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THE TRANSITION TEMPERATURES OF SOME DEUTERIATED 
L I Q U I D  CRYSTALS 

G.W. GRAY and A. M O S E Y  
Department of Chemistry,  U n i v e r s i t y  of H u l l ,  H u l l ,  
England, HU6 7RX 

(Submitted fo r  p u b l i c a t i o n  September 1 4 ,  1977) 

The t r a n s i t i o n  t empera tu res  of e i g h t  d e u t e r i a t e d ,  l i q u i d  
c r y s t a l l i n e  d e r i v a t i v e s  of 4-cyanobiphenyl and f o u r  
d e u t e r i a t e d  l i q u i d  c r y s t a l l i n e  S c h i f f ' s  bases  a r e  
r e p o r t e d  and compared w i t h  the t r a n s i t i o n  t empera tu res  
of t h e  co r re spond ing  non-deu te r i a t ed  compounds. 

I n  1973 a p r o j e c t  was i n i t i a t e d  t o  s tudy  the molecular  
s t r u c t u r e s  of v a r i o u s  l i q u i d  c r y s t a l l i n e  phases  by i n e l a s t i c  
n e u t r o n  s c a t t e r i n g .  Our p a r t  i n  t h i s  work was t o  p r e p a r e  the  
h i g h l y  d e u t e r i a t e d  l i q u i d  c r y s t a l s  t h a t  would b e  necessa ry  
f o r  t h i s  type of p h y s i c a l  measurement. During the  cour se  of 
t h i s  work, w e  no ted  t h a t  t h e  l i q u i d  c r y s t a l l i n e  t r a n s i t i o n  
t empera tu res  of t h e  d e u t e r i a t e d  mesogens d i f f e r e d  t o  s m a l l ,  
bu t  measureable e x t e n t s  from the t r a n s i t i o n  t empera tu res  of 
the co r re spond ing  non-deu te r i a t ed  mesogens. Moreover, t hese  
d i f f e r e n c e s  were e i t h e r  p o s i t i v e  o r  n e g a t i v e  depending upon 
the l i q u i d  c r y s t a l l i n e  s y s  t e m .  

I n  t h i s  communication, w e  have merely l i s t e d ,  s e e  Table 1, 
t h e  d e u t e r i a t e d  mesogens we have p repa red ,  t o g e t h e r  w i t h  the 
e x p e r i m e n t a l l y  observed d i f f e r e n c e s  between the  t r a n s i t i o n  
t empera tu res  of t he  co r re spond ing  d e u t e r i a t e d  and 
non-deu te r i a t ed  compounds. We f e e l  t h a t  t h e s e  unique d a t a  
may be  u s e f u l  t o  those who a r e  concerned w i t h  t h e o r e t i c a l  
t r e a t m e n t s  of l i q u i d  c r y s t a l s .  

The c r y s t a l - l i q u i d  c r y s t a l  t r a n s i t i o n  t empera tu res  were 
n o t  a f f e c t e d  by d e u t e r i a t i o n .  Values of AT which a r e  less 
than 0.5OC may n o t  be s i g n i f i c a n t .  Compounds 1 and 8 were 
p repa red  f o r  our  own work and compound 4 was p repa red  f o r  
deu te ron  magnet ic  resonance s t u d i e s .  The i s o t o p i c  p u r i t y  
of a l l  t h e  compounds was shown by n.m.r. t o  be g r e a t e r  than 
98%. The p u r i t y  of  compounds 2-7 was shown by g.1.c.  t o  be 
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DEUTERIATED LIQUID CRYSTALS I 1  
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78 G. W. GRAY and A. MOSLEY 

,99;/. T h e  p u r i t y  of compound I w a s  98X; t h e  impur i ty  i n  
t n i s  compound (probably the  a l k e n e  w i t h  s i d e  cha in  C3H7CH=CD-) 
could have r a i s e d  the N - I  t r a n s i t i o n  temperature  by -0 .5OC.  
Compounds b-12 were p u r i f i e d  by r e p e a t e d  c r y s t a l l i s a t i o n  u n t i l  
c o n s t a n t  t r a n s i t i o n  t empera tu res  were ob ta ined .  

T h e  s m a l l  d i f f e r e n c e s  between the  t r a n s i t i o n  t empera tu res  
of  the d e u t e r i a t e d  and non-deu te r i a t ed  compounds could be 
demonstrated i n  the  f o l l o w i n g  manner. I n  t h e  case  of compound 
2,  t h e  t empera tu re  of t he  h o t  s t a g e  which was mounted on a 
p o l a r i z i n g  microscope was s e t  a t  3 4 . 2 % .  A sample of .?placed 
i n  t h i s  h o t  s t a g e  would produce tne i s o t r o p i c  l i q u i d  phase ,  
whereas a sample of non-deu te r i a t ed  4-cyano-4'-n-pentyl- 
b ipheny l  would remain i n  the  nematic  phase.  

The v a l u e s  of AT a r e  o i  cour se  very s m a l l  and i t  could 
be argued t h a t  such s m a l l  changes could be  due t o  the  p re sence  
of i m p u r i t i e s .  Grea t  c a r e  was however taken i n  p u r i f y i n g  a l l  
t he  samples.  The co r re spond ing  d e u t e r i a t e d  and non- 
d e u t e r i a t e d  compounds were p repa red  by i d e n t i c a l  s y n t h e t i c  
r o u t e s  and bo th  compounds had very s i m i l a r  g.1.c.  p u r i t i e s ,  
where these  were measured. Moreover, when a given non- 
d e u t e r i a t e d  mesogen i s  p repa red  s e v e r a l  t i m e s ,  t h e  v a r i a t i o n  
i n  N-I t empera tu re  i s  ex t r eme ly  small;  i n  f a c t  a c o n s t a n t  
N-I va lue  can u s u a l l y  b e  achieved.  A l l  t h e  compounds w i t h  
the e x c e p t i o n  of  compound I had ex t r eme ly  narrow ranges  
(0.1OC) f o r  t h e  N-I o r  SA-I t r a n s i t i o n s .  These f a c t o r s  
t o g e t h e r  w i t h  t h e  c o n s i s t e n t  n a t u r e  of t h e  r e s u l t s  l e a d  us 
t o  b e l i e v e  t h a t  t h e  e f f e c t s  i l l u s t r a t e d  i n  Table 1 (wi th  
the e x c e p t i o n  of compound I ) ,  a r e  genu ine ,  p a r t i c u l a r l y  t h e  
s i g n  of A T .  

Reviewing the  r e s u l t s ,  t he  f o l l o w i n g  p o i n t s  nay b e  made. 
I t  appears  t h a t  cha in  d e u t e r i a t i o n  of a mesogen w i t h  a 
p o s i t i v e  d i e l e c t r i c  a n i s o t r o p y  ( A E ) ,  i . e . ,  compounds 2-8  
( n e g l e c t i n g  compound I ) ,  l e a d s  t o  a dec rease  i n  the  N - I  and 
SA-N t r a n s i t i o n  t empera tu res ,  whereas r i n g  d e u t e r i a t i o n  of 
such compounds ( i . e . ,  A E  > 0) l e a d s  t o  an i n c r e a s e  i n  t h e s e  
t r d n s i  t i o n  t empera tu res .  The only e x c e p t i o n  t o  t h i s  
behav iour  i s  compound 9 .  In compounds w i t h  A E  < 0 ,  i . e . ,  
compounds 1 0 - 7 2 ,  cha in  d e u t e r i a t i o n  l e a d s  t o  an i n c r e a s e  i n  
t h e  l i q u i d  c r y s t a l l i n e  t r a n s i t i o n  t empera tu res .  

Although t h e s e  e f f e c t s  a r e  probably due t o  the  s m a l l e r  
p o l a r i s a b i l i t y  of  deuter ium compared w i t h  hydrogen, w e  a r e  
n o t  a b l e  t o  e x p l a i n  t h e  d a t a  i n  Table 1, p a r t i c u l a r l y  the  
s i g n  of AT. 
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DEUTBRIATED LIQUID CRYSTALS 79 

Tne s y n t h e s i s  o f  compound 2 has b e e n  p u b 1 i s h e d . l  The 
s y n t h e s e s  o f  o t h e r  d e u t e  r i a  t e d  4-n-a lkyl -4 '  -cyanob i p h e n y l  s 
w i l l  b e  p u b l i s h e d  e l s e w h e r e .  The r e m a i n i n g  compounds were 
p r e p a r e d  by normal s y n t h e t i c  r o u t e s ,  s t a r t i n g  w i t h  
c o m m e r c i a l l y  a v a i l a b l e  d e u t e r i a t e d  r e a g e n t s .  
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