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EXTENDING THE DIACETYLENE POLYMEYIZATION CONCEPT -- 
A REACTIVE INTERMEDIATE 4NALYSIS 

DANIEL J. SANDMAN 
GTE L a b o r a t o r i e s ,  I n c o r p o r a t e d  
40 S y l v a n  Road 
I Ja l  tham, Nassachuse  t t s 0 2 254 

P-bs t rzc t .  In t h e  i n t e r e s t  o f  i d e n t i f y i n g  monomer 
s t r u c t u r e s  which might  l e a d  t o  f u r t h e r  examples  of  
f u l l y  c r y s t a l l i n e  ron j u g a t e d  polymers ,  t h e  s t r u c -  
t u r e s  o f  d i r a d i c n l  (DR)  and d i c a r b e n e  (DC) s p e c i e s  
which might  be  o b t a i n e d  from dn a s s o r t m e n t  o f  mono- 
mers more e x t e n d e d  i n  l e n g t h  t h a n  d i a c e t y l e n e s  a re  
q u a l i t a t i v e l y  d i s c u s s e d  i n  terms of t h e i r  genera-  
t i o n  and p o s s i b l e  r e a c t i v i t y  p a t t e r n s .  

The s o l i d  s t a t e  p o l v m e r i z a t i o n  o f  d i a c e t y l e n e  mono- 
mers i s  by now a model p r o c e i s  f o r  t h e  p r o d u c t i o n  o f  macro- 

1 s c o p i c  f u l l y  o r d e r e d  c r y s t a l s  o f  c o n j u g a t e d  polymers .  
Beyond t h e  i n t e r e s t i n g  p r o c e s s  o f  t h e i r  f o r m a t i o n ,  t h e  
p o l y d i a c e t y l e n e s  e x h i b i t  o p t i c a l  and e l e c t r o n i c  p r o p e r t i e s  
which  are  c l e a r l y  of  fundamental  i n t e r e s t ,  as ire11 as po- 
t e n t i a l l y  t e c h n o l o g i c a l l v  u s e f u l .  I t  i s  t h e r e f o r e  appro-  
p r i a t e  t o  s e e k  r e l a t e d  monomer m o l e c u l a r  s t r u c t u r e s  and i n -  
q u i r e  i n t o  t h e i r  p o s s i b l e  s o l i d  s t a t e  r e a c t i v i t y  i n  t h e  
hope  o f  f i n d i n g  f u r t h e r  examples  o f  f u l l y  c r y s t a l  l i n e  con- 
i u g a t e d  polymer4 . 

It i s  a s t r a i g h t f o m a r d  e x e r c i s e  t o  l i s t  numerous mo- 
l e c u l a r  s t r u c t u r e s  o f  c o n j u a t e d  monomers which a r e  g r e a t e r  
i n  l e n g t h  t h a n  d i a c e t y l e n e s .  T o  p r o c e e d  f u r t h e r ,  i t  i s  
a p p r o p r i a t e  t o  r e c o g n i z e  t h a t  s p e c i e s  such  a s  t h e  d i r a d i -  
c a l  (DR) and d i c n r b e n e  ( I ) ( ; ) ,  l i s t e d  i n  Scheme 1 w i t h  R as  
a g e n e r a l i z e d  s u b s t i t u e n t ,  a r e  t h e  l i k e l y  i n i t i a t i n g  
s p e c i e s .  ,2 DR and DC are  n o t  r e s o n a n c e  s t r u c t u r e s ,  as  
t h e y  have  d i f f e r e n t  numbers o f  u n p a i r e d  e l e c t r o n s .  Qual i -  
t a t i v e l y ,  DR would be  e x p e c t e d  t o  h e  lower i n  e n e r g y  t h a n  
DC b e c a u s e  f e w e r  p i  bonds a r e  broken  i n  i t s  f o r m a t i o n .  
The o l i g o m e r s  o f  DR and DC, as w e l l  as  more complex s p e c i e s ,  
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68 D. J .  SANDMAN 

a r e  t h e  key s p e c i e s  i n  t h e  p ropaga t ion  of  t h e  po lyd iace ty -  
l e n e  chain.’ Hence, t h i s  work seeks  t o  ana lyze  t h e  DF and 
DC s p e c i e s  from monomer molecular  s t r u c t u r e s  w i t h  more ex- 
tended  conjugated  systems than  t h e  d i a c e t y l e n e s .  The as- 
sumptions i m p l i c i t  i n  t h e  a n a l y s i s  a r e :  (1) on ly  t h e  DR and 
DC i n t e r m e d i a t e s  are r e l e v a n t ;  ( 2 )  on ly  t h e i r  1,n (where n 
i s  t h e  number o f  carbons  i n  t h e  con juga ted  cha in )  a d d i t i o n  
r e a c t i o n s  a r e  impor t an t ;  and (3)  i n  an  expe r imen ta l  system, 
monomer c r y s t a l  s t r u c t u r e  may be  c o n t r o l l e d  t o  g i v e  t h e  
a p p r o p r i a t e  o r i e n t a t i o n  f o r  l , n  a d d i t i o n  po lymer i za t ion .  
Where a p p r o p r i a t e ,  comparison i s  made t o  e x i s t i n g  expe r i -  
menta l  work. 

DR AND DC INTERTEDIATES FRO14 EXTENDED MONOMERS 

The s i m p l e s t  c a s e s  of monomers more ex tended  than  d i ace ty -  
l e n e s  a r e  t h o s e  from tri- and t e t r a - a c e t y l e n e s ,  and expe r i -  
mental  s t u d  of examples o f  bo th  of  t h e s e  c a s e s  h a s  been 
r e p ~ r t e d . ~ , ‘  For 1 , 6  a d d i t i o n ,  t h e  DR and DC i n t e r m e d i a t e s  
a r e  g iven  i n  Scheme 1. I n t e r e s t i n g l y ,  1 , 4  a d d i t i o n  poly- 
m e r i z a t i o n  i s  t h e  observed  r e a c t i v i t y  p a t t e r n  i n  t h e  c a s e  
where s t r u c t u r a l  i n fo rma t ion ,  i . e .  l a t t i c e  c o n s t a n t s ,  i s  
a ~ a i l a b l e . ~  
I ene  remains an  unobserved r e a c t i v i t y  p a t t e r n .  The s t r u c -  4 t u r e  of t h e  p roduc t  of t h e  t e t r a a c e t y l e n e  i s  u n c e r t a i n .  

The 1 , 6  a d d i t i o n  a m e r i z a t i o n  of a t r i a c e t y -  

Scheme 2 shows t h e  DR and DC i n t e r m e d i a t e s  f o r  monomers 
i n  which two a c e t y l e n i c  groups a r e  s u b s t i t u e n t s  a t  t h e  end 
of  a t r a n s  polyene  cha in .  Two d i s t i n c t  s i t u a t i o n s  a r i s e .  
‘Snile DR i n t e r m e d i a t e s  are s t r a i g h t f o r w a r d l y  w r i t t e n ,  they  
a r e  h i - a l l e n i c  i n  c h a r a c t e r ,  and t h e i r  po lymer i za t ion  would 
l e a d  t o  a r e p e a t i n g  a l l e n e  s t r u c t u r e .  I f  formed, t h i s  
polymer would be a t a c t i c  and would form by a nontopochemical 
p r o c e s s ,  s i n c e  t h e  p l a n a r  backbone of  t h e  conjugated  mono- 
m e r  would l e a d  t o  nonplanar  i n t e r m e d i a t e s  and product .  
Th i s  conc lus ion  may a l s o  be a p p l i e d  t o  o t h e r  s t r u c t u r e s  i n  
t h e  Schemes where b i - a l l e n e  s t r u c t u r e s  are r e l e v a n t .  

The DC i n t e r m e d i a t e s  w r i t t e n  f o r  d i r e c t  e x c i t a t i o n  have 
f i v e  c o o r d i n a t e  carbons .  I f ,  as shown i n  Scheme 2 ,  t h e s e  
may i somer i ze  v i a  t h e  1,3 H s h i f t ,  DC i n t e r m e d i a t e s  w i th  
normal carbon va lences  a r e  a r r i v e d  a t .  It  may be p o s s i b l e  
t o  s y n t h e s i z e  t h e  l a t t e r  DC i n t e r m e d i a t e s  v i a  s u i t a b l e  
carbene p r e c u r s o r s .  Th i s  s i t u a t i o n  a l s o  h o l d s  f o r  t h e  
monomer i n  Scheme 2 where a bu tad iene  moie ty  i s  r ep laced  
by a b u t a t r i e n e ,  w i th  t h e  e x c e p t i o n  t h a t  t h e  DC i n t e r m e d i a t e  
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EXTENDING THE DIACETYLENE POLYMERIZATION CONCEPT 69 

SCHEME 1 
DIACETYLENE POLYMERIZATIoN 

Diradical (DR) Dicarbene (DC) 

Reference 1 and 2 

TRIACETYLENE POLYMERIZATION 

For 1,6 Addition, 

R‘ .. c-c=c-c=c-c 
‘R 

1,4 Addition is Experimentally Observed. Reference 3 

R. $ = C = C = C = C = C  .. 
‘R 

DR DC 

.. 
$.-C=C-C, R\ 

C Z C - R  

TETRAACETYLENES (See Reference 4) 
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70 D. J.  SANDMAN 

SCHEME 2 
POLYMERIZATION OF R - C 

* n = 1  

C+ CH = CH %C C - R 

.. R H H ?  R 
I 1  

\C-CaC-C.C-; ‘ .I: - c 3 c -CH =CH 4, 
\ H Shift R 

.. 
DC 

R 
DR (A BI-Allene) 

k I 

3 
\ , c = c = c  

R 

b H 
c = c = c  

\ R 

? 
c = c = c ’  

H 

‘ = “ = i  R 

This Polymer Would Be Atactic, Formed by a Nontopochemical Process. 

n = 2: Butadiene 

DR, A Bi-Allene 
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EXTENDING THE DIACETYLENE POLYMERIZATION CONCEPT 71 
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12 D. J .  SANDMAN 

now r e q u i r e s  a 1 , 2  H s h i f t .  

P r o c e e d i n g  t o  c o n s i d e r  t h e  case i n  which  the  a c e t y -  
l e n i c  g r o u p s  are para s u b s t i t u t e s  on a aromatic r i n g  
(Scheme 3 ) ,  b o t h  DR and  DC s p e c i e s  a re  q u i n o d i m e t h a n y l i c  i n  
c h a r a c t e r  i n v o l v i n g  l o s s  o f  a r o m a t i c  i t y  . Exper iment  a1 1 y , 
t h e  u l t r a v i o l e t  p h o t o 9 o l y m e r i z a t i o n  of  1 , h - d i e t h y l n y l n a p h -  
t h a l e n e  h a s  b e e n  s t u d i e d .  The polymer  c h a r a c t e r i z e d  i s  
formed by p o l y m e r i z a t i o n  o f  o n l y  one o f  t h e  a c e t y l e n i c  
grou  s w i t h  t he  r e m a i n i n g  a c e t y l e n e  a c t i n g  as  a s u b s t i t u -  
e n t  .'b The p o l y m e r i z a t i o n  i s  l i g h t - i n i t i a t e d  and c o n t r o l l e d  
by d i f f u s i o n  p r o c e s s e s  w i t h i n  l o c a l l y  m e l t e d  r e g i o n s  o f  t h e  
c r y s t a l  l e a d i n g  t o  a d i s o r d e r e d  product .5c 

Scheme 4 c o n t a i n s  several a d d i t i o n a l  e x t e n d e d  DR and 
DC s p e c i e s .  I f  t h e  DR s p e c i e s  d e r i v e d  f rom p-d ie thynyl -  
benzene is  e x t e n d e d  by r e p l a c i n g  a l l e n i c  w i t h  b u t a t r i e n i c  
g r o u p s ,  a p l a n a r  DR s p e c i e s  may b e  w r i t t e n ,  b u t  i t  i s  n o t  
a p p a r e n t  which  n e u t r a l  m o l e c u l e  would l e a d  t o  t h a t  DR. 
Two i s o m e r i c  DC s p e c i e s  w i t h  a r o m a t i c  r i n g s  r e l a t e d  t o  
t h i s  DR may b e  w r i t t e n .  Again ,  i t  may b e  p o s s i b l e  t o  syn- 
t h e s i z e  s u i t a b l e  c a r b e n e  p r e c u r s o r s  t o  t h e s e  DC i n t e r m e d i -  
a tes .  The monomer s t r u c t u r e ,  i n  which  a p - s t y r y l  group i s  
p l a c e d  be tween two a c e t y l e n e  g r o u p s ,  l e a d s  t o  a n  a l l e n i c  
DR i n  which t h e  b e n z e n o i d  r i n g  l o s e s  a r o m a t i c i t y .  

DISCUSSION 

The above a n a l y s i s  emphas izes  DR and DC s p e c i e s  
formed d i r e c t l y  f rom a g i v e n  monomeric s t r u c t u r e .  I n  ex- 
p e r i m e n t a l  s t u d i e s  of d i a c e t y l e n e  i n i t i a t i o n  and propaga-  
t i o n ,  the  s p e c i e s  from t h e  d imer  has been  
b u t  u s u a l l y  n o t  t h o s e  from a monomer. The above  a n a l y s i s  
i s  j u s t i f i e d  since a monomer i s  a m o l e c u l a r  c r y s t a l  and 
i n i t i a l l y  a monomer m o l e c u l e  must b e  e x c i t e d .  Moreover ,  
i f  d imer  DR and DC s t r u c t u r e s  f o r  t h e  e x t e n d e d  monomers 
d i s c u s s e d  above a re  w r i t t e n ,  t h e  c o n c l u s i o n s  a re  t h e  same 
f o r  t h o s e  o f  t h e  monomer. 

The q u a l i t a t i v e  c o n c l u s i o n  t h a t  a DI: form i s  l o v e r  i n  
e n e r g y  t h a n  a DC form i n  d i a c e t y l e n e s  need n o t  b e  t h e  c a s e  
i n  more e x t e n d e d  s t r u c t u r e s .  
ESR s p e c t r a  o f  o l i g o m e r i z e d  photo-products  o f  t h e  d i a c e t y -  
l e n e  PTS t h a t  t h e  s t r u c t u r e  o f  t h e  p r o p a g a t i n g  c h a i n  changes  
from DR-like t o  DC-like a t  a c r i t i c a l  c h a i n  l e n g t h  of  n=6. 

I t  h a s  been  c o n c l u d e d 2  from 
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EXTENDING THE DIACETYLENE POLYMERIZATION CONCEPT 15 

I n  Scheme 4 ,  t h e  DC s t r u c t u r e s  may b e  lower  i n  e n e r g y  
t h a n  t h e  c o r r e s p o n d i n g  DR because  t h e  a r o m a t i c  s t r u c t u r e  
of  t h e  r i n g  is r e t a i n e d  i n  t h e  former.  

I n  summary, t h e  a n a l y s i s  o f  DR and  DC s p e c i e s  d e r i v e d  
from c o n j u g a t e d  monomers more e x t e n d e d  t h a n  s i m p l e  d i a c e -  
t y l e n e s  l e a d s  t o  t h e  e x p e c t a t i o n  t h a t  DR s p e c i e s  formed by 
d i r e c t  e x c i t a t i o n  which have b i - a l l e n i c  c h a r a c t e r  w i l l  
l e a d  t o  a t a c t i c  polymers  formed by a nontopochemica l  pro-  
cess. I f  i n t r a m o l e c u l a r  hydrogen s h i f t s  o c c u r ,  DC s p e c i e s  
which are c o n s t i t u t i o n a l l y  i s o m e r i c  t o  t h e  DR s p e c i e s  
c o u l d  c o n c e i v a b l y  p o l y m e r i z e  i n  a topochemica l  p r o c e s s  t o  
g i v e  new examples  of  f u l l y  o r d e r e d  c o n j u g a t e d  polymers .  
I n t r a m o l e c u l a r  hydrogen s h i f t s  a re  known i n  s o l i d  s t a t e  
p h o t ~ c h e m i s t r y . ~  
l e a r n  i f  t h e  s i t u a t i o n  i s  c o n t r o l  l e d  by thermodynamic o r  
k i n e t i c  c o n s i d e r a t i o n s .  I t  i s  also o f  i n t e r e s t  t o  a t t e m p t  
t o  d i r e c t  g e n e r a t i o n  o f  s u c h  DC s p e c i e s  th rough s y n t h e s i s  
o f  s u i t a h l e  c a r b e n e  p r e c u r s o r s .  While  t h e  a n a l y s i s  pre-  
s e n t e d  h e r e i n  d i s c u s s e s  o n l y  DR and DC s p e c i e s ,  exper iment -  
a l l y  i t  i s  c e r t a i n l y  p o s s i h l e  t h a t  i n i t i a t i o n  c o u l d  b e  
caused  by i o n i z a t i o n  l e a d i n g  t o  i o n - r a d i c a l s .  

E x p e r i m e n t z l l y ,  i t  i s  of  i n t e r e s t  t o  
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