e d  e x t e n t  o f  r e a c t i o n .

The s p e c t r a  o b t a i n e d ,  i n  t h i s  c a s e ,  c o u l d  be 

r e l a t e d  t o  o e . r c e n ta g e  d e g r a d a t i o n  and t h u s  t o  t h e  

a c t u a l  am ount o f  a c id  n r o d u o e d .  The s n e c t r a  a r e  

r e c o r d e d  a g a i n s t  p e r c e n t a g e  d e p r e d a t i o n  i n  

t a b l e s  52 -  3 2 .  T h e se  show t h a t  t h e r e  i s  a  

d e f i n i t e  d r o n  .in  a b s o r b a n c e  a t  l o n g e r  w a v e l e n g t h s ,  

w i t h  i n c r e a s e d  p e r c e n t a g e  d e g r a d a t i o n .  The
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r’’Or' ''T’b ^ riC(:ir’ ft; t h e  m r t  XCw l a r  ":n V Slen  g th s  0.17 W hich 

t h e  maxima o c c u r  w e re  th e n  ^ l o t t e d  am a in st  p e r c e n t a g e  

d e g r a d a t i o n  (an  examp l e  i s  shewn Ir. f i g u r e  33) 

and  t h u s  t h e  ab so rb a n ce  a t  each w a v e le n g th  a t  

c e r t a i n  o e r c e n t a g e  d e g r a d a t io n s  was fo u n d .  The 

v a l u e s  fo u n d  by t h i s  method are  shown in  

tcab les  33 ( n - d ) . T a b le s  33c end 33^ show 

t h e  v i s i b l e  r e g io n  o f  th e  sp ectru m  and i t  i s  

n o t i c e a b l e  t h a t ,  i n i t i a l l y ,  PTC i s  much more 

d i s c o l o u r e d ,  a t  th e  same n e r c e n t a g e  d e g r a d a t io n ,  

th a n  i s  PVA or any o f  th e  c o o n ly m e r s .  There  

an p ear  t o  be two' minima in  c o lo u r  fo r m a t io n ,  

o c c u .r r in g  a t  10% VA and 10% VO. T h is  r e l a t i o n  i s  

o f  ex trem e i n t e r e s t  b u t d i s c u s s i o n  o f  i t  w i l l  be  

r e s e r v e d  u n t i l  l a t e r .

At t h e  low w a v e le n g th  end o f  th e  u l t r a  v i o l e t  

reg ion , (shown, in  T a b le s  33 p and 33h) PVA i s  

b e g in n in g  to  ab sorb  more s t r o n g l y  than. PTC. T h is  

w ould  s u g g e s t  t h a t  PVA i n i t i a l l y  has  v e r y  s h o r t  

c h a in s  o f  c o n ju g a te d  c a r b o n -c a r b o n  doxible bonds  

b u t  many o f  them a re  o r e s e n t .  FTC seems to  have  

a g r e a t e r  n r o n o r t io n  o f  lo n g e r  c o n ju g a te d  s e q u e n c e s .
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8->ec t r a o f  P o ly m ero  at; C e r t a i n fS D e g r a d a t io n 0»-• •

. av e  le n .g t t i 0 0 5 *10 625 ^40 760

P o ly m e r d e g r a d .
A b s o rb o rc e

'o\rr) 1 0 .6 0 0 0 .8 7 0 0 . 5 4 0 0 .5 0 0 0 .4 6 0

PVO 5 1 .7 1 0 1 .5 4 0 1 .7 6 5 1 .1 1 5 0 .8 6 5

PVO 10 0 .7 7 0 2 . 6 7 0 2 .1 5 0 1 .5 8 0 1 .1 6 0

1VA/10070 1 O . 7 6 O 0 .5 2 0 0 .4 8 0 0 . 4 4 5 0 .7 7 0

1VA/100VC 5 1 .4 8 0 1 . 7 6 0 1 .2 1 0  • 0 .9 8 0 0 .7 9 0

1VA/100VC 10 0 .2 0 0 p .0*70 1 .8 0 0 1 .2 8 0 1 .0 0 0

1VA/ 10VC l . 0 . 1 9 5 0 .1 8 0 0 .1 8 0 0 . 1 7 0 0 .1 8 0

1VA7lOVC .5 1 .4 4 " 1 .7 9 5 1 .7 8 0 1 .2 2 0 1 .1 5 0

1VA/10V0 10 a . * 4 0 2 .7 1 5 2 .2 9 5 1 .9 7 0 1 .8 5 0

2.5VA/75VC 1 a  op-'VJ . f_Ovy 0 2  8° 0.260' 0 . 2 7 0 0 .2 2 0

25VA/75VC 5 1 .0 6 0 1 .2 1 0 1 .2  60 1 .1 5 0 1 .1 7 0

25VA/75VC 1 0 0 .4 4 0 2 .7 6 0 0 .4 5 0 2 .2 1 0 2 . 2 7 0

0.9VA/1V0- 1 0 . 7 0 0 0 . 7 0 0 0 . 2 7 0 0 . 2 2 0 0 .2 0 5

0.9VA/1VC ■ 5 0 . 8 2 0 0 .8 5 5 0 . 8 6 0 0 .7 4 0 0 . 7 5 "

0.9V A /1V 0 1 0 1 .6 2 0 1 .7 9 0 1 .8 1 0 1 .5 5 0 1 . 5 0 0
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TA^T ; 55 b .

jr,T n o f  Pn IvTri^pr; t  O e r t ’1 i n  f:' D e g r a d a t i o n s .

:r n v e  l e n g t h
c"

do/nr e

295 5 1 0 525 54-0 5 6 0

Po i ■y n e r
*

d . ■.b.eorbnnce

60VA/Z!6VV0 1 0 . 0 .5 2 0 n , 4 9 0 0 . 5  5^ 0 . 5 2 0

GOYA/40V0 5 1 . 1 .0 9 0 1 . 0 1 0 0 .8 4 0 0 . 7 6 0

60VA/40VC 1 0 1 .6 6 0 1 .7 5 ° 1 .5 7 ° 1 .4 0 0 1 .5 2 0

75VA/25V0 1 0 . 1 0 0 0 . 0 7 6 n . 0 5 0 - -

75VA/25V0 5 0 . 7 2 0 0 .6 6 5 0 .5 7 0 '0 . 4 5 5 0 .5 5 5

75VA/25VC 1 0 - 1 .5 8 5 1 .2 9 5 1.04-5 0 .8 8 5

10VA/1VC l . 0 . 1 9 0 0 .1 6 0 0 . 1 0 0 0 .0 6 5 0 . 0 5 0

10VA/1V0 5 0 .8 2 0 0 .7 7 0 0 , 8 7 0 0 . 5 5 0 0 .4 5 0

i c v  v i v o 1 0 1 . 7 2 0 1 .6 1 0 1 .4 4 0 1 . 1 5 0 0 . 9 1 0

19VA/1VC l 0 .5 0 0 0 .1 6 0 0 . 1 2 0 0 .0 6 0 0 . 0 5 0

I qva/  r y e 5 1 . 1 2 0 n . 3 5 0 0 .7 0 0 0 .5 5 5 0 .4 1 0

10CYA/ 1VC 1 0 . 5 6 0 0 .2 6 0 0 .1 6 5 0 .0 9 5 0 .0 8 0

100VA/1V0 5 1 . 1 0 0 0 .8 n 0 0 .5 9 0 0 .4 1 0 0 .5 1 0

PVA l 0 . 6 9 0 O.A7 0 0 .5 4 0 0.23 .0 0 . 1 5 0



t r p  n;P Po l ^ n c r c  ni; O 0 rb n i ' ' ’ p  "0,?f,;.T?P.d?itiore «

.7 nve I n o t h 390 419 440 ayn 480

P o l y n  o r d e g r a d •

Ab e 0  r b  a r c  0

PVO 1 p /u^p O non 0 . 2 3 0 0 .1 8 0 0 .1 4 0

PVO 5 0 . 0 3 9 0 .4 4 0 0 .3 3 0 0 . 2 9 0 0 . 2 0 0

PVO ■ , 1 0 0 .7 4 0 0 .4 9 0 0 . 3 4 0 0 . 2 3 0 0 .1 8 0

IV A/ IOC VO 1 0 .3 4 0 0 . 2 3 0 0 . 1 9 0 0 . 1 4 0 0 .1 0 0

i va. / ty o v o 9 n qn.nS.' * KJ 0 .3 8 0 0 .2 6 5 0 . 1 9 0 0 .1 4 0

i ir.A / i n  QVO 10 o .o o o 0 .4 3 0 0 . 2 7 0 0 .1 * 5 0 .1 2 0

i .vA/i.Ovn 1 0 .2 0 9 0 .  8|<;0 ^ .2 0 0 0  # 220 0 .1 9 5

IV A /10 VO 5 l.OCO 0 , 8 1 0 : 0 .6 6 0 0 .9 4 0 ' 0 .4 9 0

1VA/ 10V0 10 1 . 3 2 0 1 .0 0 0 0 .7 7 3 0 .6 1 0 n qon

25VA/75VO 1 0 . 2 3 9 0 . 2 3 0 n 20S•' * <~*W 0 . 20n C.2C0

23VA fn  6 VO 9 1 . 1 0 0 1 .0 4 0 0 .9 6 0 0 .8 6 0 n . w

25YA/7SV0 10 1 .7 4 0 1 . 3 7 0 1 . 3 1 0 1 .1 4 0 0 . 9 7 n

0.9V A /1V 0 1 0 .2 1 0 0 .2 1 0 n onq
•  ■»— V /

n 0 ^r\
•  i— w 0 .1 9 5

0.9VA/1V0 ■ 9 n o^n
V.' » / «-- ' 0 . 0 9 0 0 .3 7 0 0 .3 1 0 0 .4 3 5

0.9V A /1V 0 10 1 . 2 9 0 1 . 0 9 0 0 . 8 9 0 0 .7 2 0 0 .6 0 0



1 7 ? .  

T A B l jU ?  d .

O y a c t r a 0A Po 7 "VTH 0!O 0 Ot C e r t a i n f7 D e p r e d a t i o n s •

7 nv °  7 ori a 'tb ^OP 4 1 ?  * 4 4  0 460 480

Poi.ym er
A'

r} opmr] •
A b so rb an c  e

60yA /40y0 7. o . 7,2C o . o i c P 770- » .> ̂ 0 .8 2 0 0 . 84Q

60YA//PV0 ? 0 P7 a• i o . 080

c?CM 
• LT •C. 0 . 4 4 0 0 .8 0 0

60y  a //|.nyr» 70 1 .7  60 o . a 40 0 .7 7 0 0 . 7 9 0 0 . 7 ^ 0

7 6 yA /p  sy o 6 • 0 . ? 0 0 0 . 2 2 ? 0 .7.6? 0 . 1 2 7 -

7 ?VA/2 ?yO 1 0 0 . 640 0 .4 6 0 0 .3 2 0 0 .2 6 0 0 .2 7 0

icyA ,7  iv o 1 .0 . 0 ? 0 0 . n  2  ? 0  ,POn 0.07.0 0 .0 0 6

lOVA/lVC 5 C . 8 ? 0 0 .0 4 6 0 . 1 7 0 0 . 1 2 0 0 . 0 9 0

10VA/1VC 1 0 o . 660 0 .4 8 0 0 .8 0 0 0 . 2 1 0 0 .1 8 0

1.9 VA/IVO 7. p ° /»̂• "i -w Pi 07,0 0 .0 2 0 0 . 0 1 0 0 . 0 0 ?

19VA/1V0 5 0 .2 8 0 0 . 1 9 0 0 .1 4 0 0 . 1 0 0 0 .0 8 0

JOOVA/1VC 1 0 .0 6 0 0 .0 4 6 0.O8Q 0 . 0 2 7

100VA/1V0 5 0 . 2 1 0 0 . 1 6 ? 0 . 1 1 0 0 . 1 0 0 -

PVA 1 0 .0 8 0 C . 0 7 O 0 .040 0 . 0 7 0 0 . 0 2 0



Tab*1 a 7 4  shows t h e  p e r c e n t a g e  d e g r a d a t i o n  

a t  w h ic h  t h e  a b c n m t.A o r  a t  4 i ' ~ ' r n o f  t h e  v a r i o u s  

cono 1 ~rrne r s  b e g i n s  t o  d e c r e a s e .  T h e se  s u g g e s t  

t h ° t  t h e r e  a r e  c o m p e t in g  r e a c t i o n s ,  one o f  w h ich  

v a r i e s  w i t h  c o a n iy m e r  c o m p o s i t i o n  and t h e  o t h e r  

w h i ch i  s i n v a r i  a n t .

T a b le  22 s h o r s  t h a t  PVA i s  v e r y  s lo w  t o  a b s o r b  

i n  t h e .  v i s i b l e  r e g i o n  ( ab o v e  880m/ti ) b u t  q u i c k  

t o  a b s o r b  i n  t h e  u l t r a - v i o l e t  r e g i o n .  I t  i s  a l s o  

q u i c k  t o  lo w e r  t h e  v i s i b l e  a b s o r p t i o n ,  p o s s i b l y  by  

c r o s s l i n k i n g ,  and i t  i s  t h u s  a  more u s e f u l  

m a t e r i a l  t h a n  PVO, w i t h  r e  e r e c t  t o  d i s c o l o u r a t i o n ,  

b u t  i t  may h a v e  a  t e n d e n c y  t o  c r o s s l i n k  v e r y  e a r l y  

on  i n  t h e  d e g r a d a t i o n ,  t h u s  a f f e c t i n g  t h e  p h y s i c a l  

p r o p e r t i e s .

The c o p o ly m e r s  a r e  more s lo w  t o  a b s o r b  i n  t h e  

v i s i b l e  r e g i o n  th a n  PVO and t h u s ,  f o r  u s e  w h e re  

d i s c o l o u r a t i o n  i s  a  d i s a d v a n t a g e ,  t h e s e  m ig h t  b e  

u s e f u l  s u b s t i t u t e s  f o r  PVC, a l t h o u g h  t h e y  a r e  more 

u n s t a b l e ,  w i t h  r e s p e c t  t n l o s s  o f  a c i d ,  th a n  PVC.

2 ) .  M e a s u re ment _of P o o c t r a .

Many m e th o d s  h a v e  b e e n  p r o p o s e d  f o r  

q u a n t i t a t i v e  e x a m in a t io n  o f  s p e c t r a  o f  d e g r a d e d  PVC



1 n nL i i »

TA PIP 8 4 .

y d y n e r  f> D e g r a d a t i o n  a t  w h ic h  d e c r e a s e
uA- 'rn  i n  a b s o r p t i o n  a t  440  b e g i n s .

c l  i  I S ’ o  9 <L .

—  1 .3

1 Q / ' ! 8 . 6

7 7 / 2 ?  2 ?

6 0 / 4 0  2 g

0 . 9  7-1 • po

2 5 / 7 5  18

1 / 1 °  18

1 /1 0 0  14

PVC 10
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b u t  t h e s e  h a v e  m o s t ly  b e e n  ’r a t h e r  u n s u c c e s s f u l .  

The m o st r e c e n t  m ethod  i s  t h a t  of. G eddes 

who show ed  t h a t  i t  g a v e  good a g r e e m e n t  w i t h  h i s  

own r e s u l t s .  T h i s  m ethod  i n v o l v e d  i n t e g r a t i o n  

o f  t h e  s p e c t r u m  f ro m  860/nyu t o  670m ju. and

o l o t t i n g  th e .  a r e a ,  on. an  a r b i t r a r y  s c a l e ,  a g a i n s t  

t im e  o f  d e g r a d a t i o n . .  T h i s  p l o t  f o l l o w e d  c l o s e l y  

t h e '  p l o t  o f  p e r c e n t a g e  d e g r a d a t i o n  a g a i n s t  t im e  o f  

d e a r  ad o f - io n .

A p l o t  f o r  a 1 /1 0  VA/VO c o p o ly m e r  i s  shown i n  

f i g u r e  8 4 .  T h i s  shows t h a t  t h e r e  a r e  w e l l - n a r k e d  

d i f f e r e n c e s  b e tw e e n  t h e  two r e l a t i o n s h i p s .  The 

o b so .rb a n c e  i s  c l e a r l y  a r r e s t e d  a f t e r  a  c e r t a i n  

p e r c e n t a g e  d e g r a d a t i o n  and  t h i s  c o u l d  b e  c a u s e d  b y  

c r o s  s l i n k i n g .

b e f o r e  an y  f u r t h e r  c o n c l u s i o n s  may b e  d r a rm  

f ro m  t h e s e  r e s u l t s ,  c o m p le te  c h a r a c t e r i s a t i o n ,  o f  J 

t h e  s p e c t r a  w i t h  r e s n e c t  t o  mod.el p o l y e n e s ,  i s  

n e c e s s a r y .  T h i s  w i 17 d o u b t i e s s  i n v o l v e  v e r y  

c o m p le y  c a l c u 7a t i o n s  p r o b a b l y  n e c e s s i t a t i n g  t h e  

u s e  o f  a  c o m p u te r .
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CH.

T he e f f e c t  o f  T e m p e ra tu r e  op t h e  R a te  o f  t h e  .R e a c t io n .

I t  vifib d e c i d e d  to  s t u d y  t h e  e f f e c t  o f  

t e m p e r a t u r e  on t h e  r a t e  o f  d e g r a d a t i o n  o n l y  i n  

t r i - t o l u y l  o h o a c h a t e  b e c a u s e  o f  t h e  a b n o rm a l  

c h a r a c t e r i s t i c s  o f  t h e  r a t e  i n  e t h y l  b e n z o a t e  and  

t h e  d i f f i c u l t y  o f  t h e  m e a su re m e n t  o f  r a t e s  i n  t h a t  

s o l v e n t .

R a t e  s t u d i e s  w e re  made a t  t e m p e r a t u r e s  o f

180 , 198 , 201 and 218 'o .  The r a t e  was fo u n d  i n

e a c h  c a s e  b y  ta lc in g  t h e  s l o p e  o f  t h e  n l o t  o f

p e r c e n t a g e  d e g r a d a t i o n  a g a i n s t  t i m e .  A t y p i c a l

s e r i e s  o f  p l o t s  o f  p e r c e n t a g e  d e g r a d a t i o n  a g a i n s t

t i n e  o f  d e g r a d a t i o n ,  f o r  one p o ly m e r  a t  s e v e r a l

t e m p e r a t u r e ’s ,  i s  shown i n  f i g u r e  8 8 .  T h i s

i l l u s t r a t e s  t h e  l i c e a r  n a t u r e  o f  t h e s e  p l o t s .  The

v a l u e s  o f  t h e  r a t e s  i n  p e r c e n t a g e  d e g r a d a t i o n  p e r

s e c o n d  a r e  shown i n  t a b l e s  88 , 8 6 ,  37 and  38*

T he A r r h e n i u s  e q u a t i o n  f o r  t h e  r a t e  c o n s t a n t

o f  a  r e a c t i o n  i s  worn
k = A e ■

i n  w h ic h  t h e  p r e - e x p o n e n t i a l  f a c t o r ,  i s  v i r t u a l l y  

t e m p e r a t u r e  i n s e n s i t i v e  co m p ared  t o  t h e  e x p o n e n t i a l



l 8 l .  

F i g u r e  3 5 .

T y p i c a l  S e r i e s  o f  P l o t s  o f  
% D e g r a d a t  i on a g a i n s t  T i m e  a t  
D i f f e r e n t  T e m p e r a t u r e s  f o r  a  2 5 / 7 5  VA / VC

Copolymer.32-

21 5 °C

20-

3 [ X
Ti me  (hours) .
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PVO

Ratf? n -j> n _  , .
P o 1 Vn n r  - - ■ c ti on a t  . 7 8 0  °

V.̂  /fro

/<? decry nr} /

PrrV

''-0 0 /1  - 6

5.55 x lo
, n / l  2 .3 6 2  x  10 - 5

7 5 / 2 5  3 . 5 8 3  *  l 0  - 5

6r 740 - - 6  

' ° - 9 / l  2.187 r  j 0 -4

2 5 /7 5  3 . 0 8 3  y  10

V lO  2 .9 1 7  r  lQ , 4

- •195 x  l o  ~/+

s -353 x lo ~5 
• 6 *^5 x lo -5
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T ART 8 7 6 .  •

Rp.fe of Roaotior of 193 0.
Oo i op R ate
YA/YO % d e ^ r a d . /  n e c .

- 8p\M 3 , 6 6 7 . x  3 0

- 5100/7. '5 .988 r  30
- 8IQ /l.  0 .0 2 2  x  10

I f . / I  1 .1 6 7  X 10
 Jl

7 5 / 2 5  1 . 9 7 9- -  10

6 0 /4 0  5 .8 8 8  x  10 ~LV

0 , 9 / 1  7 .1 6 7  X 10 ~iV

2 8 / 7 6  5 -8 0 5  x  10

1 /1 0  8 .5 3 5  x  10 ~

PYC 8 .3 5 3  x  3.0 “ /+
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R-°te o f  R e a c t i o n  a t  2 0 1 ° 0

P ol^’TiOT* t-, .
VA / w n  . R a t ©

■ 1 ' % d e - r a d .  /  s e c .

™r - 5 .3 8 8  x  10 ~ 5

1 0 0 /1  7 .8 6 2  x  10 - 5

1 0 /1  1 .4 1 9  x  10

1 0 /1  2 . 3 5 5  >r 10

7 ? /2 5 3 .7 0 8  x  lo  ~4

6r'/ / r  9 .6 6 7  x  10

0 • n / 1 1 .1 7 0  x  10

2 ^ 7 5  1 .1 5 4  x  10 “ ?

1 /1 0  6 .4 6 1  x 10 " 4

1 /1 0 0  2.638 x 10 ~4

3 .583 x 10 - 4
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T7-.BT.E 7>8.

R a te  o f  R e a c t i o n  a t  215°C

P o ly m e r  
YA/VO R a te  

/  d e g r a d .  / s e c .

PYA
1 . 2 1 7  X 1 0

1 0 0 /1 .2.20-3 x  10

1 9 /1 4 . 5  x  10

1 0 /1 7 .7 7 8  x  10

7 5 /2 5 1 .3 7 5  x  10

0r  '4 0 2 .6 7 2  x  10

0 . 0 / 1 4 . 6  x  10 ”

2 5 /7 5 5 .8 8 8  x  10

1 /  3.0 1 .7 7 1  x  10

1 / 1 0 0 8 .1 1 2  x  10 “4

• PYC 8 .3 8 3  x  10
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t e r m .  E i r  t h e  e n e r g y  o f  a c t i v a t i o n ,  R i s  t h e  g a s  

c o n s t a n t  end  T in  t h e  t e m p e r a t u r e  i n  d e g r e e s  

a b s o l u t e .

I f  l o g a r i t h m s  o f  t h i s  e x p r e s s i o n  a r e  t a k e n ,
EI n  k = I n  A — - 7xfr

w h ic h  i s
El o g  k  = l o g  A — ĵ Tg

T h u s ,  i f  t h e  l o g a r i t h m  o f  t h e  r a t e  c o n s t a n t  i s  p l o t t e d

a g a i n s t  t h e  r e c i p r o c a l  o f  t h e  a b s o l u t e  t e m p e r a t u r e ,
E

t h e  s l o p e  o f  t h e  l i n e  i s  -  an( '̂

i n t e r c e n t  on t h e  l o g  ( r a t e  c o n s t a n t )  a x i s  i s  l o g  A.

T hus  t h e  e n e r g y  o f  a c t i v a t i o n  and  t h e  p r e - e x p o n e n t i a l  

f a c t o r  may b e  f o u n d .  S t r i c t l y ,  k  i s  t h e  r a t e  

c o n s t a n t  b u t ,  i f  o n l y  T i s  v a r i e d ,  t h e  r a t e  c a n  b e  

u s e d  i n s t e a d  o f  t h e  r a t e  c o n s t a n t ,  a s su m in g  t h a t  t h e  

o r d e r  o f  r e a c t i o n  r e m a in s  c o n s t a n t  t h r o u g h o u t  t h e  

t e m p e r a t u r e  r a n g e  s t u d i e d .  In  t h i s  c a s e ,  w h i l e  

s t r i c t l y  c o r r e c t  v a l u e s  o f  t h e  e n e r g y  o f  a c t i v a t i o n

a r e  o b t a i n e d ,  i t  s h o u ld  b e  n o t e d  t h a t  t h e  p r e -

e x p o n e n t i a l  f a c t o r s  a r e  a t  b e s t  o n l y  r e l a t i v e  and  

c e r t a i n l y  do n o t  r e p r e s e n t  o r e c i s e  A v a l u e s .

A t y p i c a l  e n e r g y  o f  a c t i v a t i o n  p l o t  i s  shown 

i n  f i g u r e  p6 and  t h e  same p l o t  on a  r e d u c e d  s c a l e ,
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t o  f i n d  t h e  p r e - e x o o n ; n t i a - l  f a c t o r ,  i s  show n in  

f i r m  r e  3 7 .

The r e m i t s  o b t a i n e d  e r e  shown in  t a b l e  3 9 «

The e r r o r  i n  t h e  p r e - e x p o n e n t i a l  f a c t o r  i s

+ (one  power o f  t e n )  and i n  th e  e n e r g y  o f  a c t i v a t i o n  
+i s  -  .7 v  c a l . T h ese  e n e r g i e s  o f  a c t i v a t i o n  a re  m  

good agreem ent w i t h  v a l u e s  p r e v i o u s l y  r e n o r t e d  f o r  

PVA and  PVC as i r  t a b l e  AO.

P o in t s  in  t h e s e  r e s u l t s  w hich  may be o f  

p a r t i c u l a r  s i g n i f i c a n c e  a re  th e  v e r y . l o w  n r e — 

e x p o n e n t i a l  f a c t o r  i n  PVC compared w i t h  th e  

r e l a t i v e l y  h ig h  one in  PVA. The minimum v a lu e  f o r  

t h e  n r e - e x n o n e n t i a l  f a c t o r  a t  0 . 9 / 1  VA/VC 

c o m p o s i t io n  i s  v e r y  i n t e r e s t i n g  and s h o u ld  be a 

p o i n t e r , a lo n g  w ith  th e  minimum in  e n e r g y  o f  

a c t i v a t i o n ,  t o  t h e  m echanism . . The n r e - e x n o n e n t i a l  

v a l u e s  a re  o f  ex trem e i n t e r e s t ,  co p o ly m ers  o f  h igh  

VA c o n t e n t  g i v i n g  v e r y  much h ig h e r  v a l u e s  th a n  

c o o o ly n o r s  o f  h ig h  VC c o n t e n t .

The agreem ent b e tw een  t h e  v a l u e s  o b t a in e d  f o r  

PVC and PVA and p r e v i o u s l y  r e p o r t e d  v a l u e s  f o r  

t h e s e  i n d i c a t e  o n ce  more t h a t  t h e  r e a c t i o n  i n  

t r i - t o l u y l  p h o sp h a te  i s  o f  t h e  same ty p e  a s ,  and i s



OOIO I

F i g u r e  3 7.

T y p i c a l  P l o t  o f  l o g  k 
O b t a i n  P r e - e x p o n e n t i a l

____________ 60 / 4  0  VA/VC C o p o l y m e r .

a g a i n s t  Vt  t o  
F a c t o r  f o r  a

i n t e r c e p t  -  1 1 3 0 0  

p r e - e x p o n e n t  i a I f a c t o r
tz I* #32 I O
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n^q.ble 3 9 .

Pniyn.er P r e - e x p o n e n t i a l
VA/YO f a c t o r

1 q
PVA 1 .^  x  10 ‘

1 0 0 /1 2.188 X 1012

1 9 /1 6 . 0 “2 X I D 17 ’

1 0 /1 6 .802 X 101?

7 5 /2 5 1.455 X 1017'

60/40 1 .8 3 2 V 1011

0 . 9./1 8 . 45? X 1010

25/75 1-952 ■v f—
1

0
;_1 ro

1 /1 0 7.226 y

rH
 

1—IOrH

1/100 3-524 X 1011

PVO 6 .0 1 2 X 108

9 n e r a y  o f
a c t i v a t i o n
k . c a l .

3 7 .6  

3 6 .0 

38.1

5 7 .0  

3 5 . 4

31.0  

.99.6 

3 2 .9

5 1 .7  

3?-.6 

9 6 .1
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T a b le  4 0 .

Pn iv m e r Pnerp;y  o f  
a c t i v a t i o n  

I t . c a l / n o l e .

■ R efe rence ,

PVA

DV/'i -

PVO

PVC

PVO

PVO

PVC

pi/Q

PVO

PVO

3 6 . 7  

^ 7 .6

29

2 2 .8  ( s o l u t i o n )  

2 2 .5

28

33

26

3 0  ( s o l u t i o n )

26 ( s o l u t i o n )

149 

n r e s e n t  

40 

26 

25 

168 

30 

10 

146 

n r e s e n t



i n d e e d  v e r y  s i m i l a r  t o ,  t h e  r e a c t i o n  i n  t h e  

e o 1 i d  nhp .se .

P u l l  d i n c u n s i o n  o f  t h e s e  r e s u l t s  w i l l  b e  

r e s e r v e d  u n t i l  t h e  n e x t  c h a n t e r .
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CHAPTER V l l l ^

DISOUS STOTT.

T h e  e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  u s i n g  t h e  

T h e rm a i  Vo1 a t i  1 i s a t i  on A n a l y s i s  ( T . V• A .} t e c h n i s u e  

show ed t h e  r e l a t i v e  s t a b i l i t y  o f  t h e  d i f f e r e n t  

c o p o ly m e r s ,  b u t  g ave  no i n f o r m a t i o n  a b o u t  t h e  

mel-n p r o d u c t s  o r  t h e i r  r a t i o s  o r  t h e  e n e r g i e s  

o f  a c t i v a h i o n  f o r  d e g r a d a t i o n .  T h i s  t e c h n i q u e  

i s an e x t r e m e l y  u s e f u l  t o o l  f o r  q u a l i t a t i v e  

s t u d y  and  p r o d u c t  c e n t r e 1 s i n c e  a h ig h  d e g r e e  o f  

r e p r o d u c i b i l i t y  may b e ’ o b t a i n e d .

U n f o r t u n a t e l y ,  T .V .A . i s  n o t  v e r y  l i k e l y  t o  

becom e a  h i g h l y  u s e f u l  q u a n t i t a t i v e  t e c h n i q u e  b ut  

t h e r e  a r e  some l i m i t e d  p o s s i b i l i t i e s  f o r  i t  i n  

t h i s  d i r e c t i o n .

S i m i l a r l y ,  T .G .A . i s  u n l i k e l y  to  be u s e f u l  f o r  

q u a n t i t a t i v e  w o rk  on. PYC b u t  i t  c a n  a g a i n  b e  u s e d  

q u a l i t a t i v e l y .  An im p ro v e m e n t  o f  g r e a t  v a l u e  

w o u ld  b e  t o  com b in e  t h e s e  two t e c h n i q u e s .  The 

c o m b i n a t i o n  w o u ld  ad d  i n f i n i t e l y  t o  t h e  u s e f u l n e s s  

o f  T .G .A .  and i t  i s  p o s s i b l e  t h a t  a l l  p r o d u c t s  an d  

e n e r g i e s  o f  a c t i v a t i o n  may b e  f o u n d  f ro m  one o r ,  

a t  t h e  m o s t ,  two r u n s . ’
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The e f f e c t s  of  th r e e  agen ts  wnon the 

degradaf ion  behav iour  of the  rolyrners are  of  

i n t e r e s t .  The f i r s t  agent i s  e t h y l  benzoate  

which was found to  i n t e r f e r e  q u i t e  s t r o n g l y  with  

th e  d e g ra d a t io n .  The f i r s t  reason which might 

be sugges ted  fo r  t h i s  i s  e s t e r  exchange w ith  the  

polymer but t h i s  i s  u n l i k e l y  as th e  r e a c t a n t s  and 

th e  co n d i t io n s  a re  not  those  norm al ly  cons idered  

n e c e s s a ry  f o r  t h i s  ty se  of  r e a c t i o n .  The second 

s u g g e s t io n  i s  t h a t  h y d r o l y s i s . of the e th y l  

benzoate  by th e  d e g rad a t io n  p ro d u c ts ,  e s o e c i a l l y  

a c e t i c  a c id ,  might occur ,  s in ce  i t  i s  PVA which i s  

most a f f e c t e d .  This i s  most u n l i k e l y ,  e s p e c i a l l y  

i n  the  l i g h t  of  l a t e r  f i n d in g s ,  ch ap te r  V , t h a t  

th e  product  of  t h i s  r e a c t i o n ,  benzoic ac id ,  

a c t u a l l y  i n h i b i t s  th e  d e g ra d a t io n .  The reason  

f o r  t h i s  i n h i b i t i o n  has s t i l l  to  be found.

The t h i r d  p o s s ib le  e x p lan a t io n  f o r  th e  e f f e c t  

of  e t h y l  benzoate  i s  t h a t ,  a l though  the e th y l  

benzoate  i t s e l f  p lays  no d i r e c t  p a r t ,  the  a c e t i c  

a c id ,  which remains in  th e  r e a c t i o n  s o lu t i o n ,  

c a t a l y s e s  the  d e g ra d a t io n  and causes the  

a u t o c a t a l y t i c  behaviour  observed .  This  i s  q u i t e
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f  e as lb  1 e in  th e  l im ht  of  th e  charge s e n o ra t io n
r i 5 0  >

mechanism fo r  th e  decomoo,0 i  t i  on of PYA v - ~ ✓ where 

th e  r o t e  world in c re a s e  i f  th e  d i e l e c t r i c  c o n s ta n t  

o f  th e  medium were i n c r e a s e d .  This  would b a r ren  

i f  a c e t i c  ac id  were added to  e t h y l  benzoate*

GH7 -  0 - 0  — H - 'OM l .  r«

0 — OF:T„

This p o s t u l a t e  i s  suppor ted  by r e s u l t s  i n  t r i -  

t o l u y l  phosphate which showed t h a t  th e  two a c i d i c  

deg rada t ion  p roduc ts  c a ta ly s e d  th e  d eg ra d a t io n .

This aga in  could  be by an in c r e a s e  i n  the  d i e l e c t r i c  

c o n s ta n t  and t h i s  would favour  a charge s e p a r a t io n  

mechanism. I t  i s  d i f f i c u l t  t o  see how th e s e  

p ro d u c ts  could  in c re a s e  the  r a t e  of a r a d i c a l  

r e a c t i o n  but  i t  i s  Imown t h a t  hydrogen c h lo r id e  

causes  th e  breakdown, of pe rox ides  The

c r e a t i o n  a r i s e s  as to  whether  t h e r e  a re  s u f f i c i e n t  

hydroperoxides  r r e s e n t  in  th e  polymer to  cause the  

changes no ted  and t h i s  appears  to  be u n l i k e l y .
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The r a t e  i s  in c re a se d  when th e  p roduc ts  are  

allowed to  b u i l d  uo bu t  i t  r e t u r n s  to  th e  u n ca ta ly sed  

r a t e  t h e r e a f t e r .  Ore ex p lan a t io n  fo r  t h i s  i s  t h a t  

. the r a t e  of i n i t i a t i o n  i s  in c re a s e d  by the 

d e g ra d a t io n  p roduc ts  and thus t h e r e  a re  more 

o ro p ag a t in g  ch a i n s .

The f i n a l  agency whose e f f e c t  on the r a t e  

i s  to be d is c u s se d ,  i s  oxygen. The e f f e c t  o f  

oxygen i s  to  g ive an a u t o c a t a l y t i c  mechanism. The 

r ea so n  f o r  t h i s  i s  p robably  t h a t  o x id a t io n  o f  

double bonds occurs to  g ive r e a c t i v a t i o n  of t h e s e  

s i t e s  a t  th e  end o f  long con juga ted  polyene 

sequences ,  which a re  no longer  capable  of 

p ro p a g a t in g .  There i s  l e s s  co lo u r  formation, i n  

oxygen than  in n i t ro g e n  and the  m olecular  weight 

drops Thus, the  a t t a c k  i s  in  th e  body o f

th e  cha in  and p robably  in  th e  c e n t r a l  p a r t s  o f  

polyene sequences to  g ive  s t r u c t u r e s  capable  o f  

p ro p a g a t io n  and t r a n s f e r .  I t  i s  p o s s i b l e ,  

t h e r e f o r e ,  t h a t  oxygen a c t s  as a t r a n s f e r  agen t .

I t  was shown i n . a  number of ways t h a t  minimum 

s t a b i l i t y  occurs in  the copolymer ra n g e  b e tw een
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50/'  VC pnd 75f' "VO and i t  i s  n o t i c e a b l e  t h a t  t h i s  i s  

t h e  composition a t  which t h e r e  i s  th e  g r e a t e s t  

l i v e l i h o o d  of one VA u n i t  having  two VO u n i t s  

a d ja c e n t  to  i t  w i thou t  i t  being  in  a b lo c 1: of 

YO u n i t s  i . e .  the  most random s t r u c t u r e  w i l l  occur .

I t  was no ted ,  ch a p te r  VI, t h a t  th e  h e ig h ts  of  

peaks,  in th e  long wavelength p o r t i o n  of the  s p e c t r a  

of th e  degraded co-polymer, began to  d e c re a se  a f t e r  

a c e r t a i n  amount of d e g ra d a t io n ,  dependant upon the  

com posi t ion  of  th e  copolymer. This  r e d u c t io n  was 

a s s o c i a t e d  w ith  an in c re a s e  i n  molecular  w e igh t .

T h is  could  be caused by the  condensa t ion  of a long 

polyene cha in  w i th  ano ther  one or w i th  a carbon-  

carbon double bond, in  a D ie l s  Alder or o the r  

polyene condensa t ion  r e a c t i o n .

This  would give a c e n t r e  capable of  p ro p ag a t io n  

i n  f o u r  d i r e c t i o n s ,  because th e  co n ju g a t io n  leng th
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has been reduced,  in  a t  l e a s t  one p a r t .  There w i l l

thus  be an in c r e a s e  i n  r a t e ,  as has  been no ted  by

o th e r  workers ' w  . Such a r e a c t i o n  would a l so

g ive  the  type of s t r u c t u r e  which would be i d e a l

f o r  breakdown to  Benzene and o th e r  aromatic

compounds which a re  found in  th e  v o l a t i l e  p roduc ts

a t  d e g ra d a t io n  tem pera tu res  above 250°C. This

c r o s s - l i n k i n g  mechanism a l so  has sup p o r t  i n  t h a t  i t
( 6 )was shown by Bengough ' J t h a t  th e  c r o s s - l i n k i n g  

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

I t  was a l so  noted  t h a t  t h e r e  a re  two minima 

in  co lo u r  p ro d u c t io n ,  a t  ICp VC and 10# VA. I t  i s  

p o s s i b l e  t h a t  th e se  polymers produce more p ropaga t ing  

c h a i n s ' b u t ,  f o r  a s e t  pe rcen tage  ac id  l o s s ,  they  

w i l l  produce l e s s  c o lo u r  by depropaga t ing  to a 

l e s s e r  e x t e n t .

The f a c t  t h a t  PVC produces g r e a t e r  co lour  than  

PVA and the  o th e r  polymers could be suppor t  f o r  th e  

r a d i c a l  th e o ry  as longer cha ins  a re  be ing  produced 

more q u ic k ly .  This type  of p o s t u l a t e  immediately 

r e q u i r e s  t h a t  the  copolymers degrade by an io n ic  

o r  charge s e p a r a t io n  mechanism, which i s  not  

n e c e s s a r i l y  the  case .



This phenomenon shown by P/C could a l so  be 

a t t r i b u t a b l e  to  a p ro d u c t io n  of fewer i n i t i a t i o n  

s i t e s .

Any f u t u r e  work ^  the  c o lo u ra t io n  of th e s e  

polymers. v i l "1 r e q u i r e  v e r y  s e n s i t i v e  u l t r a - v i o l e t  

and v i s i b l e  s p e c t r a l  measurements'.

The en e rg ie s  of  a c t i v a t i o n ,  chap te r  711, f o r  

PVO and PVA are  very  s i m i l a r  to va lues  p r e v io u s ly  

ob ta in ed  and t h i s  i n d i c a t e s  t h a t  so lu t ion ,  e f f e c t s  

nre  not changing the  k i n e t i c s  of th e  d e g ra d a t io n  w ith  

r e s o e c t  to  th o se  in  th e  s o l i d .  The in c r e a s e  i n  r a t e

of d e h y d ro c h lo r in a t io n  in  t r i - t o l u y l  phosphate 

r e p o r t e d  by Bengough may be caused by the

b u i ld  up of r a t e - a c c e l e r a t i n g  hydrogen c h lo r id e  

ip  t h e  t r i - t o l u y l  phosphate  to  a g r e a t e r  e x t e c t  

then  in  e t h y l  b en zo a te .  Then nitrogen, i s  blown . 

through th e  s o l u t i o n ,  t h i s  f e a t u r e  i s  removed.

This could a lso  account f o r  the  high energy of 

a c t i v a t i o n  found by Bengough when u s ing

t r i - t o l u y l  phosphate .  Ho prev ious  work has been, 

c a r r i e d  out on the  en e rg ie s  ~6f a c t i v a t i o n  o f  th e  

copolymers.



The en e rg ie s  of a c t i v a t i o n  found do not show 

a g ro a t  v a r i a t i o n  throughout th e  range a l though 

t h e r e  i s  a t r e n d  upwards from PVO to  PVA. ,nhe 

apparen t  minimum a t  a 0 . 9 / 1  copolymer may be 

a s s o c i a t e d  in  some way with  the  minimum in. 

s t a b i l i t y  which i s  observed i n  t h i s  a rea  of 

com pos i t ion .  In many cases  th e  h ig h e s t  tem pera tu re  

r a t e  i s  out of  l i n e  w i th  the  r e s t  as th e  p roducts  

he re  a re  coming o f f  v e ry  r a p i d l y  and may n o t  be 

swept out as e f f i c i e n t l y  as a t  lower tem pera tu res  

and thus  the  r a t e . a n d  the energy o f  a c t i v a t i o n  

would be in c re a s e d .

The p r e - e x p o n e n t i a l  va lues  g ive  l i t t l e  

ad d i t iona l ,  in fo rm at ion  about the  mechanism o f  the  

r e a c t i o n  bu t  t h e  r e l a t i v e l y  l a rg e  va lues  may be an 

i n d i c a t i o n  t h a t  a chain  r e a c t i o n  i s  invo lved .

The many, v a r i e d  p ie ce s  of  evidence d is c u s se d  

above make t h e  p o s t u l a t i o n  of  a mechanism very  

d i f f i c u l t .  However, i f  the  r e l a t i v e  s t a b i l i t y  

of th e  v a r io u s  copolymers i s  taken  as t h e  most 

v i t a l  f a c t ,  the  deg rada t ion  could  occur by 

a c t i v a t i o n  o f  VA u n i t s  by a d jac e n t  VC u n i t s .
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OHn -  C H O I — C H o*”  OH - 0H o -  CHOI(
n
I

c h 7 — c  =  o  
2

The c h lo r in e  atom w i l l  have an e l e c t r o n -  

v / i thdrawing e f f e c t  on th  - ad jacen t  methylenic  

carbon-hydroyen bonds. This  w i l l  a c t i v a t e  th e se  

hydrogen atoms f o r  r e a c t i o n  w ith  the  a c e t a t e  group 

b r̂ a charge s e n a ra t io n  n ro cess  as p o s t u l a t e d  by
n  igq >

G rass ie  \  ' J f o r  PVA. . This  would produce a

carbon-carbon  double bond in  th e  c h a in .
c

Support f o r  t h i s  p o s t u l a t e  i s  found i n  the  

f a c t  t h a t  a c e t i c  ac id  tends  to  be p r e f e r e n t i a l l y  

removed i n  the  f i r s t  s t a g e s  of the  r e a c t i o n ,  

c h a p te r  V 2 A. f i g .  29.

The double bond formed in  t h i s  way could 

a c t i v a t e  an ad jacen t  VC u n i t  by a l l y l i c  a c t i v a t i o n ,  

i f  t h i s  u n i t  w i l l  decompose by a charge s e p a ra t io n  

o r  i o n i c  mechanism.

An a l t e r n a t i v e  mode of a c t i o n  o f  the  double 

bond i s  by be ing  a secondary i n i t i a t i o n  p o in t ,  

in cap ab le  i n  i t s e l f  of i n i t i a t i o n  but capable  of 

i n i t i a t i o n  a f t e r  a c t i v a t i o n  by some o th e r  agen t ,
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for examo1 o oxygen.
Another t e s t  f o r  t h i s  th e o ry  i s  v/hether i t  

could  e x p la in  th e  observed valn.es of en e rg ie s  of  

a c t i v a t i o n .  I t  could be because th e r e  i s  a d i s t i n c t  

■ poss ib i l i ty  t h a t  an io n ic  or un im olecu la r  mechanism 

f o r  breakdown can be imnosed m o n  the  VC u n i t  and 

thus,  i n  t h i s  case ,  t h e  r a d i c a l  o o r t i o n  could  w e l l  

be su p p ressed .

Because of th e  a c t i v a t i o n ■-of th e  VA u n i t ,  the  

expected  minimum in  energy o f  a c t i v a t i o n  would be 

between 50%- and 75 ^  VC, a t  which composit ions th e  

l i k e l i h o o d  o f  a VA u n i t  be ing  f la n k e d  by VO u n i t s , - ,  

i s  g r e a t e s t ,  w i thou t  be ing  in  a; b lock of VC u n i t s .

I f  t h i s  p r o p o s e d  mechanism i s  c o r r e c t ,  t h e r e  

w i l l  o b v i o u s l y  be many more p o i n t s  o f  i n i t i a t i o n  i n  

t h e  cop o lym ers  t h a n  i n  th e  hom opolym ers .  There  

i s  c e r t a i n l y  a l l y l i e  a c t i v a t i o n  i n  PVA b u t ,  i n  

t h i s  c a s e ,  i t  p r o b a b ly  c o n s t i t u t e s  a l l  th e  i n i t i a t i o n  

th ro u g h  u n s a t u r a t e d  t e r m i n a l  s t r u c t u r e s  and t h e r e  

i s  far* l e s s  i n i t i a t i o n  i n  PVA, as e v i d e n c e d  by i t s  

r e l u c t a n c e  t o  d e g r a d e .  Thus,  i n  t h e s e  c o p o ly m e r s ,  

one w ould  e x p e c t  many more p o s s i b l e  p o i n t s  o f



203.

i n i t i a t i o n  than in. PVA. In  a l l  c a se s ,  however, 

t h e  d eg ra d a t io n  w i l l  b u i l d  in  s lowly  as the  

a c t i v a t i o n  from one carbon-carbon  double bond 

w i l l  be much l e s s  than '  t h a t  from two conjugated  

ca rbon-carbon  double bonds. i

The c o l o u r a t io n  observed i s  a l so  e x p l i c a b le  

by t h i s  mechanism. As th e  number of  i n i t i a t i o n  

s i t e s  i n c r e a s e s ,  the  d i s c o l o u r a t i o n ,  a t  a g iv en '  

p e rcen tag e  lo s s  o f  a c id ,  w i l l  be l e s s .  The 

s t r u c t u r e  A may lo se  a c e t i c  ac id  by e i t h e r  o f  th e  

r o u t e s  shown9which are  e q u iv a le n t .  The p roduc ts  

formed w i l l  reduce th e  p o s s i b i l i t i e s  f o r  long 

polyene sequences i f  two subsequent  VA u n i t s  

l i b e r a t e  ac id  i n  th e  two d i f f e r e n t  d i r e c t i o n s .



The, number of b lockages w i l l  in c re a s e  as t h e  

number of YA or YG u n i t s  i s  in c re a se d  but some 

d i r e c t i v e  e f f e c t  would be expected  to come in to  

p l a y  when th e  i n i t i a t i o n  s i t e s  a r e  c lose  enough 

to g e t h e r .  This e f f e c t  w i l l  tend  to  remove the  

randomness from the  i n i t i a t i o n  thus  causing  a 

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

d i s c o l o u r a t i o n  r e s u l t s ,  i t  would appear  t h a t  the 

p o i n t ,  a t  which t h i s  d i r e c t i n g  fo rc e  beg ins  to  have 

an e f f e c t ,  i s  j u s t  over  1 0 ;j of  e i t h e r  monomer, 

which i s  th e  p o in t  o f  minimum, c o l o u r a t io n .  This 

means t h a t  th e re  i s  a d i r e c t i v e  e f f e c t  i f  the  

i n i t i a t i o n  s i t e s  are l e s s  th a n  1 0  monomer u n i t s  a p a r t .
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f;1he i n i t i a t i o n  p rocess  p o s tu l a t e d  wouId be 

a c t i v a t e d  by the  d e g rad a t io n  p roduc ts  as th e s e  ac id s  

would in c re a s e  th e  d i e l e c t r i c  co n s ta n t  of th e  medium, 

sTuvm e a r l i e r  in  t h i s  c h a p te r .  This v/ould in c re a s e  

th e  r a t e  o f  a charge s e p a r a t io n  p rocess  or an i o n i c  

p r o c e s s .

The e f f e c t  o f  b e n z o i c  a c i d  i s  d i f f i c u l t  t o

ex p la in  bu t  i t  appears to be a s s o c ia t e d  w ith  the  

hydroxyl group of  th e  a c id .  This could  merely be 

by some a d d i t io n  r e a c t i o n  with  the  p roduc ts  of  the  

r e a c t i o n .

The mechanism could account f o r  oxygen 

c a t a l y s i s  by ox ida t ion ,  o f  the  carbon-carbon  double 

bonds formed i n  the  p o s t u l a t e d  i n i t i a t i o n  s t e p .  This  

would g ive  peroxide  s t r u c t u r e s  which could  give ch a in  

s c i s s i o n  and thus d e g rad a t io n  i n  two d i r e c t i o n s  

could  occur .  This  work has no t  been s u c c e s s fu l  

in  f i n a l l y  e s t a b l i s h i n g  th e  mechanism of  

d eg rad a t io n  of PVO. However, the  r e s u l t s  

o b ta in ed  and th e  mechanism p o s tu l a t e d  f o r  the  

d eg ra d a t io n  of the  copolymers both sugges t  a 

p o s s ib le  ex p lan a t io n  fo r  the  d i f f i c u l t y  found in
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n', ~ t in f- pu o me oh pm.i"? of d ̂ "r^d.^.oio^ of FVC. 

fplT’ o i s  t h ° t  th e  VO u n i t  nay be induced, dependent 

upon i f  environment, to  dose hydrgoen c h lo r id e  

by a r a d i c a l  or  io n ic  mechanism and i t  i s  p o s s i b l e  

t h a t ,  in  PVO d eg rad a t io n ,  th e s e  two mechanisms 

on -rat e s i  mult aneous 1  y .

The f a c t o r s  d e sc r ib ed  i n  t h e  i n t r o d u c t i o n  

sugges t  many p o s s i b l e  modes of f u t u r e  i n v e s t i g a t i o n .  

The f i r s t  of th ese  i s  th e  obvious va lue  of  e l e c t r o n  

sp in  resonance ( S . 3 .P .}  i n v e s t i g a t i o n s  in th e rm a l ly ,  

degrad ing  PVO to  determ ine  i f  r a d i c a l s  a re  p r e s e n t  

a.nd, i f  r a d i c a l s  a re  found, to  de te rm ine  t h e i r  

number. This number could be compared w i th  t h e  

number of nroo a g a t in g  cha ins  c a l c u l a t e d  from, k i n e t i c s  

on from u l t r a  v i o l e t  measurements to  determine i f  

a l l  t h e  p ropaga t ing  cha ins  invo lve  r a d i c a l s .  This 

would have to  be done a t  d i f f e r e n t  tem pera tu res  and 

on d i f f e r e n t  polymers to  give c o n c lu s iv e  r e s u l t s .

J t  would, however, f i n a l l y  nrove or d isp rove  th e  

e x i s t e n c e  of r a d i c a l s  i n  th e rm a l ly  degrading  PVO.

I f  r a d i c a l s  were found, i t  would confirm t h a t  they  

p a r t i c i p a t e  in  a t  l e a s t  one p a r t  of the  d e g rad a t io n



o ro cers  b u t ,  i f  they  were n o t  found, i t  would m e a n  

t h a t  th ey  do no t  p a r t i c i p a t e  a t  a l l .  I t  i s  r e a l l y  

of no value  to  perform 3 .S .H . measurements on 

m a t e r i a l  a l re a d y  th e rm a l ly  degraded as r a d i c a l s  

could, combine to  d e s t ro y  each o th e r  or  u n s a tu ra te d  

s t r u c t u r e s  could  r e a c t  w ith  oxygen to g ive  r a d i c a l s  

du r in g  the  p e r io d  between d eg rad a t io n  and E .S .R .  

vn a s u re m e n t . This would r iv e  t o t a l l y  m is lead ing  

r e s u l t s .

The nex t  problem i s  the d e te rm in a t io n  of the  

po lyene .chain, leng th  and t h i s  n e c e s s i t a t e s  a very  

thorough i n v e s t i g a t i o n  o f  th e  s p e c t r a  of a l l  

i n d i v i d u a l  polyenes of leng th  2 to  25. Thus s p e c t r a  

of a l l  i n d iv id u a l  and a l l  p o s s i b l e  m ix tures  of 

polyenes  must be examined to  determ ine  e x t i n c t i o n  

c o e f f i c i e n t s  and th e  wavelengths of  the  maxima. 

Because of the  e f f e c t  of s u b s t i t u e n t s  on th e  

s p e c t r a ,  fo u r  polyenes must be p rep a red  and examined 

f o r  each cha in  l e n g th .

Thus, the  only  way t h a t  c o lo u ra t io n  could  be 

t a c k l e d  in  a q u a n t i t a t i v e  way would be very  arduous 

and, p o s s i b ly  fo r  t h i s  r e a s o n ,  many workers have
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nned r e l a t e  onshins which are  s a t i s f a c t o r y  only f o r  

th '-r 'r  own requ irem ents  as a l re a d y  d is c u s s e d  in  

c h e a t e r  1 .

From a commercial p o in t  of  view, the  problem 

of  i n h i b i t i n g  c o lo u ra t io n  i s  c l e a r l y  one of 

red u c in g  the  polyene sequence leng th  so t h a t  th e  

po 1 yw.er w i l l  absorb i n  the  u l t r a - v i o l e t  r eg io n  of 

th e  so e c t  r  urn.

The r e l a t i o n s h i p  of the  p o ly m e r i sa t io n  

i n i t i a t o r  to  the d eg rad a t io n  p rocess  may be 

d e te rm in ab le  by th e  use o f  r a d i o t r a c e r  te ch n iq u e s .  

These s t u d i e s  may give an i n s i g h t  in to  the  

i n i t i a t i o n  s i t e s  f o r  d e g ra d a t io n .

The work us ing  Th.M.R., d e s c r ib e d  in. ch a p te r  111 

could  be extended to  t h e  use of a 220 Tic/s machine 

which could p o s s ib ly  s e p a r a t e  th e  i s o t a c t i c ,  

s y n d i c t a c t i c  and a t a c t i c  c o n t r ib u t io n s  and perhaps 

i n d i c a t e  some in f lu e n c e  on d e g ra d a t io n .  Another 

p o s s i b l e  development i s  th e  a p p l i c a t i o n  of  a r a p id  

measurement of pe rcen tage  VA i n  the  copolymers to  

i n d u s t r i a l  p rocess  c o n t r o l .
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From the  r e s u l t s  o b ta in ed ,  i t  would appear 

tho.t a polymer co n ta in in g  about 10/!> VA would be  

th e  most r e s i s t a n t  to  d i s c o l o u r a t i o n .

t
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