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DIRECT N . H . R .  OBSERVATION O F  LYOTROPIC 
LIQUID CRYSTALS FORMED BY TRANSITION 
METAL-POLY-YNE POLYMERS 

S . TAKAHASHI , Y . TAKA1 , H .  MORII4OT0, 
#. SONOGASHIRA and N.HAGIHARA 
The I n s t i t u t e  o f  S c i e n t i f i c  and I n d u s t r i a l  
Resea rch ,  Osaka U n i v e r s i t y ,  I b a r a k i ,  Osaka 
5 6 7 ,  Japan  
(Submi t t ed  f o r  p u b l i c a t i o n  May 2 7 ,  1982) 

ABSTRACT: The l y o t r o p i c  l i q u i d  c r y s t a l s  
formed by m e t a l - p o l y - y n e  polymers  I and I1 
have been d i r e c t l y  d e t e c t e d  by h i g h  r e s o l u t i o n  
31P-n.m.r. method which has  r e v e a l e d  t h a t  t h e  
main c h a i n  o f  t h e  polymers  a l i g n s  i t s e l f  i n  
t h e  d i r e c t i o n  p e r p e n d i c u l a r  t o  an a p p l i e d  
magne t i c  f i e l d .  

The re  have been some r e p o r t s  on h i g h  r e s o l u t i o n  
n . m . r .  s t u d i e s  o f  l y o t r o p i c  l i q u i d  c r y s t a l s  formed 
by s y n t h e t i c  polymers  s u c h  as p o l y - y - b e n z y l - l -  
g l u t a m a t e  (PBLG) .' However, most of  them seem t o  be  
l i m i t e d  t o  t h e  a n a l y s i s  o f  s o l v e n t  s i g n a l s  obse rved  
i n  t h e  l i q u i d  c r y s t a l l i n e  phases  s i n c e  t h e  polymer 
s i g n a l s  a r e  u s u a l l y  t o o  b road  and t o o  i n t r i c a t e  t o  
be d e f i n e d  b e c a u s e  of  t h e  v e r y  l a r g e  i n t r a m o l e c u l a r  
n u c l e a r  d i p o l a r  i n t e r a c t i o n s .  T h e r e f o r e ,  b e h a v i o r  
o f  t h e  polymer molecu le s  composing l i q u i d  c r y s t a l s  
was unab le  t o  be  i n v e s t i g a t e d  d i r e c t l y  by a n .m. r .  
method w i t h o u t  a s p e c i a l  m o d i f i c a t i o n  l i k e  l a b e l l i n g  
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polymers  w i t h  deu te r ium. '  Here we r e p o r t  a d i r e c t  
n . m . r .  o b s e r v a t i o n  o f  polymer molecu le s  composing a 
l i q u i d  c r y s t a l  and t h e i r  b e h a v i o r  towards  magnet ic  
f i e l d s .  

R e c e n t l y  , we have shown t h a t  p o l y  [ t r a n s - b i s -  
(tri-n-buty1phosphine)platinum l Y 4 - b u t a d i y n e d i y l ] ,  
I a ,  and t h e  a n a l o g u e s ,  I I a - c ,  p r o v i d e  t h e  f i r s t  
examples o f  l y o t r o p i c  l i q u i d  c r y s t a l l i n e  m a t e r i a l s  
hav ing  t r a n s i t i o n  m e t a b .  They form l i q u i d  c r y s t a l s  

PBu3 PBu3 PBu3 
I I I 

I I I 
PBu3 PBu3 PBu3 

n/2 

1 1 
1 1 
1 1 

i n  s o l v e n t s  such  as t r i c h l o r o e t h y l e n e ,  methylene  
c h l o r i d e ,  THF and f u r a n  when t h e  polymer c o n c e n t r a t i o n  
exceeds  a c e r t a i n  l i m i t i n g  v a l u e  depending  on t h e  
m o l e c u l a r  we igh t  o f  t h e  polymer .  The 31P{1H) - n .  m. r .  
spec t rum o f  a d i l u t e  s o l u t i o n  (1 w/w%) o f  P t - D  
polymer ($w=65000, n=100) i n  t r i c h l o r o e t h y l e n e  
e x h i b i t e d  a s h a r p  s i g n a l  a t  - 4 . 3 4  ~ . p . m . ~  w i t h  
a t t e n d a n t  s a t e l l i t e s  due t o  c o u p l i n g  w i t h  l g 5 P t  ( J p t - p  
= 2 4 1 6  H z ) .  A c o n c e n t r a t e d  s o l u t i o n  (35 w/w%) o f  
t h e  same sample 
i s o t r o p i c  and a n i s o t r o p i c  ( l i q u i d  c r y s t a l s )  p h a s e s ,  
was p l a c e d  i n  a s p e c t r o m e t e r  magne t i c  f i e l d  ( 2 3 . 5  

Ic i logauss)  a t  2 5 O C .  The h i g h  r e s o l u t i o n  31P{1€Il- 
n .m. r .  spec t rum ( S - 1  i n  F i g u r e )  which was r eco rded  
a f t e r  30 min. w i t h o u t  s p i n n i n g  showed a new b road  
s i g n a l  a t  1 7 . 2  p.p.m.  and s a t e l l i t e s ( A ~ ~ ~ _ ~ = 2 3 4 6  Nz) 
a l o n g  w i t h  o r d i n a r y  s i g n a l s  a t t r i b u t a b l e  t o  t h e  
polymer i n  an i s o t r o p i c  s t a t e .  The former  s i g n a l  

fM-C-C-C-C+n fM-CrC-C-C-M'-C-C-C-C+ 

I a :  M=Pt ( P t - D l )  
I b :  M=Pd (Pd-D1) 

I r a :  M = P t ,  M'=Pd (P t -D  -Pd-D ) 

I I b :  l I=Pt ,  M ' = ! \ J i  (Pt-D - N i - D  ) 

I I c :  M=Pd, M ' = N i  (Pd-D - N i - D  ) 

1 

o f  P t - D l ,  which c o n t a i n e d  b o t h  
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r 
Pt-P 

( Is01 

I 
- 

s-3 

Pt-P 
(W 

s-1 

Av 
Pt-P (Lc) 

I I 
I 
I 

-40 -20 0 20 40 p.p.m. 

F I G U R E .  N . m . r .  s p e c t r a  of a c o n c e n t r a t e d  
s o l u t i o n  o f  P t -DI  i n  t r i c h l o r o e t h y l e n e ;  
r e c o r d e d  on a J E O L  FX 1 0 0  s p e c t r o m e t e r  o p e r a t i n g  
a t  2 5 ° C  w i t h  lH-decoup l ing  mode. 
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cou ld  be a s s i g n e d  t o  t h e  phosphorus  on p l a t i n u m  i n  
t h e  polymer molecu le s  composing l i q u i d  c r y s t a l s  
because  t h e  peak  i n t e n s i t y  was p r o p o r t i o n a l  t o  t h e  
l i q u i d  c r y s t a l  c o n t e n t  and t h e  s i g n a l  was n o t  obse rved  
i n  c o n c e n t r a t e d  i s o t r o p i c  s o l u t i o n s  ( e . g . ,  2 0  w/w%). 

S i m i l a r l y ,  po lymers  Pd-D1, P t - D  -Pd-D 
P t - D  - N i - D 1  showed c h a r a c t e r i s t i c  r e s o n a n c e s  i n  a 
l i q u i d  c r y s t a l l i n e  s t a t e .  The polymer i n  a l i q u i d  
c r y s t a l l i n e  s t a t e  a lways e x h i b i t s  t h e  phosphorus  
r e sonance  a t  h i g h e r  f i e l d  t h a n  i n  an  i s o t r o p i c  sys t em 
w i t h  t h e  magnitude of  t h i s  s h i f t  b e i n g  dependent  on 
t h e  k i n d  o f  m e t a l  a toms ;  A6(P t )=21 ,  A 6 ( P d ) = l l ,  
A 6 ( N i ) = 7 p . p . m . 

1 1 and 
1 

To i n v e s t i g a t e  t h e  b e h a v i o r  o f  t h e  l i q u i d  
c r y s t a l s  i n  a magne t i c  f i e l d ,  n .m. r .  expe r imen t s  
w i t h  a sample t u b e  r o t a t i o n  t e c h n i q u e  have been made. 
The sample t u b e ,  which showed spec t rum S - 1  i n  t h e  
F i g u r e ,  was r o t a t e d  t h r o u g h  90' abou t  an  a x i s  
p e r p e n d i c u l a r  t o  t h e  s p e c t r o m e t e r  magne t i c  f i e l d .  
Spectrum S - 2  was r e c o r d e d  immedia te ly  a f t e r  t h e  
r o t a t i o n ,  where t h e  s i g n a l s  due t o  t h e  l i q u i d  c r y s t a l s  
broadened  and t h e i r  i n t e n s i t i e s  e x t r e m e l y  d e c r e a s e d ,  
whereas  t h e  s i g n a l s  based  on t h e  i s o t r o p i c  polymer 
a s  w e l l  as t r i b u t y l p h o s p h i n e  o x i d e  ( i n t e r n a l  
r e f e r e n c e )  were a lmos t  u n a f f e c t e d .  After  s e v e r a l  
minu te s  t h e  i n t e n s i t i e s  o f  t h e  former  began t o  
r e c c v e r  and t h e  s i g n a l s  r e g a i n e d  t h e  i n i t i a l  
i n t e n s i t y  a f t e r  ca. 30 min. The change i n  t h e  s p e c t r a  
i s  r e p r o d u c i b l e .  

were a l s o  a n a l y z e d .  A t  t h e  b e g i n n i n g  o f  s p i n n i n g  
around an  a x i s  p e r p e n d i c u l a r  t o  t h e  magne t i c  f i e l d ,  
e s s e n t i a l l y  t h e  same spec t rum as S - 2  was r e c o r d e d .  
Cont inuous  s p i n n i n g  a t  t h e  r a t e  o f  ca. 7 Hz r e s u l t e d  

S p e c t r a  r e c o r d e d  w i t h  s p i n n i n g  t h e  sample t u b e  D
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METAL-POLY-YNE POLYMERS 143 

i n  a g r a d u a l  i n c r e a s e  i n  t h e  s i g n a l  i n t e n s i t i e s  o f  
t h e  l i q u i d  c r y s t a l s  and showed spec t rum S - 3  a f t e r  
30 min. I n t e r e s t i n g l y ,  t h e  same spec t rum was o b t a i n e d  
immedia te ly  a f t e r  s t o p p i n g  t h e  s p i n  and was no l o n g e r  
a f f e c t e d  by r o t a t i n g  t h e  sample t u b e  th rough  90" 
abou t  an  a x i s  p e r p e n d i c u l a r  t o  t h e  magnet ic  f i e l d .  
Th i s  b e h a v i o r  o f  t h e  l i q u i d  c r y s t a l s  i n d i c a t e s  t h a t  
t h e  d i r e c t o r ,  i.e., t h e  main c h a i n  o f  t h e  polymer ,  
i s  o r i e n t e d  i n  t h e  d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  
a p p l i e d  magne t i c  f i e l d , '  and may b e  i n t e r p r e t e d  i n  
terms o f  t h e  n e g a t i v e  magne t i c  a n i s o t r o p y  o f  ca rbon-  
carbon t r i p l e  bond. 6 
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