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MOLECULAR WEIGHT DISTRIBUTIONS OF DURHAM POLVACETYLENE 
PRECURSOR POLYMERS 

KEVIN HARPER AND PETER G. JAMES 
BP Research  C e n t r e ,  Cher t sey  Road, Sunbury-on-Thaaes, 
ENGLAND. 

A b s t r a c t :  A l o w  t e m p e r a t u r e  g e l  p e r m e a t i o n  chromatography  sys tem 
has  been deve loped  and used t o  o b t a i n  t h e  m o l e c u l a r  w e i g h t  
d i s t r i b u t i o n s  o f  a s e r i e s  o f  Durham p o l y a c e t y l e n e  p r e c u r s o r  
po lymers .  

INTRODUCTION 

The Durham r o u t e  t o  p o l y a c e t y l e n e  ( 1 )  is s u n a a r i 6 e d  i n  Scheme 1. 

R R 

Scheme 1 

Monomers ( I )  o r  (11 )  a r e  r i n g - o p e n  p o l y m e r i s e d  u s i n g  t y p i c a l  
m e t a t h e s i s  c a t a l y s t s  t o  g i v e  Durham p r e c u r s o r  p o l y m e r s  (111 )  or 
( I V ) .  These po lymers  a r e  t h e r m a l l y  u n s t a b l e  and may be  c o n t r o l l a b l y  
t r a n s f o r m e d  t o  g i v e  p o l y a c e t y l e n e  ( V I .  However, t h e i r  t h e r m a l  
i n s t a b i l i t y  ha5 so  f a r  p r e c l u d e d  t h e  u5e o f  c o n v e n t i o n a l  
s o l u t i o n - p h a s e  t e c h n i q u e s  f o r  t h e i r  c h a r a c t e r i s a t i o n .  The m o l e c u l a r  
w e i g h t  d i s t r i b u t i o n s  o f  samples o f  Durham po lymers  (111 )  and ( I V )  
have r e c e n t l y  been o b t a i n e d  u s i n g  l o w  t e m p e r a t u r e  g e l  p e r m e a t i o n  
chromatography  (GPC) a5 o u t l i n e d  be low.  

EXPERIMENTAL 

The GPC a p p a r a t u s  used i s  r e p r e s e n t e d  s c h e m a t i c a l l y  i n  F i g u r e  1. 
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56 K. HARPER AND P. 0. JAMES 

SAMPLE n. I 

TETRAWYOROFIBAN TIIF 

DETECTOR OYPHON 
AND / OR 

WASTE 

DATA ACOUlSlTlON 

RECORDER 

F i g u r e  lr S c h e m a t i c  e x p e r i m e n t a l  l a y o u t  f o r  g e l  p e r m e a t i o n  
c h r o m a t o g r a p h y  

6 P C  r e l i e s  on  t h e  a b i l i t y  o f  p o r o u s  s u p p o r t s  ( p s t y r a g e l l ( 2 )  t o  
s e p a r a t e  p o l y m e r  m o l e c u l e s  b y  v i r t u e  o f  t h e i r  s ize  or  h y d r o d y n a m i c  
v o l u r e .  A c o n d i t i o n  o f  t h e  t e c h n i q u e  i s  t h a t  t h e  p o l y m e r  m u s t  b e  
s o l u b l e  i n  t h e  e l u e n t  s o l v e n t .  T h e  c o l u m n s  were c a l i b r a t e d  w i t h  
s t a n d a r d s  ( n o n o d i s p e r s e  p o l y s t y r e n e )  o f  known m o l e c u l a r  w e i g h t  so 
t h a t  a d i s t r i b u t i o n  f u n c t i o n  i n  terms o f  m o l e c u l a r  w e i g h t  c o u l d  b e  
o b t a i n e d .  The  6PC a p p a r a t u s  ( e x c l u d i n g  t h e  d a t a  a c q u i s i t i o n  a n d  
r e c o r d e r  u n i t s )  was s i t u a t e d  i n  a c o l d  r o o a  w i t h  a n  a m b i e n t  
t e r p e r a t u r e  o f  -17OC. A t  t h i s  t e m p e r a t u r e  r e p r o d u c i b l e  6 P C  
d i s t r i b u t i o n  c u r v e s  were o b t a i n e d .  

RESULTS A N D  DISCUSSION 

A t y p i c a l  6PC d i s t r i b u t i o n  c u r v e  f o r  a s a m p l e  o f  D u r h a r  p o l y r e r  
( 1 1 1 )  i s  shown i n  F i g u r e  2. A v a r i e t y  o f  s a m p l e s  were s t u d i e d .  
E x a m p l e s  o f  sore of  t h e  r e s u l t s  o b t a i n e d  a r e  g i v e n  i n  Table 1. 
" P o l y s t y r e n e  e q u i v a l e n t "  w e i g h t - a v e r a g e  r o l e c u l a r  w i g h t s  r a n g e d  
from 200,000 t o  500,000 d e p e n d i n g  u p o n  t h e  p o l y m e r i s a t i o n  
c o n d i t i o n s ,  i n d i c a t i n g  t h a t  Durham p o l y m e r  is a g e n u i n e  h i g h  
m o l e c u l a r  w e i g h t  p o l y m e r .  
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DISTRIBUTIONS OF DURHAM POLYACETYLENE PRECURSOR POLYMERS 51 

Figure 2. 

GPC DIFFERENTIAL DISTRIBUTION 

* O  
10' 10' 10' 10' lo6 10' 

MOLECULAR WEIGHT 

GPC INTEGRAL DISTRIBUTION r loo 

' 8 0 .  

8 0 .  

4 0 .  

DURPOL,CF3 

f 
0 

10' 10' 10' 10' 10' 10' 
MOLECULAR WEIGHT 

7 

1 o8 

Mn Mw Mv Mz Mw/Mn 
159759.7 201044.4  0.0 381880.3 1.0 

GPC distribution curve f o r  a sample o f  Durham polymer 

POLYHER HOLE RCITIOS(a) HW Hn HnlHn 
Hononer:Solvent 

(111) 100: 1075 281,000 160,000 1.8 

( 1 1 1 )  100: 1000 256,000 92 , 000 2.8 
(111) (b) 100: 750 269,000 104,000 2.6 
( I V )  100:2000 402,000 184,000 2.2 

(111) 14411014 412,000 179,000 2.3 
(111) 100: 750 389,000 156,000 2.5 

( a )  Relative to WCf~(HoClS):SnHe*ratio o f  1:2 
( b )  HoCls used 

Table 1:"Polystyrene equivalent" molecular neights f o r  a range 
o f  Durham p o l y m e r s  
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58 K. HARPER AND P. a. JAMES 

To check t h e  v a l i d i t y  o f  t h e  " p o l y s t y r e n e  e q u i v a l e n t "  m o l e c u l a r  
w e i g h t s  o b t a i n e d  b y  GPC, t h e  we igh t -ave rage  m o l e c u l a r  w e i g h t  o f  a 
sample o f  t h e  room- tempera tu re -s tab le  model po lymer  ( V I )  was 
o b t a i n e d  b y  l i g h t - s c a t t e r i n g  ( 3 ) .  A sample o f  po l ymer  ( V I )  w i t h  a 
GPC " p o l y s t y r e n e - e q u i v a l e n t "  m o l e c u l a r  w e i g h t  o f  2 7 9 , 0 0 0  had a 
l i g h t - s c a t t e r i n g  m o l e c u l a r  w e i g h t  o f  5 9 0 , 0 0 0 ,  hence t h e  v a l u e s  
g i v e n  i n  Tab le  1 s h o u l d  b e  c o r r e c t e d  b y  m u l t i p l y i n g  by  a f a c t o r  o f  
2 .  These r e s u l t s  i n d i c a t e  t h a t  t h e  number o f  doub le  bonds i n  
5urham p o l y a c e t y l e n e  is as  h i g h  as 7 5 0 0  ( 4 ) .  

CONCLUSIONS 

( 1 )  The a o l e c u l a r  w e i g h t  d i s t r i b u t i o n s  o f  Durham p r e c u r s o r  po l ymers  
have been o b t a i n e d  u s i n g  l o w  t e m p e r a t u r e  6PC. 
( 2 )  A c o n c u r r e n t  l i g h t - s c a t t e r i n g  e x p e r i m e n t  i n d i c a t e d  t h a t  t h e  
" t r u e "  we igh t -ave rage  m o l e c u l a r  w e i g h t s  o f  t h e  Durham-type po lymers  
were a p p r o x i  mate1 y t*i ce t h e  " p o l  y s t  y rene -equ i  Val e n t  I' rnol e c u l a r  
we igh ts .  
( 3 )  Durham p r e c u r s o r  po l ymers  a r e  g e n u i n e  h i g h  m o l e c u l a r  w e i g h t  
po lymers ,  p roduc i -ng  i n i t i a l l y  c i s  p o l y a c e t y l e n e  w i t h  up t o  7 , 5 0 0  
doub le  bonds. 
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