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Polymerization of Substituted Butadienes at the 
Gas- Water Interface 

H .  R i n g s d o r f ,  H .  Schupp, I n s t i t u t e  o f  O r g a n i c  C h e m i s t r y ,  
U n i v e r s i t y  o f  V a i n z ,  6 5 0 0  Fcainz, West-Germany 

A B S T R A C T  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  p o l y m e r i  z a t i o n  b e h a v i o u r  o f  
l o n g - c h a i n  a m p h i p h i l i c  compounds i n  dependence o f  t h e i r  
o r i e n t a t i o n ,  1 , 4 - d i s u b s t i  t u t e d  b u t a d i e n e s  o f  t h e  t y p e :  

C H 3 - (  CH2)12-CH=CH-CH=CH-X X = - C O O H ,  - C H O ,  -CH20H 

have been s y n t h e s i z e d  and i n v e s t i g a t e d  i n  a m o n o l a y e r  a t  
t h e  g a s - w a t e r  i n t e r f a c e .  The o r i e n t a t i o n  o f  t h e  compounds 
has  been s t u d i e d  b y  means o f  a L a n g m u i r  f i l m  b a l a n c e .  
The a l c o h o l  e x h i b i t s  an o r i e n t a t i o n  s i m i l a r  t o  t h a t  o f  
s a t u r a t e d  compounds. The o r i e n t a t i o n  o f  t h e  a l d e h y d e  
and t h e  a c i d  d i f f e r  f r o m  t h e  e x p e c t e d  b e h a v i o u r  because  
o f  t h e  enhanced h y d r o p h i l i c i t y  o f  t h e  headgroup  due t o  
t h e  c o n j u g a t i o n  o f  t h e  c a r b o n y l  g r o u p  t o  t h e  d i e n e  u n i t .  
A t t e m p t s  t o  p o l y m e r i z e  t h e  s u b s t a n c e s  r a d i c a l l y  h a v e  
been made i n  m e l t ,  i n  s o l u t i o n ,  i n  t h e  c r y s t a l l i n e  s t a t e  
and i n  m o n o l a y e r s .  A p o l y m e r  was o n l y  o b t a i n e d  i n  t h e  
case o f  m o n o l a y e r  p o l y m e r i z a t i o n .  T h i s  f a c t  can  be  
e x p l a i n e d  w i t h  t h e  n e c e s s i t y  o f  a d e f i n e d  o r i e n t a t i o n  
o f  t h e  monomers b e f o r e  t h e  p o l y m e r i z a t i o n .  The p o l y -  
r e a c t i o n  was f o l l o w e d  b y  t h e  c o n t r a c t i o n  o f  t h e  f i l m .  
The k i n e t i c s  o f  t h e  p o l y m e r i z a t i o n  show a d i f f e r e n t  
r e a c t i v i t y  f o r  t h e  a l c o h o l  and  t h e  c a r b o n y l  compounds. 
The r e s u l t i n g  p o l y m e r  i s  assumed t o  have  a p o l y - 1 , 4 -  
t r a n s  backbone.  

I N  TRO DUCT I ON 

Up t o  now t h e r e  have  been numerous s t u d i e s  t o  i n f l u e n c e  
a p o l y r e a c t i o n  b y  o r i e n t i n g  a m p h i p h i l i c  m o l e c u l e s  i n  a 
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1016 RINGSDORF AND SCHllPP 

m o n o l a y e r  ( 1 - 4 ) ,  w h i c h  o f f e r s  t h e  u n i q u e  p o s s i b i l i t y  t o  
o r i e n t  and  v a r y  t h e  p a c k i n g  o f  m o l e c u l e s  w i t h o u t  a 

s u p p r e s s i o n  o f  t h e  m o b i l i t y  ( 5 ) .  Whereas t h e  f o r m e r  
a t t e m p t s  were  c o n c e r n i n g  w i t h  sys tems ,  t h e  p o l y m e r i z a b l e  

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

( e . q .  O c t a d e c y l m e t h a c r y l a t e  ( 2 , 3 ) ,  V i n y l s t e a r a t e  ( 1 )  
e t c . ) ,  s u b s t a n c e s  w i t h  a p o l y m e r i z a b l e  g r o u p  w i t h i n  t h e  
a l i p h a t i c  c h a i n  were  i n v e s t i g a t e d  more r e c e n t l y .  The 
most  i n t e n s i v e  s t u d i e s  have  been made w i t h  t h e  D i a c e t y -  
l e n e  c a r b o n i c  a c i d s  
o f  D i a c e t y l e n e s  has  
o r i e n t a t i o n  o f  t h e  
been subs  t i  t u t e d  b y  
l a y e r  o r  m u l t i l a y e r  

T h e r e f o r e  t h e  q u e s t  

( 4 ) .  The s o l i d - s t a t e  p o l y m e r i z a t i o n  
l o n g  been s t u d i e d  ( 5 ) .  and t h e  
o l e c u l e s  w i t h i n  t h e  c r y s t a l  has  t h e n  
a s i m i l a r  o r i e n t a t i o n  i n  t h e  mono- 

r e s p e c t i v e l y  . 

on a r o s e  t o  p r o v e  t h e  mode l  c o n s i -  
d e r a t i o n s  f o r  p o l y m e r i z a t i o n  b e h a v i o u r  b y  a s y s t e m  
w h i c h  i s  u n a b l e  t o  p o l y m e r i z e  n e i t h e r  i n  t h e  c r y s t a l l i n e  
s t a t e  n o r  i n  s o l u t i o n .  As model compounds, 1 , 4 - d i s u b s t i -  
t u t e d  b u t a d i e n e s  o f  t h e  t y p e :  

C H 3 - (  C H 2 ) l 2 - C H = C H - C H = C H - X  X = -COOH 
- CHO 

l a - c  - C H 2 0 H  

have been s y n t h e s i z e d  and i n v e s t i g a t e d  i n  a m o n o l a y e r .  

E XP E R I  MENTAL 

O c t a d e c a d i e n a l  ( l b ) ,  was p r e p a r e d  a c c o r d i n g  t o  t h e  
method o f  E.L. P i p p e n  and M. Nonaka ( 9 ) :  
l -Methoxybut - l -en -3 -yne ,  41.9 g ( 0 . 5 1  m o l e ) ,  d i s s o l v e d  
i n  280 m l  o f  t e t r a h y d r o f u r a n  was added d r o p w i s e  w i t h  
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POLYMERIZATION OF SUBSTITUTED BUTADIENES 1017 

s t i r r i n g  t o  a G r i g n a r d  r e a g e n t  p r e p a r e d  f r o m  11 .7  g 
( 0 . 4 8  m o l e )  o f  magnesium and  52.48 g ( 0 . 4 8  m o l e )  o f  
e t h y l  b r o m i d e  i n  300 m l  o f  t e t r a h y d r o f u r a n  w h i l e  t h e  
m i x t u r e  was m a i n t a i n e d  a t  a b o u t  40°C.  P f t e r  an a d d i t i o n -  
a l  h o u r  o f  s t i r r i n q  a t  room t e m p e r a t u r e ,  t h e  r e a c t i o n  
f l a s k  was c o o l e d  and t h e r e  was added o v e r  a p e r i o d  o f  

30 m i n  a s o l u t i o n  o f  84.95 g (0 .4  m o l e )  o f  t e t r a d e c a n a l  
d i s s o l v e d  i n  150 m l  o f  t e t r a h y d r o f u r a n .  A f t e r  2 h o u r s  
o f  s t i r r i n g  a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  was h e a t e d  
t o  r e f l u x .  30 m i n  l a t e r ,  t h e  f l a s k  was c o o l e d  a n d  t h e  
m i x t u r e  was t r e a t e d  w i t h  1 8 . 4  m l  o f  e t h a n o l .  Twen ty  
m i n u t e s  l a t e r  s o l i d  s o d i u m  a l u m i n i u m  h y d r i d e ,  20  g 

( 0 . 5  m o l e ) ,  was added i n  s m a l l  p o r t i o n s  o v e r  a p e r i o d  
o f  30 m in .  The m i x t u r e  was s t i r r e d  f o r  2 h o u r s  and 
p e r m i t t e d  t o  s t a n d  o v e r n i g h t .  I t  was t h e n  t r e a t e d  
s u c c e s s i v e l y  w i t h  e t h y l  a c e t a t e  ( 2 0  m l ) ,  w a t e r  ( 9 0  m l ) ,  
and 4 N s u l f u r i c  a c i d  ( 4 5 0  m l ) .  The o r g a n i c  l a y e r  was 
s e p a r a t e d  and t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  
e t h e r .  The comb ined  o r g a n i c  l a y e r s  w e r e  washed w i t h  10% 
s o d i u m  c a r b o n a t e  s o l u t i o n ,  3 t i m e s  w i t h  w a t e r  a n d  d r i e d  
o v e r  s o d i u m  s u l f a t e .  The s o l v e n t  was d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e  and t h e  r e s u l t i n g  s o l i d  was r e c r y s t a l l -  
i z e d  s e v e r a l  t i m e s  f r o m  hexane .  Y i e l d :  48.5 g ( 4 6 % )  o f  
a w h i t e  s o l i d  w i t h  m e l t i n g  p o i n t  o f  33 O C .  

E l e m e n t a l  a n a l y s i s :  c a l c :  C :  81 .75% H: 12 .20% 
f o u n d :  C :  81 .54% H :  12 .34% 

O c t a d e c a d i e n o i c  a c i d  ( l a ) :  A s o l u t i o n  o f  8 .16  g (0.05 
m o l e )  o f  s i l v e r  n i t r a t e  i n  100 m l  o f  w a t e r  was t r e a t e d  
w i t h  a s o l u t i o n  o f  2.2 CJ ( 0 . 0 8  m o l e )  s o d i u m  h y d r o x i d e  
i n  20  m l  o f  w a t e r .  The p r e c i p i t a t e d  s i l v e r  o x i d e  was 
washed w i t h  w a t e r  and suspended  i n  a s o l u t i o n  o f  10 .4  g 
(0 .26  m o l e )  o f  s o d i u m  h y d r o x i d e  i n  150 m l  o f  w a t e r .  T o  
t h i s  s u s p e n s i o n  13.2 g (0 .05  m o l e )  o f  O c t a d e c a d i e n a l  i n  
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1018 RINGSDORF AND SCHUPP 

40 m l  e t h a n o l  was added o v e r  a p e r i o d  o f  20 m i n  a t  a 

t e m p e r a t u r e  o f  50-60 OC. The m i x t u r e  was s t i r r e d  f o r  
3 h o u r s  and p e r m i t t e d  t o  s t a n d  o v e r n i g h t .  Then t h e  
m i x t u r e  was a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  and e x t r a c -  
t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  F rom t h e  e t h e r  e x t r a c t  

t h e  s a l t  o f  t h e  a c i d  was removed b y  e x t r a c t i o n  w i t h  
c o n c e n t r a t e d  s o d i u m  c a r b o n a t e  s o l u t i o n :  t h e  w a t e r  e x t r a c t  
was r e a c i d i f i e d  a n d  e x t r a c t e d  w i t h  e t h e r .  The e t h e r  
l a y e r  was d i r e d  o v e r  s o d i u m  s u l f a t e  and  t h e  s o l v e n t  was 
a l l o w e d  t o  e v a p o r a t e .  The r e s u l t i n g  c r y s t a l s  w e r e  
r e c r y s t a l l i z e d  f r o m  hexane .  Y i e l d :  4 g ( 2 9 % ) ,  M P :  7 1  "C. 

E l e m e n t a l  a n a l y s i s :  c a l c :  C :  77 .09% H: 11.50% 
f o u n d :  C :  77.2483 H: 11.54% 

-- O c t a d e c a d i e n o l  ( l c ) :  A s o l u t i o n  o f  10 g ( 0 . 0 4  m o l e )  o f  
O c t a d e c a d i e n a l  i n  50  m l  o f  e t h e r  was added  d r o p w i s e  t o  
a s u s p e n s i o n  o f  0.86 g ( 0 . 0 2  m o l e )  o f  l i t h i u m  a l u m i n i u m  
h y d r i d e  i n  5 0  m l  o f  e t h e r .  A f t e r  3 h o u r s  o f  s t i r r i n g ,  
t h e  m i x t u r e  was c o o l e d  and t h e  r e m a i n e d  h y d r i d e  was 
d e s t r o y e d  b y  a d d i t i o n  o f  e t h y l  a c e t a t e .  The m i x t u r e  was 
washed w i t h  w a t e r ,  t h e  e t h e r  l a y e r  was s e p a r a t e d  and 
d r i e d  o v e r  s o d i u m  s u l f a t e .  A f t e r  e v a p o r a t i o n  o f  t h e  
s o l v e n t ,  a w h i t e  s o l i d  was o b t a i n e d .  R e c r y s t a l l i z a t i o n  
f rom hexane  y i e l d e d  t h e  p u r e  p r o d u c t  i n  6 7 %  y l e l d  ( 7 . 2  a )  
MP: 58 OC. 

E l e m e n t a l  a n a l y s i s :  c a l c :  C :  81 .13% H: 12.86% 
f o u n d :  C :  81.14% t i :  13.04% 

Y o n o l a y e r s  w e r e  s p r e a d  f r o m  c h l o r o f o r m  s o l u t i o n s  a1 1 
l a v i n g  a c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  1 mq/m l .  The 
F i l m s  w e r e  s p r e a d  on a Lauda f i l m  b a l a n c e ,  s u r f a c e  
i r e s s u r e  and a r e a  w e r e  a u t o m a t i c a l l y  r e c o r d e d .  P o l y m e r i  - 
! a t i o n  was c a r r i e d  o u t  v i a  U V - i r r a d i a t i o n  ( 2 5 4  nm) w i t h  
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POLYMERIZATION OF SUBSTITUTED BUTADIENES 1019 

an e n e r g y  o f  5 mW/cm2 a t  t h e  w a t e r  s u r f a c e .  The e n c l o s e d  
f i l m  b a l a n c e  was p u r g e d  w i t h  n i t r o g e n  1 h o u r  t o  and 
d u r i n g  p o l y m e r i z a t i o n .  The w a t e r  s u b s t r a t e  was i o n  
exchanqed  and t h e n  d o u b l e  d i s t i l l e d  i n  an a l l - g l a s s -  

a p p a r a t u s .  

The p o l y m e r i z a t i o n  a t t e m p t s  i n  s o l u t i o n  were  c a r r i e d  
o u t  u n d e r  n i t r o g e n  i n  s e a l e d  ampou les  w i t h  1 m o l e  % a z o -  
b i s i s o b u t y r o n i t r i l e  i n  benzene  f o r  2 4  h o u r s  a t  6 0  C .  0 

I r r a d i a t i o n  e x p e r i m e n t s  w e r e  made w i t h  an 200 W UV-lamp 
i n  a q u a r t z  ampou le  f o r  8 h o u r s .  No chanae c o u l d  be 
d e t e c t e d  b y  TLC and  I R - s p e c t r o s c o p y .  

RESULTS A N D  D I S C U S S I O N  

The o r i e n t a t i o n  o f  t h e  m o l e c u l e s  a t  t h e  q a s - w a t e r  i n t e r -  
f a c e  was s t u d i e d  b y  r e c o r d i n g  t h e  p r e s s u r e - a r e a  d i a g r a m s :  

a2 0.3 OL 0.5 01 0.2 0.3 0.4 0.5 0.6 

A in nrn*.rnolecute-1 - 
0 FIGURE l a - c :  S u r f a c e  p r e s s u r e - a r e a  d i a g r a m s  a t  20  C o f  

O c t a c e c a d i e n o l  ( a ) ,  O c t a d e c a d i e n a l  ( b )  and  O c t a d e c a -  
d i e n o i c  a c i d  ( c )  
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1020 RINGSDORF AND SCHUPP 

The a l c o h o l  shows t h e  same p r e s s u r e - a r e a  d i a g r a m  w h i c h  
was known f r o m  s a t u r a t e d  compounds: The s t r o n g  c h a i n -  
c h a i n  f n t e r a c t i o n  l e a d s  t o  a condensed f i l m  w i t h  an " 

o c c u p i e d  a r e a  o f  a b o u t  0.20 nm'/molecule,  w h i c h  i s  n e a r  
t o  t h e  c l o s e s t  p a c k i n g  o f  a l i p h a t i c  c h a i n s ,  t h u s  i n d i -  
c a t i n q  a h i g h  d e g r e e  o f  o r i e n t a t i o n  and  a dense p a c k i n g .  

The a l d e h y d e  f o r m s  an expanded  f i l m .  The o c c u p i e d  a r e a  
a t  t h e  c o l l a p s e  p o i n t  ( 0 . 3 5  nm / m o l e c u l e )  l e a d s  t o  t h e  
a s s u m p t i o n  t h a t  t h e  w h o l e  d i e n e  q r o u p  a c t s  as a p a r t  o f  
t h e  headgroup  and l i e s  f l a t  on t h e  w a t e r  s u r f a c e .  T h i s  
o r i e n t a t i o n  i s  caused  b y  t h e  c o n j u g a t i o n  o f  t h e  d i e n e  
u n i t  t o  t h e  c a r b o n y l  g r o u p ,  w h i c h  p o l a r i z e s  t h e  w h o l e  
headgrouo .  A t  f u r t h e r  c o m p r e s s i o n  o f  t h e  f i l m  c o l l a p s e  
o c c u r s  w i t h o u t  f o r m i n g  a condensed phase .  

I n  t h e  case o f  t h e  a c i d  t h r e e  phases  c a n  be  seen depen-  
d i n g  on t h e  t e m p e r a t u r e .  The o c c u p i e d  a r e a  a t  t h e  f i r s t  
t r a n s i t i o n  p o i n t  shows a g a i n ,  t h a t  t h e  w h o l e  d i e n e  g r o u o  
l i e s  f l a t  on t h e  w a t e r  s u r f a c e .  When c o m p r e s s i n g  t h e  
f i l m  t h e  m o l e c u l e s  a r e  f o r c e d  i n t o  an u p r i g h t  p o s i t i o n  
and e x h i b i t  t h e  n o r m a l  expanded phase,  as i t  i s  known 
f r o m  t h e  s a t u r a t e d  compound. F u r t h e r  c o m p r e s s i o n  l e a d s  
t o  a condensed f i l m .  

2 

Each o f  t h e s e  t h r e e  compounds was i n v e s t i q a t e d  w i t h  
r e g a r d  t o  t h e i r  a b i l i t y  t o  undergo  r a d i c a l  p o l y m e r i -  
z a t i o n .  The r e s u l t  i s  shown i n  t a b l e  1. 

A p o l y m e r  can o n l y  be  o b t a i n e d  i n  m o n o l a y e r  p o l y m e r i -  
z a t i o n .  We assume t h e  f o l l o w i n g  r e a s o n s :  

A p o l y r e a c t i o n  r e q u i r e s  an o r i e n t a t i o n  o f  t h e  monomers 
h e f o r e  p o l y m e r i z a t i o n .  T h e r e f o r e  a r e a c t i o n  i n  s o l u t i o n  
o r  m e l t  i s  i m p o s s i b l e .  A p o l y r e a c t i o n  i n  t h e  c r y s t a l l i n e  
s t a t e ,  however ,  does n o t  t a k e  p l a c e ,  because  t h e  d i e n e  
u n i t s  a r e  n o t  i n  t h e  r e q u i r e d  c l o s e  d i s t a n c e  f r o m  each 
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POLYMERIZATION OF SUBSTITUTED BUTADIENES 1021 

TABLE 1 
P o l y m e r i z a t i o n  A t t e m p t s  o f  D i s u b s t i t u t e d  B u t a d i e n e s  

S T A T E  I N  I T I  A T 1  ON POLY M. 

s o l u t i o n  A I B N  
s o l u t i o n  u v  
m e l t  II v 
c r y s t a l  uv  
m o n o l a y e r  u v  

o t h e r  and t h e  m o b i l i t y  o f  t h e  m o l e c u l e s  i s  t o o  much 

s u p p r e s s e d .  

The p o l y m e r i z a t i o n  can be f o l l o w e d  b y  m e a s u r i n g  t h e  
c o n t r a c t i o n  o f  t h e  f i l m  v e r s u s  t h e  p o l y m e r i z a t i o n  t i m e .  
I n  t h e  n e x t  f i p u r e s  t h e  p r e s s u r e - a r e a  d iag rams  o f  t h e  
monomer ic  and p o l y m e r i c  compounds and  t h e  a r e a  change 
v e r s u s  t i m e  a r e  shown. 

A l t h o u g h  i n  t h e  case  o f  t h e  a l c o h o l  t h e  change o f  t h e  
a r e a  p e r  m o l e c u l e  i s  n o t  v e r y  b i g ,  i t  can e a s i l y  be 
measured. The r e a c t i o n  i s  f i n i s h e d  a f t e r  a b o u t  20 min. 
The r e s u l t i n g  a r e a  i s  0 .23 n m  /monomer u n i t ,  w h i c h  
c o r r e s p o n d s  t o  a c l o s e  p a c k i n g  o f  t h e  m o l e c u l e s .  The 
r e a c t i o n  t a k e s  p l a c e  w i t h o u t  a change i n  t h e  o r i e n t a t i o n  
o f  t h e  m o l e c u l e s  d u r i n g  t h e  p o l y r e a c t i o n .  

The a l d e h y d e  has been p o l y m e r i z e d  a t  1 5  O C  a t  a c o n s t a n t  
p r e s s u r e  o f  7 m N / m  and 15 mN/m. I n  each  case t h e  same 
p o l y m e r  was o b t a i n e d .  Two r e s u l t s  o f  t h i s  r e a c t i o n  a r e  
r e m a r k a b l e :  

2 
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POLYMERIZATION OF SUBSTITUTED BUTADIENES 1023 

1. The u n e x p e c t e d  h i g h  p o l y m e r i z a t i o n  r a t e :  t h e  c o n t r a c -  
t i o n  s t a r t s  w i t h i n  a few seconds a f t e r  s w i t c h i n g  on t h e  
UV-lamp and i s  f i n i s h e d  a f t e r  a b o u t  5 m in .  

2 .  The c o n t r a c t i o n  c u r v e  o f  t h e  f i l m s  shows, t h a t  t h e  
r e s u l t i n g  p o l y m e r  has a v e r y  dense p a c k i n g  i n  s p i t e  o f  
t h e  c o m p a r a b l y  g r e a t  o c c u p i e d  a r e a  o f  t h e  monomer. 

T h i s  can  b e  e x p l a i n e d  b y  f o l l o w i n g  a s s u m p t i o n s :  
The monomer ic  m o l e c u l e s  i n  t h e  m o n o l a y e r  and  e s p e c i a l l y  
t h e  headgroup  w h i c h  l i e s  f l a t  on t h e  w a t e r ,  a r e  o r i e n t e d .  
T h i s  a1 l ows  t h e  v e r y  f a s t  r e a c t i o n .  The p o l y m e r i z a t i o n  
r a t e  i s  h i g h e r  t h a n  i n  t h e  c a s e  o f  t h e  a l c o h o l .  T h i s  i s  
caused,  as m e n t i o n e d  b e f o r e ,  b y  t h e  c o n j u q a t i o n  o f  t h e  
c a r b o n y l  o r o u p  t o  t h e  d i e n e  u n i t s ,  w h i c h  a c t i v a t e s  t h e  
d i e n e  m o i e t y .  D u r i n g  t h e  r e a c t i o n  t h i s  c o n j u g a t i o n  i s  
l o s t ;  o n l y  t h e  a l d e h y d e  g r o u p  can a c t  as a headgroup ,  
t h e  o c c u p i e d  a r e a  o f  w h i c h  i s  c o n s i d e r a b l y  l o w e r ;  t h e  
m o l e c u l e s  a r e  t h e r e f o r e  f o r c e d  t o  s t a n d  up d u r i n g  t h e  
p o l y r e a c t i o n ,  and t h e  r e s u l t i n  p o l y m e r  i s  c l o s e l y  packed .  

The i n v e s t i g a t i o n  o f  t h e  a c i d  was more c o m p l i c a t e d  t h a n  
i n  t h e  case o f  t h e  a l c o h o l  and t h e  a l d e h y d e ,  because  
t h e  a c i d  e x h i b i t s  a condensed and  two expanded  p h a s e s .  
T h e r e f o r e  t h e  p o l y m e r i z a t i o n  has been c a r r i e d  o u t  a t  
d i f f e r e n t  t e m p e r a t u r e s  a n d  i n  a l l  t h r e e  phases .  
P o l y m e r i z a t i o n  i n  t h e  condensed phase l e a d s  t o  a p o l y m e r  
w i t h  an o c c u p i e d  a r e a  o f  a b o u t  0 . 2 3  nm /monomer u n i t .  
The same p o l y m e r  i s  o b t a i n e d  by  p o l y m e r i z a t i o n  i n  t h e  

2 

n o r m a l  expanded phase ,  f o r  w h i c h  we p r o p o s e d  an e r e c  
p o s i t i o n  o f  t h e  monomer m o l e c u l e s .  P o l y m e r i z a t i o n  i n  
second  expanded phase  l e a d s  t o  a p o l y m e r  w i t h  a l e s s  
dense p a c k i n g  o f  t h e  m o l e c u l e s ,  w h i c h  c o n f i r m s  o u r  
a s s u m p t i o n  o f  an o r i e n t a t i o n  w i t h  t h e  d i e n e  g r o u p  l y  
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POLYMERIZATION OF SUBSTITUTED BUTADIENES 1025 

f l a t  on t h e  w a t e r  s u r f a c e .  I n  each case  t h e  p o l y r e a c t i o n  
s t a r t s  w i t h i n  seconds a f t e r  s w i t c h i n g  on t h e  UV-lamp 
and i s  f i n i s h e d  a f t e r  a b o u t  5 m i n .  

The s t r u c t u r e  o f  t h e  r e s u l t i n g  p o l y m e r  i s  n o t  y e t  f u l l y  
e s t a b l i s h e d .  IR-measurements  t o g e t h e r  w i t h  t h e o r e t i c a l  
c o n s i d e r a t i o n s  l e a d s  t o  t h e  a s s u m p t i o n ,  t h a t  t h e  p o l y m e r  

has  a 1 , 4 - t r a n s  backbone:  

X X X X 

The p o s s i b l e  use  o f  t h e  m o n o l a y e r  p o l y m e r s  as s y n t h e t i -  
c a l  membranes i s  a l r e a d y  d i s c u s s e d  e l s e w h e r e  ( 4 ) .  I n  
c o n t r a s t  t o  t h e  D i a c e t y l e n e s  w h i c h  f o r m  a r i q i d  f i l m  
due t o  t h e  c o n j u g a t e d  backbone,  t h e  p o l y d i e n e s  a r e  much 
more f l e x i b l e  a n d  a b e t t e r  a p p r o a c h  t o  b i o l o g i c a l  
membrane p r o p e r t i e s  s h o u l d  b e  p o s s i b l e .  
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