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NEW SERIES EXHIBITING PURE ENANTIOTROPIC NEMATIC 
REENTRANT COMPOUNDS AT ATMOSPHERIC PRESSURE 

NGUYEN HUU TlNH and H .  GASPAROUX 
Cen t re  de Recherche PAUL PASCAL - 
Domaine U n i v e r s i t a i r e  - 33405 Talence Cedex, France 

(Submit ted f o r  pub1 i c a t i o n  Apr i  I 4, 1979) 

ABSTRACT: Some d e r i v a t i v e s  o f  an homologous s e r i e s  
o f  4-a I koxy-benzoy loxy-4 ' -cyanoto l  anes a r e  synthe- 
s i zed .  Two o f  them e x h i b i t  a s t a b l e  nemat ic  r e e n t r a n t  
phase a t  a tmospher ic  pressure.  

INTRODUCTION: Some r e e n t r a n t  nemati  c phases have been 
r e c e n t l y  desc r ibed  i n  b i n a r y  m i x t u r e s 1  but ,  up t o  now, 
o n l y  one pu re  substance w i t h  t h i s  t y p e  o f  d iagram a t  
a t m s p h e r i c  p ressu re  has been p ~ b l i s h e d . ~ , ~  
p h e n y l - r i n g  compound w i t h  a s t r o n g  d i p o l a r  moment s u b s t i -  
t u e n t 4  w i t h  t h e  f o l  l ow ing  formula and t r a n s i t i o n  tempera- 
t u r e s .  

I t  i s  a t h r e e  

C8H I 1 0 G C O O - @ H = C H - @ d  

K 96 SA (96 )  N 138 SA 247 N 281 I 

s e r i e s  w i  
f i n d  new 
In  connec 
s e r i e s  o f  

A s y s t e m a t i c  s tudy  o f  t h e  d i f f e r e n t  p r o p e r t i e s  of t h i s  
I be p u b l i s h e d  e l ~ e w h e r e . ~  
i q u i d  c r y s t a l  fami I i e s  w i t h  t h e  same p r o p e r t i e s .  
i on  w i t h  t h i s ,  we have p repared  an homologous 
new compounds w i t h  t h e  f o l  lowing fo rmu la :  

Our p r o j e c t  was t o  

'nH2n+ I O @ O O @ ? C O C N  

RESULTS AND DISCUSSION: The d i f f e r e n t  t r a n s i t i o n  tempera- 
t u r e s  observed w i t h  a p o l a r i z i n g  microscope and by 
d i f f e r e n t i a l  scanning c a l o r i m e t r y  a r e  g i v e n  i n  t h e  
f o l l o w i n g  Table.  

The temperatures a r e  i n  Ce ls ius ;  K = c r y s t a l  phase; 
SA = smec t i c  A phase; N = nemat ic  phase; I = i s o t r o p i c  
phase; . = The phase i s  a r e a l  one; - = t h e  phase i s  n o t  
observed; ( = monotrop ic  t r a n s i t i o n s ;  TNA, TNI a r e  
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n K  

6 

TABLE : T r a n s i t i o n  temperatures 
t h e  g e n e r a l  f o r m u l a  : C H 

n 2 n + l  

S N N I T ~ ~ /  
sA A 

TNI . 113 - - . (1071 . 268 . 0.70 

r e s p e c t i v e l y  t h e  tempera tu re  i n  K e l v i n  of  a smec t i c  A - 
nemat ic  o r  a 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  a t  t h e  h i g h e s t  
temperature.  

The f i r s t  t h r e e  d e r i v a t i v e s  (n=6, 7, 8 )  e x h i b i t  o n l y  a 
smec t i c  A and a nemat ic  phase, b u t  t h e  nonyloxy d e r i v a t i v e  
p r e s e n t s  a s t a b l e  r e e n t r a n t  nemat ic  phase; below t h i s  nema- 
t i c  phase and from 75.7OC, ano the r  smec t i c  A phase i s  
observed (mono t rop i c  phase).  F i n a l l y ,  l e t  us p o i n t  o u t  
t h a t  t h e  decy loxy d e r i v a t i v e  p resen ts  o n l y  t h r e e  phases 
w i t h  i n c r e a s i n g  temperature:  N, SA, N. The i d e n t i f i c a t i o n  
o f  t hese  phases has been made u s i n g  seve ra l  t echn iques .  

OPTICAL TEXTURE OBSERVATIONS: On c o o l i n g  t h e  i s o t r o p i c  
l i q u i d  o f  t h e  nonyloxy d e r i v a t i v e  one can obse rve  t h e  
nemat ic  phase w i t h  a c l a s s i c a l  t h r e a d - I  i k e  t e x t u r e .  Below 
t h i s  nemat ic  phase t h e  smec t i c  A phase w i t h  a f o c a l  c o n i c  
o r  h o m o t r o p i c  t e x t u r e  appears. On f u r t h e r  c o o l i n g  ano the r  
t h r e a d - l i k e  t e x t u r e  i s  observed f o l l o w e d  by a f o c a l  c o n i c  
and h o m o t r o p i c  phase. 

ISOMORPHISM: The i d e n t i f i c a t i o n  o f  t h e  s m c t i c  A phase 
o f  t h e  o c t y l o x y  d e r i v a t i v e  has been made by t h e  m i s c i b i  I i t y  
method w i t h  t h e  SA phase o f  t h e  4-cyano-4'-heptyloxy- 
b e n z o y l o x y s t i  Ibene4 ( F i g u r e  I ) .  
N, SA phases o f  t h e  nonyloxy d e r i v a t i v e  have been checked 
w i t h  t h e  m i s c i b i  I i t y  of t h e  f o u r  co r respond ing  phases of 
t h e  4-cyano-4I-octy l oxybenzoy loxys t i  lbene2p3 ( F i g u r e  2). 

The success ive N, SA, 
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T' 
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FIGURE 1 Diagram of isobaric state f o r  the mixture 
of 

C B H , 7 0 G C O C @ C  E C G C N  (on left1 with 

C 7 H 1  @OO@C# = C G C N  ( o n  right1 
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FIGURE 2 - Diagram of i s o b a r i c  s t a t e  f o r  t h e  
rn fx t l i r e  o f  

CgHI9 O B C O O 8 C  E C G C N  (on l e f t )  w i t h  

‘ B H l  7 0 o COO o CH = C H G C N  [ o n  r i g h t )  
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The importance o f  t h e  mo lecu la r  l eng th  and of  t h e  
s t r o n g  d i p o l e  moment (-CN f o r  i n s t a n c e )  r e s u l t  i n  t h e  
fo rma t ion  o f  b i m o l e c u l a r  layers.  The r e e n t r a n t  phenomenon 
i t s e l f  w i l l  be d iscussed e lsewhere as w e l l  as t h e  absence6 
of t h e  c o r r e l a t i o n  between t h e  TNA/Tbr~ McMi I Ian parameter 
and t h e  hea t  of  t r a n s i t i o n .  

CONCLUSION: Some pu re  p roduc ts  o f  a new l i q u i d  c r y s t a l  
s e r i e s  w i t h  t h r e e  benzene co res  e x h i b i t  a r e e n t r a n t  nemat ic  
phase a t  a tmospher ic  pressure.  
w i l l  be Dub l i shed  elsewhere. 

The complete s y n t h e s i s  
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