
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 21 February 2013, At: 10:21
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl16

Introduction to The Symposium on Order in
Polymeric Materials
Daniel J. Sandman a & Peter Cukor a
a GTE Laboratories, Incorporated 40 Sylvan Road Waltham,
Massachusetts, 02254, U.S.A.
Version of record first published: 17 Oct 2011.

To cite this article: Daniel J. Sandman & Peter Cukor (1984): Introduction to The Symposium on Order in
Polymeric Materials, Molecular Crystals and Liquid Crystals, 105:1, 1-10

To link to this article:  http://dx.doi.org/10.1080/00268948408071639

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948408071639
http://www.tandfonline.com/page/terms-and-conditions


Mol. CvSf. Liq. CvSf. 1984, Vol. 105, pp. 1-10 
oO26-8941/84/1054-ooO1 /$I 8.50/0 
0 1984 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

INTRODUCTION TO THE SYMPOSIUM ON ORDER I N  
POLYMERIC MATERIALS 

I n  t h e  e a r l y  s t a g e s  o f  o u r  s t u d i e s l Y 2  o f  t h e  p o t e n t i a l  
u s e  o f  c o n j u g a t e d  polymers  as a c t i v e  e l e m e n t s  f o r  e l e c t r o n i c  
and o p t i c a l  a p p l i c a t i o n s ,  i t  w a s  r e a d i l y  a p p a r e n t  t h a t  s t r u c -  
t u r a l  o r d e r  was a dominant  c o n s i d e r a t i o n .  Moreover ,  i t  a l s o  
a p p e a r e d  l i k e l y  t h a t  t h e  a b i l i t y  t o  c o n t r o l  c r y s t a l l o g r a p h i c  
o r d e r  would b e  of c o n t i n u e d  i m p o r t a n c e  as r e s e a r c h  i n  t h e s e  
r e l a t i v e l y  new areas e v o l v e d .  We were a l s o  c o g n i z a n t  o f  
i n c r e a s i n g  a c t i v i t y  i n  p o l y m e r i c  mater ia ls  w i t h  l i q u i d  c r y s -  
t a l l i n e  o r d e r ,  a more macroscopic  s i t u a t i o n .  Hence, w e  f e l t  
t h a t  a s h o r t  symposium, b u i l t  a round t h e  theme o f  o r d e r ,  
b o t h  m i c r o s c o p i c  and m a c r o s c o p i c ,  would p r o v i d e  a u s e f u l  
summary o f  the s t a t e - o f - t h e - a r t  o f  t h e  several  t o p i c s  and 
might  a l s o  s e r v e  as a s t i m u l u s  f o r  f u r t h e r  i n v e s t i g a t i o n s .  

The s p e c i f i c  t o p i c s  s e l e c t e d  f o r  t h e  symposium were 
s o l i d  s t a t e  p o l y m e r i z a t i o n  and t h e  p r o p e r t i e s  o f  mater ia ls  
d e r i v e d  from s u c h  p r o c e s s e s ,  t h e  p h y s i c s  and c h e m i s t r y  o f  
polymer l i q u i d  c r y s t a l s  and r e l a t e d  o r d e r e d  mater ia ls ,  and 
the c h e m i s t r y ,  e l e c t r o c h e m i s t r y ,  s t r u c t u r e ,  and e x p e r i m e n t a l  
and t h e o r e t i c a l  p h y s i c s  o f  c o n d u c t i n g  polymers .  T h i s  a r t i c l e  
b r i e f l y  i n t r o d u c e s  t h e s e  t o p i c s  and some h i g h l i g h t s  o f  t h e i r  
development  t o  d a t e .  

X-ray d i f f r a c t i o n  i n  polymers  d a t e s  t o  t h e  o b s e r v a t i o n s  
r e p o r t e d  i n  1921 by P o l a n y i  i n  n a t u r a l l y  o c c u r r i n g  f i b e r s . 3 a  
While t h e  modern s t u d y  of  polymers  v i a  e l e c t r o n  d i f f r a c t i o n  
d a t e s  from 1 9 5 7 , 4  e l e c t r o n  d i f f r a c t i o n  i n  h i g h  polymers  w a s  
r e p o r t e d  as  e a r l y  as 1938.3b 

SOLID STATE POLYMERIZATTON 

S o l i d  s t a t e  p o l y m e r i z a t i o n 5  p r o v i d e s  t h e  most c o n v e n i e n t  
a p p r o a c h  t o  h i g h l y  o r d e r e d  m a c r o s c o p i c  polymer c r y s t a l s .  
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Such s t u d i e s  d a t e  t o  g a s - s o l i d  f o r m a l d e h y d e - t r i o x a n e  r e a c t i o n  
r e p o r t e d  by K o h l s c h u t t e r  i n  1930. The a v a i l a b i l i t y  o f  h i g h  
e n e r g y  r a d i a t i o n  s o u r c e s  s t i m u l a t e d  i n v e s t i g a t i o n  o f  t h e  
r e a c t i v i t y  o f  c r y s t a l l i n e  monomers, and Schmi tz  and Lawson 
(1951)  r e p o r t e d  t h e  s t u d y  o f  e t h y l e n e g l y c o l  d i m e t h a c r y l a t e  
w i t h  a n  e l e c t r o n  beam. Three-d imens iona l  o r i e n t e d  c h a i n  
growth w a s  o b s e r v e d  i n  t h e  c o n d e n s a t i o n  p o l y m e r i z a t i o n  o f  
6-aminohexanoic  a c i d  by Morawetz and coworkers  i n  1964. 

G.M. J. S c h m i d t ' s  t o p o c h e m i c a l  p r i n c i p l e , '  a s t r u c t u r a l  
c o n c e p t  which n o t e s  t h a t  g r o u p s  u n d e r g o i n g  r e a c t i o n  i n  the 
s o l i d  s t a t e  o u g h t  t o  b e  i n  c l o s e  (s4.OA) p r o x i m i t y ,  merges 
w i t h  s o l i d  s t a t e  p o l y m e r i z a t i o n  i n  t h e  e x t e n s i v e  s t u d i e s  o f  
t h e  r e a c t i o n s  o f  c o n j u g a t e d  d i a c e t y l e n e s  (RCH2CEC-CECCH2R) 
by C. Wegner and c o l l a b o r a t o r s  b e g i n n i n g  i n  1969.5C.8 
A p r o t o t y p e  example i s  t h e  l a t t i c e  c o n t r o l l e d  p o l y m e r i z a t i o n  
o f  t h e  h i s - p - t o l u e n e s u l f o n a t e  o f  2 .4-hexadiyne (PTS). 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  of d i a c e t y l e n e s ,  by  now inves t i -  
g a t e d  i n  many l a b o r a t o r i e s  t h r o u g h o u t  t h e  w o r l d ,  a l l o w s  
s y n t h e s i s  o f  f u l l y  o r d e r e d  m a c r o s c o p i c  polymer s i n g l e  c r y s -  
t a l s  w i t h  c o n j u g a t e d  backbones .  The d i a c e t y l e n e  polymer iza-  
t i o n  i s  amenable  t o  m e c h a n i s t i c  s t u d y ,  and t h i s  Drocess ,  
i n i t i a t e d  by a s s o r t e d  t y p e s  of  r a d i a t i o n  as w e l l  as t h e r -  
m a l l y ,  h a s  been  w i d e l y  s t u d i e d  f o r  d e t a i l s  o f  t h e  i n i t i a t i n g  
and p r o p a g a t i n g  s p e c i e s .  Numerous s t u d i e s  o f  t h e  c r y s t a l  and  
m o l e c u l a r  s t r u c t u r e  of  b o t h  monomers and polymers  are  avai l -  
a b l e .  The i n t e n s e  c o l o r  a s s o c i a t e d  w i t h  t h e  c o n j u g a t e d  
backbone n a t u r a l l y  s t i m u l a t e d  i n t e r e s t  i n  t h e  s p e c t r a l  and 
o t h e r  p h y s i c a l  p r o p e r t i e s .  The low e n e r g y  s p e c t r a l  f e a t u r e  
found i n  PTS polymer and o t h e r s  as  w e l l  h a s  been d e s c r i b e d  
as a c h a r g e - t r a n s f e r  e x c i t o n .  lo There  h a s  been  s u b s t a n t i a l  
i n t e r e s t  i n  h i g h  c o e f f i c i e n t s  f o r  b o t h  second' '  and t h i r d  
o r d e r 1 *  n o n l i n e a r  o p t i c a l  p r o c e s s e s .  The l a t t e r  may have  
s u b p i c o s e c o n d  r e s p o n s e  t i m e s  w i t h  p o t e n t i a l  u t i l i t y  i n  
o p t i c a l  communicat ions.  E l e c t r o n i c  c a r r i e r  m o b i l i t i e s  com- 
p a r a b l e  t o  s i l i c o n  o r  g a l l i u m  a r s e n i d e  h a v e  also b e e n  re- 
p o r t e d .  l3  C e r t a i n  p o l y d i a c e t y l e n e s  are a l s o  u s e f u l  as t i m e -  
t e m p e r a t u r e  i n d i c a t o r s  and are under  development  f o r  t h i s  
p u r p o s e .  14 

I n t e r e s t  i n  t h e  c r y s t a l l i n e  polymer d e r i v e d  from S2N2, 
t h a t  i s  p o l y ( s u 1 f u r  n i t r i d e ) ,  w a s  s t i m u l a t e d  by  M.M. Labes 
and coworkers  who have  g i v e n  a comprehens ive  r e v i e w . 1 5  T h i s  
polymer n o t  o n l y  h a s  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  a metal 
b u t  a l s o  p r o v i d e d ,  v i a  t h e  work of R.L. Greene  and 
G . B .  S t r e e t  i n  1975,  t h e  f i r s t  example o f  a s u p e r c o n d u c t o r  
which l a c k e d  a metal  atom. The d e t a i l s  o f  t h e  s o l i d  s t a t e  
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SYMPOSIUM ON ORDER IN POLYMERIC MATERIALS 3 

p o l y m e r i z a t i o n  were r e p o r t e d  by MacDiarmid, G a r i t o ,  and 
Heeger  i n  1976. 

B.M. Foxman and c o l l a b o r a t o r s  have  e x t e n s i v e l y  s t u d i e d  
t h e  p o l y m e r i z a t i o n  o f  n i c k e l  ( c y a n o e t h y l p h o s p h i n e )  d i h a l i d e  
complexes a n d  found t h e  r e a c t i o n  c h a r a c t e r i z e d  b y  p r o d u c t  
s p e c i f i c i t y ,  s t e r e o s p e c i f i c i t y ,  and c r y s t a l l o g r a p h i c  spe-  
c i f i c i t y .  16 They have  s u b s e q u e n t l y  i n i t i a t e d  s t u d i e s  of  t h e  
s o l i d  s t a t e  r e a c t i v i t y  of v i n y l  and a c e t y l e n i c  monomers 
u s i n g  metal c a r b o x y l a t e s  t o  o r i e n t  t h e  reac t ive  m o i e t i e s .  l7  

S i m u l t a n e o u s  p o l y m e r i z a t i o n  and c r y ~ t a l l i z a t i o n ~ ~ ~  l8  i s  
a n o t h e r  a p p r o a c h  t o  macroscopic ,  d e f e c t - f r e e  s i n g l e  c r y s t a l s  
o f  macromolecules .  Recent  examples  i n c l u d e  a r e p a r a t i v e  
method f o r  mixed metal  c o o r d i n a t i o n  polymers1! and t h e  pre-  
p a r a t i o n  of a polymer c o n t a i n i n g  b o t h  p o l y d i a c e t y l e n e  and 
p o l y a c e t y l e n e  m o i e t i e s  f rom a monomer produced  by  o x i d a t i v e  
d i m e r i z a t i o n  of  1, l l - d o d e c a d i y n e . 2 0  A l s o ,  M.  Hanack and  co- 
w o r k e r s  have  r e a c t e d  h e m i p o r p h y r a z i n e  w i t h  i r o n  (11) acetate  
i n  n i t r o b e n z e n e  t o  o b t a i n  s i n g l e  c r y s t a l s  of a n  oxy e n  
b r i d g e d  polymer w i t h  i r o n  i n  a +4 o x i d a t i o n  s t a t e .  2? 

Scheme 1 s k e t c h e s  a summary o f  t h e  development  o f  
h i g h l y  c r  s t a l l i n e  polymers ,  and a r e c e n t  c o n f e r e n c e  pro- 
c e e d i n g s 2 $  d e t a i l s  many c u r r e n t  problems r e l a t e d  t o  t h i s  
t o p i c .  

CONDUCTING POLYMERS 

Polymers  w i t h  s i g n i f i c a n t  d a r k  c o n d u c t i v i t y  have  
a t t r a c t e d  s u b s t a n t i a l  a t t e n t i o n  f o r  o v e r  two d e c a d e s .  The 
e l e c t r i c a l  p r o p e r t i e s  o f  p o l y ( s u 1 f u r  n i t r i d e ) ,  n o t e d  i n  t h e  
p r e v i o u s  s e c t i o n , l 5  were i n i t i a l l y  r e p o r t e d  by Labes and 
coworkers  i n  1962. The a c t i v i t i e s  o f  t h e  1960s,  which  i n -  
c l u d e  s t u d y  o f  p o l y a c e t y l e n e  (CH),, i n  v a r i o u s  forms ,  t h e  
u s e  of c h a r g e  t r a n s f e r  o x i d a n t s  t o  r e n d e r  poly-p-phenylene 
(C6H4)x c o n d u c t i v e ,  and o b s e r v a t i o n  of s t r u c t u r a l  o r d e r  i n  
TCNQ sa l t s  of  p o l y m e r i c  c a t i o n s ,  have  been  summarized i n  a 
book. 2 3  

The c o n s i d e r a b l e  c u r r e n t  i n t e r e s t  w a s  s t i m u l a t e d  by t h e  
a v a i l a b i l i t y  o f  a p a r t i a l l y  c r y s t a l l i n e  (CH), f i l m ,  p r e p a r e d  
i n  1971 by Shi rakawa and Tkeda u s i n g  Z i e g l e r - N a t t a  c h e m i s t r y ,  
and which may b e  i s o l a t e d  as  e i t h e r  cis o r  t r a n s  forms,  t o  
t a k e  up both  c h a r g e - t r a n s f e r  o x i d i z i n g  and r e d u c i n g  r e a g e n t s ,  
commonly te rmed " d o p a n t s . "  Such d o p i n g ,  r e p o r t e d  i n  1977 by 
Shi rakawa,  MacDiarmid, and Heeger ,  g i v e s  materials w i t h  
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SYMPOSIUM ON ORDER IN POLYMERIC MATERIALS 5 

m e t a l - l i k e  c o n d u c t i v i t y  o v e r  a s i g n i f i c a n t  t e m p e r a t u r e  
r a n g e .  The d o p i n g  p r o c e s s  may a l s o  b e  accompl ished  e l e c t r o -  
c h e m i c a l l y  and  t h i s  h a s  l e d  t o  t h e  i n v e s t i g a t i o n  of  s u c h  
mater ia l s  f o r  b a t t e r y  a p p l i c a t i o n s .  

C o n f o r m a t i o n a l  e x c i t a t i o n  i n  trans-(CH),, termed 
s o l i t o n s ,  w e r e  i n i t i a l l y  d i s c u s s e d  t h e o r e t i c a l l y  by  P o p l e  
and  Walmsley i n  1962. F u r t h e r  t h e o r e t i c a l  treatment,  i n c l u d -  
i n g  r ea l  t i m e  dynamics,  has been  g i v e n  by Su,  S c h r i e f f e r ,  
a n d  Heeger ,  a n d  t h e r e  i s  c o n s i d e r a b l e  e x p e r i m e n t a l  and 
t h e o r e t i c a l  i n t e r e s t  i n  t h e  r o l e  o f  s o l i t o n s  i n  t h e  e l e c -  
t r o n i c  s t r u c t u r e  and d o p i n g  of  trans-(CH),. S e v e r a l  review 
a r t i c l e s  summarize t h e  e x t e n s i v e  s t u d i e s  o f  Heeger ,  
MacDiarmid, and  coworkers .  24 

Much a t t e n t i o n  h a s  a l s o  been  p a i d  t o  t h e  i s s u e  o f  
c r y s t a l  s t r u c t u r e  and morphology i n  b o t h  p r i s t i n e  and doped 
(CH)x.24y25,26 The s e n s i t i v i t y  of  b o t h  p r i s t i n e  and doped 
(CHI, t o  a i r  and m o i s t u r e  h a s  s t i m u l a t e d  s u b s t a n t i a l  i n t e r e s t  
i n  e x t e n d i n g  t h e  u s e f u l  l i f e t i m e  o f  t h e  material .  P r e p a r a -  
t i o n  and c h a r a c t e r i z a t i o n  of b l e n d s  of (CH), w i t h  poly-  
e t h y l e n e 2 7  and  p o l y b u t a d i e n e 2 8  h a s  been  one a p p r o a c h  i n  t h e  
q u e s t  f o r  b o t h  l o n g  term s t a b i l i t y  and p r o c e s s a b i l i t y .  

The i n t e r e s t  i n  t h e  p r o p e r t i e s  and p o t e n t i a l  a p p l i c a -  
t i o n s  o f  (CH), n a t u r a l l y  s t i m u l a t e d  i n v e s t i g a t i o n s  o f  o t h e r  
c o n j u g a t e d  polymers ,  and major  new work i n  (C6H4)x as w e l l  
as t h e  r o c e s s i b l e  poly-p-phenylene s u l f i d e  h a s  ap- 
p e a r e d .  $ 5 9  26 Anodic e l e c t r o p o l y m e r i z a t i o n  o f  p y r r o l e ,  t h i o -  
phene ,  and o t h e r  e l e c t r o n  r i c h  m o l e c u l e s  h a s  a l s o  r o v  d a 
u s e f u l  a p p r o a c h  t o  c o n d u c t i v e  p o l y m e r i c  mater ia ls .  35,2%, 29 
P o l y m e r i c  metal  m a c r o c y c l e s ,  p r o t o t y p e  p h t h a l o c y a n i n e ,  i n -  
c l u d i n g  b o t h  t r a n s i t i o n 3 0  and main g r o u p 3 l  e l e m e n t s ,  pro-  
v i d e  a d d i t i o n a l  c l a s s e s  of c o n d u c t i n g  polymers ,  i n c l u d i n g  
a n  example of  a cyano b r i d g e d  mater ia l  which i s  c o n d u c t i v e  
as s y n t h e s i z e d . 3 O  

Detai ls  o f  problems o f  c u r r e n t  i n t e r e s t  are  g i v e n  i n  
r e c e n t  c o n f e r e n c e  p r o c e e d i n g s .  22,329 33 

POLYMER L I Q U I D  CRYSTALS AND MACROSCOPIC ORDER 

The f i r s t  example o f  l i q u i d  c r y s t a l l i n e  o r d e r  i n  
macromolecular  m a t e r i a l s  w a s  p r o v i d e d  by n a t u r e ;  s t u d i e s  
o f  t h e  r o d - l i k e  t o b a c c o  m o s a i c  v i r u s  w e r e  r e p o r t e d  b e f o r e  
1940. S e v e r a l  polymers  w i t h  a r o m a t i c  groups ,  s u c h  as  
poly(y-benzyl-L-glutamate), poly(l,4-phenyleneterephthal- 
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6 D. J. SANDMAN and P. CUKOR 

amide)  ( K e v l a r ) ,  and  t h e  p o l y e s t e r s  o f  p-hydroxybenzoic  
a c i d 3 4  (Ekonol)  and i t s  copolymers ,  have  s t i f f  c h a i n  s t r u c -  
t u r e s  which i m p a r t  o u t s t a n d i n g  m e c h a n i c a l  p r o p e r t i e s  t o  t h e  
materials. F o r  example ,  Kevlar, w i t h  a d e n s i t y  of  less t h a n  
twenty p e r  c e n t  t h a t  o f  s t e e l ,  h a s  a t e n s i l e  modulus com- 
p a r a b l e  t o  s t ee l .  The l i t e r a t u r e  o f  t h e  c h e m i c a l  and p h y s i c a l  
p r o p e r t i e s  o f  t h e s e  materials is a v a i l a b l e  i n  r e a d i l y  ac- 
c e s s i b l e  books35-37 and review ar t ic les .  3 8 y  39 

T h e o r e t i c a l  i n t e r e s t  i n  t h e  n e m a t i c - i s o t r o p i c  t r a n s i -  
t i o n  stems from L. O n s a g e r ' s  a p p r o a c h  (1949)  i n v o l v i n g  
r e p u l s i v e  i n t e r a c t i o n s  o f  a gas  o f  i m p e n e t r a b l e  r o d s  and 
P. F l o r y ' s  e x t e n s i o n  (1956)  o f  t h e  l a t t i c e  model o f  s o l u -  
t i o n s  of f l e x i b l e  c h a i n s  t o  r i g i d  r o d s .  More r e c e n t  work 
done by d e  Gennes and P i n c u s 4 0  u s i n g  a mean f i e l d  a p p r o x i -  
m a t i o n  p r e d i c t s  a f i r s t  o r d e r  p h a s e  t r a n s i t i o n  from a 
n e a r l y  c o i l e d  t o  n e a r l y  r i g i d  c o n f o r m a t i o n  accompanied by  
s i m u l t a n e o u s  development  o f  l o n g  r a n g e  nematic o r d e r .  

T h e r e  i s  c o n s i d e r a b l e  e x p e r i m e n t a l  and t h e o r e t i c a l  
interest a t  p r e s e n t  i n  l o n g  r a n g e  c o r r e l a t i o n s  i n  t h e  101- 
lO4A range .  4 l  P o l y e l e c t r o l y t e s  and monodisperse  polymer 
( e . g . ,  p o l y s t y r e n e  and p o l y a c r y l a t e s )  l a t i c e s  p r o v i d e  ex- 
amples  of  s u c h  s y s t e m s . 4 2  F i r s t  p roduced  i n  1 9 4 7 ,  t h e  
c o l l o i d a l  l a t i c e s  e x h i b i t  d i f f r a c t i o n  phenomena w i t h  v i s i b l e  
l i g h t .  Problems of c u r r e n t  i n t e r e s t  i n c l u d e  t h e  r o l e  of 
s o l v e n t  d i e l e c t r i c  c o n s t a n t  i n  t h e  i n t e r a c t i o n s  among t h e  
c h a r g e d  c o l l o i d s  and the  s t u d y  o f  p h a s e  t r a n s i t i o n s  as a 
f u n c t i o n  of d e n s i t y  and coulomb s c r e e n i n g  l e n g t h .  43 

ORDERED POLYMERS I N  MONOLAYERS AND MULTILAYERS 

While t h e  p o l y m e r i z a t i o n  o f  s u r f a c e  a c t i v e  monomers 
o r i e n t e d  a t  a gas-water  i n t e r f a c e  i s  a v a r i a n t  o f  s o l i d  
s t a t e  p o l y m e r i z a t i o n ,  t h e r e  i s  a s u f f i c i e n t  i n t e r e s t  i n  this 
r e l a t i v e l y  r e c e n t 4 4  development  t o  w a r r a n t  s e p a r a t e  t rea t -  
ment. Two volumes o f  t h e  j o u r n a l  T h i n  S o l i d  F i l m s  g i v e  a n  
overv iew of c u r r e n t  a c t i v i t i e s  i n  monolayers  and m u l t i -  
l a y e r s  produced  by Langmuir-Blodget t  t e c h n i q u e s .  45 Appl ica-  
t i o n s  o f  t h e s e  l a y e r s  c o u l d  b e  i n  i n t e g r a t e d  o p t i c s ,  as 
b a r r i e r  l a y e r s  i n  J o s e p h s o n  t u n n e l  j u n c t i o n s ,  as  e l e c t r o n  
beam resis ts ,  and i n  d e r i v a t i z e d  e l e c t r o d e s .  

P o l y d i a c e t y l e n e s  have  been  p r e p a r e d  as  monolayers  and 
m u l t i l a y e r s .  5C,8 V a l u e s  of  the  t h i r d  o r d e r  n o n l i n e a r  s u s -  
c e p t i b i l i t y  {x(3) 1 comparable  t o  t h o s e  r e p o r t e d  i n  s i n g l e  
c r y s t a l s  o f  PTS12 have been deduced from i n t e n s i t y - d e p e n d e n t  
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SYMPOSIUM ON ORDER IN POLYMERIC MATERIALS 

i n d e x  o f  r e f r a c t t o n  measurements  i n  a 50001 m u l t i l a y e r  o f  a 
p o l y d i a c e t y l e n e ,  and  a l a r g e  r e s o n a n t  enhancement o f  ~ ( ~ 1  
w a s  a l s o  o b s e r v e d .  46 
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