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LYOTROPIC LIQUID-CRYSTALLINE MATERIALS 
CONTAINING PALLADIUM AND NICKEL 

S . TAKAHASHI , H .  MORIMOTO, Y. TAKA1 , 
K.SONOGASHIRA and N.HAGIHARA 
The Institute of Scientific and Industrial 
Research, Osaka University, Suita, Osaka 5 6 5 ,  
Japan 
(Submitted for publication July 17, 1981) 

ABSTRACT: Polymers having backbones composed 
o f  conjugated acetylenes and palladium- o r  
nickel-atoms have been found to form 
lyotropic liquid crystals in trichloroethylene 
of t et r ahydro furan. 

Recently, renewed interest has developed in 
structures and properties o f  lyotropic liquid 
crystals formed by rod-like polymers.' Although 
several natural and synthetic polymers such as DNA, 
cellulose, polyamides and polyisocyanates are 
known as lyotropic liquid-crystalline materials, 
none contains transition metals. Even among a large 
number of thermotropic liquid-crystalline materials 
only two examples containing transition metals are 
known. We have recently reported poly[bis(tri-n- 
buty1phosphine)platinum 1,4-butadiynediyl] as the 
first example o f  lyotropic liquid-crystalline 
materials containing transition metals. AS an 
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102 

e x t e n s i o n  t o  o t h e r  t r a n s i t i o n  m e t a l s  we p r e p a r e d  
and examined m e t a l - p o l y y n e  polymers  I -V5  whose 
main c h a i n s  a r e  composed o f  c o n j u g a t e d  a c e t y l e n e s  
and pa l l ad ium-  o r  n i c k e l - a t o m s .  S p e c t r a l  a n a l y s e s  
i n c l u d i n g  31P{1131-n.m. r .  s p e c t r a  r e v e a l e d  t h a t  a l l  
t h e  polymers  have s q u a r e - p l a n a r  t r a n s - c o n f i g u r a t i o n s  
a t  t h e  me ta l  m o i e t i e s  and ex tended  c h a i n  s t r u c t u r e s ,  
s u g g e s t i n g  t h a t  t h e  polymers  may form l y o t r o p i c  
l i q u i d  c r y s t a l s  i n  c o n c e n t r a t e d  s o l u t i o n s .  

S. TAKAHASHI, H.  MORIMOTO, Y .  TAKAI, K .  SONOGASHIRA and N. HAGIHARA 

f p d - C E C  c-c+n 
n yBu3 6 -4(=Jcx+ 

7 B ~ 3  P B u  3 

fIy-CEC-C:C+ fM-CZC 

(I) a: M = P d  (11) a :  M = P d  (IJI) a :  R = C H 3  
R $Bus PBU 3 

n PBu 3 

b :  M = N i  b :  M = N i  b: R = C z H 5  

R 

czc+, 
7BU3 P B u 3  $R TBu 3 T B u  3 

hBu PBu 3 

fPd-CZC-CEC-$'d-CZC-C=C-?d-CEC 

(IV) a :  R = H ;  b: R = C H 3 ;  c:  R = C z H 5  

TBu ~ B U  

P B u  P B u  
f y - C E C - C ~ C - ~ ' - C r C - C r c +  n 

( V )  a :  M = P d ,  M ' = P t ;  b: M = N i ,  M ' = P t ,  
b:  M = P d ,  M ' = N i  

F l o r y ' s  t heo ry '  p r e d i c t s  t h a t  r e q u i s i t e s  f o r  
f o r m a t i o n  of  l y o t r o p i c  l i q u i d  c r y s t a l s  a r e  a l a r g e  
a x i a l  r a t i o  ( p )  o f  polymer molecu'les and a h i g h  

s o l u b i l i t y  a s  w e l l  as a r o d - l i k e  s t r u c t u r e  o f  
po lymers .  However, i t  i s  d i f f i c u l t  t o  o b t a i n  h i g h  
molecu la r -we igh t  samples  o f p a l l a d i u m -  o r  n i c k e l -  
po lyyne  polymers  because  o f  r e l a t i v e l y  low s o l u b i l i -  
t i e s  o f  t h e  s igma-bond between ca rbon  and t h e s e  
m e t a l s .  Low-molecular-weight  po lymers ,  i.e., sma l l  
p ,  r e q u i r e  ve ry  h i g h  s o l u b i l i t i e s  f o r  fo rma t ion  o f  
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LYOTROPIC LIQUIDCRYSTALLINE MATERIALS 103 

0 10 2 0  30  4 0  5 0  
Wt% 

FIGURE 1. Viscosity vs. 
concentration for the fraction 
of polymer Ia (Mw= 32000) in 
trichloroethylene at 2 0 ° C .  

FIGURE 2. Droplets of a liquid- 
crystalline phase in a dark 
background of the isotropic phase 
(a trichloroethylene solution of 
polymer Vc (Rw = 15000) ; observed 
between crossed polarizers at 
about 2 0 0  x )  
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104 S. TAKAHASHI,  H .  MORIMOTO, Y .  TAKAI ,  K .  SONOGASHIRA and N. HAGIHARA 

l i q u i d  c r y s t a l s .  Polymer I a  w i t h  K w =  3 2 0 0 0  showed 
a s a t i s f a c t o r y  s o l u b i l i t y  and formed l i q u i d  c r y s t a l s  
i n  a t r i c h l o r o e t h y l e n e  o r  t e t r a h y d r o f u r a n  s o l u t i o n .  
Format ion  o f  t h e  l i q u i d  c r y s t a l s  was conf i rmed by 
a c h a r a c t e r i s t i c  r e l a t i o n s h i p '  between v i s c o s i t y  

and b u l k  c o n c e n t r a t i o n  ( F i g .  1 ) .  But polymers I b ,  
I I a  and I I b  hav ing  R w = l O O O O  - 25000 were n o t  ob-  
s e r v e d  t o  form l i q u i d  c r y s t a l s  i n  c o n c e n t r a t e d  
s o ' l u t i o n s .  I n  o r d e r  t o  enhance  t h e  s o l u b i l i t y  o f  
t h e  polymers  we a t t e m p t e d  t o  d e s i g n  t h e  polymer 
s t r u c t u r e  and found t h a t  t h e  i n t r o d u c t i o n  o f  a l k y l  
groups  o n t o  t h e  pheny l  r i n g  i n p o l y m e r  I I a  r e s u l t e d  
i n  f a v o r a b l e  i n c r e a s e  o f  t h e  s o l u b i l i t y  and t h a t  
polymers  ma  and IlIb e x h i b i t e d  a l i q u i d  c r y s t a l l i n e  
b e h a v i o r .  Polymer I V  (Rw = 1 0 0 0 0  - 20000) which 
c o n t a i n s  two k ind  o f  a c e t y l e n i c  segments  i n  a main 
c h a i n ,  a l s o s h o w e d  a good s o l u b i l i t y  and e a s i l y  
formed l i q u i d  c r y s t a l s  i n  c o c e n t r a t e d  s o l u t i o n s .  

We c o u l d  n o t  p r e p a r e  l y o t r o p i c  l i q u i d  c r y s t a l s  
o f  n i c k e l - p o l y m e r s  I b  (Rw= 13000) and I I b  (Mw = 

1 0 0 0 0 )  due t o  t h e i r  low m o l e c u l a r  w e i g h t  and low 
s o l u b i l i t y  which may a r i se  from low s t a b i l i t i e s  o f  
t h e  N i - C  and N i - P  bonds*.  Polymers Vb and Vc, which 
c o n t a i n  two k i n d s  o f  m e t a l  a toms ,  n i c k e l  and p l a t i -  
num, o r  n i c k e l  and p a l l a d i u m ,  were more s t a b l e  and 
s o l u b l e  t h a n  polymer I b  and were o b t a i n e d  as 
samples  hav ing  f l w = 1 5 0 0 0  - 2 0 0 0 0 .  They a r e  r e a d i l y  

* D i s s o c i a t i o n  o f  t h e  phosph ine  l i g a n d  from t h e  
me ta l  mo ie ty  lowers  t h e  s o l u b i l i t y  o f  polymers  
because  t h e  b u l k y  l i g a n d  c o v e r s  t h e  polymer main 
c h a i n  and p r e v e n t s  an  i n t e r m o l e c u l a r  i n t e r a c t i o n  
between t h e  polymer molecu le s .  
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LYOTROPIC LlQUIDCRYSTALLlNE MATERlALS 105 

s o l u b l e  i n  o r g a n i c  s o l v e n t s ,  e s p e c i a l l y  i n  t r i -  
c h l o r o e t h y l e n e  and  t e t r a h y d r o f u r a n ,  and e a s i l y  
form l i q u i d  c r y s t a l s .  F i g u r e  2 shows d r o p l e t s  of  
l i q u i d  c r y s t a l s  formed by polymer V c  in t r i c h l o r o -  
e t h y l e n e .  Exper iments  u s i n g  a gypsum wedge r e v e a l e d  

4 t h a t  t h e  d r o p l e t s  were n e g a t i v e  l i q u i d  c r y s t a l s ,  
s u g g e s t i n g  t h a t  i f  t h e  r e f r a c t i v e  index  a l o n g  t h e  
c a x i s  ( p a r a l l e l  t o  t h e  main c h a i n )  o f  t h e  polymer 

molecule  i s  h i g h e r  t h a n  a long  t h e  axes  p e r p e n d i c u l a r  
t o  t h e  main c h a i n ,  which seems most l i k e l y ,  t h e  c 
a x e s ,  i.e., m o l e c u l a r  d i r e c t i o n ,  o f  t h e  polymer 
molecules  l i e  c o n s i s t e n t l y  p e r p e n d i c u l a r  t o  t h e  

r a d i u s  o f  t h e  s p h e r i c a l  l i q u i d - c r y s t a l l i n e  phase .  
The same o r i e n t a t i o n  o f  polymer molecu le s  were 
a l s o  obse rved  i n  s p h e r i c a l  l i q u i d  c r y s t a l s  formed 

by o t h e r  m e t a l - p o l y y n e  polymers ,  I a ,  III and I V .  
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