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REENTRANT NEMATIC AND SMECTIC C PHASES I N  BINARY 
SYSTEMS OF 4- ( 6-CYANETHYL) -PHENYL 4-n-ALKYLOXY- 
CINNAMA TES 

G PELZL, S DIELE, A WIEGELEBEN, AND D DEMUS 
Sek t ion  Chenrie der Martin-Luther-UniversitZt, 
HalZe-Wittenberg, GDR, M & Z p f o r t e  I ,  DDR-4020 HaZZe 

( S u b m i t t e d  f o r  p u b l i c a t i o n  S e p t e m b e r  2 5 ,  1980) 

A b s t r a c t :  I n  b inary  systems of 4-(@-cyanethyl)-phenyl 
4-n- a1 ky 1 oxy c i  nnama t e s r e e n t r a n t  nematic and r e e n t r a n t  
smect ic  C phases  occur .  I n  t h r e e  systems s tudied  the  
phase sequences S c  Nre SA N IS and SC(re) N r e  SC SA N 1s 
were found. 

Cladis  f i r s t  observed t h a t  b ina ry  mixtures  of p-cyan0 
s u b s t i t u t e d  azomethines' and cyanoalkylbiphenyls '  show the  
fol lowing phase sequence wi th  decreas ing  temperature:  
nematic(N),  smect ic  A (SA) and aga in  nematic.  The low 
temperature  nematic phase w a s  c a l l e d  " reent ran t"  nematic  
phase (Nre).  
phases  a l s o  i n  b inary  mixtures  of te rmina l  po la r  l i q u i d  
c r y s t a l s  and te rmina l  non-polar l i q u i d  c r y s t a l s .  We p resen t  
f i r s t  i n v e s t i g a t i o n s  about 4-(B-cyanethyl)-phenyl 4-n-alkyl- 
oxycinnamates which show a s t rong  tendency t o  form r e e n t r a n t  
phases i n  b ina ry  mixtures .  The lower members of t h i s  
homologous s e r i e s  e x h i b i t  nematic  phases;  t he  h ighe r  
homologues possess  a d d i t i o n a l  smect ic  phases (Table 1 ) .  

La te r  on Engelen e t  aZ.3 found r e e n t r a n t  nematic 

4 

We have s tud ied  the  diagrams of s t a t e  of b ina ry  systems by 
means of t he  con tac t  method5 and by i n v e s t i g a t i o n s  of 
s i n g u l a r  concent ra t ions .  Combining a nematic homologue of 
the  s e r i e s  wi th  a homologue e x h i b i t i n g  S c  SA o r  Sc SA N 
polymorphism, analogous diagrams were obtained (see  
Figures  1-3). The common f e a t u r e  of t hese  diagrams i s  the  
concave curva ture  of t he  SA-N t r a n s i t i o n  curve and the  convex 
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n 
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8 

10 

1 2  

G .  PELZL, S. DIELE, A. WIEGELEBEN, and D. DEMUS 

Table 1 

C r  SC S A N Is 

' 6 4 x ;  71.5 - - 109.2 

71.5x; 87.2 - - 108.2 

6Bx; 72  ( 0  58) 109 109.5 

7 3 . P ;  a2 ( 0  58) 1 1 7  - 

C r  s o l i d  c r y s t a l  
SA, Sc smectic A resp.C 
N nematic 
Is i s o t r o p i c  l i q u i d  

The numbers between the  phase symbols are the  t r a n s i t i o n  
temperatures  (OC) . Brackets  denote metastable  phases.  

Xmelting p o i n t s  of metas tab le  s o l i d  modi f ica t ions .  

curva ture  of t he  SC-N curve wi th  r e spec t  t o  the temperature 
ax i s .  Comparing the  diagrams of s t a t e  i n  Figures  1-3, w e  
can d e r i v e  t h a t  t he  ex i s t ence  range of smect ic  phases 
genera l ly  increases  wi th  inc reas ing  chain lengths  of t h e  
components i n  the  b inary  system. The complicated shape of 
t he  SA-N and SC-N curves g ives  r ise t o  t h e  occurrence of 
r e e n t r a n t  nematic and r e e n t r a n t  smect ic  C phases (SC(re)) .  

Addi t iona l ly  t o  t h e  we l l  known sequence Nre SA N i n  a l l  
diagrams, t he  unusual sequences SC Nre  SA N and 
Sc(re) N r e  S c  SA N were found. 
occur i n  a l imi t ed  concent ra t ion  range. 
SA and Nre  i s  r e l a t i v e l y  small  ( 0 , 3 - 3  K ) .  
(except  f o r  Figure 3 ) ,  t h e  S C ( ~ ~  

Nre and Sc resp.  Sc( re)  phases a r e  no t  very d i f f e r e n t ,  these  
phases could be d i s t ingu i shed  by the  d i f f e r e n t  behaviour 
a f t e r  mechanical and d i e l e c t r i c  deformations.  Furthermore , 
the  t r a n s i t i o n s  were c l e a r l y  ind ica t ed  by the  appearance of 
a t r a n s i t i o n  f r o n t .  The phase t r a n s i t i o n s  were examined by 

The unusual phase sequences 
The Sc range between 

I n  most cases  
phase could be de tec ted  

only by rap id  supercool ing.  A l t  h ough the  t ex tu res  of the  
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REENTRANT NEMATIC AND SMECTIC C PHASES 165 

d i f f e r e n t i a l  scanning ca lo r ime t ry  (DSC2 Perkin-Elmer) . I n  
p r i n c i p l e ,  a l l  phase t r a n s i t i o n s  found by o p t i c a l  observa t ions  
could be de t ec t ed  a l s o  by ca lo r ime t ry ,  except  t he  t r a n s i t i o n  
Nre-SC. This  i s  obviously caused by t h e  f a c t  t h a t  t h e  SC range 
between N r e  and SA i s  too  small .  
t he  t r a n s i t i o n  e n t h a l p i e s  i s  shown i n  Table  2 .  

The order  of magnitude of 

Table 2 

AH/ Jmol- 50 100-300 100-250 500 2800 

Because the  metas tab le  S c  phases of t h e  pure substances ( C S ,  
C l o y  C12) c r y s t a l l i z e  qu ick ly ,  t he  X-ray i n v e s t i g a t i o n s  were 
performed on an equimolar mixture  of the  C g  and C l o  compounds 
i n  which the  S c  phase could be supercooled about 10 K.  
According t o  pre l iminary  measurements t he  l aye r  spacing d i n  
the  SA as w e l l  as SC phases  i s  d i s t i n c t l y  l a r g e r  than the  
average length  2 of t he  C g  and C l o  molecules i n  i t s  most 
s t r e t c h e d  conformation. The r a t i o  d / l  was found t o  be about 
1 .14 .  This  behaviour  i s  c h a r a c t e r i s t i c  of those  molecules 
which possess  a s t rong  po la r  head group (CN) on the  one end 
and a non-polar a l i p h a t i c  t a i l  on the  o t h e r  e n d . 6 y 7  
s p e c i a l  molecule s t r u c t u r e  leads  t o  a kind of b i l a y e r  
s t r u c t u r e  wi th  i n t e r d i g i t a t e d  molecules i n  each l aye r .  
F i n a l l y  
4-n-alkyloxycinnamates form r e e n t r a n t  nematic and smect ic  
phases  i n  b ina ry  mixtures  wi th  a g r e a t  number of l i q u i d  
c r y s t a l s  possess ing  q u i t e  d i f f e r e n t  chemical s t r u c t u r e s .  
These r e s u l t s  w i l l  be publ ished elsewhere.  

This  

i t  should be noted t h a t  t h e  4-(@-cyanethyl)-phenyl 

Acknowledgement: 
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FIGURE 1 
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NOTE: I n  each of the f igures ,  the melting curve 
drawn re la tes  t o  tha t  sol id  modification 
which was obtained i n  a large concentration 
range. The dotted curves indicate phase 
t rans i t ions  i n  the supercooled s t a t e .  
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