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REENTRANT NEMATIC MIXTURES +) 

B. ENGELEN G. HEPPKE xx), R. HOPF xx) and F. SCHNEIDER 

Fachbereich Chemie d e r  Gesamthochschule Siegen, 
Postfach 210209, 5900 Siegen 2 1 ,  Germany x) 

I n s t i t u t  f .  Anorg. u. Analyt. Chemie de r  Technischen 
Un ive r s i td t  Be r l in ,  S t r .  d. 17. Jun i  135, 
1000 Ber l in  12, Germany xx) 
(Submitted for publication January 2,1979) 
Binary mixtures  of  some te rmina l  non-polar l i q u i d  crystals 
wi th  t h e  t w o  t e rmina l  p o l a r  l i q u i d  c r y s t a l s  4-cyano-4'-n- 
octyloxy-biphenyl (8 CBP) and 4-cyano-benzylidene-4 '-n- 
oc ty loxyan i l ine  (CBOOA) exhibit r e e n t r a n t  nematic phases. 
The phase diagram o f  t h e  system 5 CBP/CBOOA i n d i c a t e s  t h a t  
t h e  pure components show t h i s  e f f e c t  too. X-ray da ta  on 
l a y e r  th ickness  and t r a n s i t i o n  en tha lp i e s  are presented.  

I t  is  gene ra l ly  assumed t h a t  the nematic phase i s  t h e  
high-temperature phase w i t h  respect t o  t h e  possible smectic 
modi f ica t ions  of a p a r t i c u l a r  l i q u i d  c r y s t a l  (1) .  However, 
r e c e n t  i n v e s t i g a t i o n s  (2 ,3)  a t  h igh  pressure have shown t h a t  
some te rmina l  p o l a r  l i q u i d  c r y s t a l s  exh ib i t i ng  b i l a y e r  smec- 
t i c  A phases produce a nematic phase upon cool ing  which i s  
c a l l e d  r e e n t r a n t  nematic. A t  normal p re s su re  only  one b inary  
mixture  of  t w o  t e rmina l  p o l a r  l i q u i d  c r y s t a l s  has  been re- 
po r t ed  so f a r  t o  b e  r e e n t r a n t  nematic ( 4 ) .  

I n  our  s t u d i e s  o f  mixtures of  te rmina l  non-polar and 
te rmina l  polar l i q u i d  c r y s t a l s  w e  observed smectic A phases 
w i t h  enhanced thermal s t a b i l i t y  (induced smectic phases) (5-7). 
Some of  t hese  mixtures  showed a nematic phase gap between t h e  
induced S phase and t h e  S phase o f  t h e  pure te rmina l  polar 
component. A c a r e f u l  i nves t iga t ion  o f  t hese  diagrams using t h e  
con tac t  method revealed t h a t  even a t  low temperatures two 
smectic reg ions  e x i s t .  Furthermore, t h e  nematic phase region 
broadens aga in  producing a r e e n t r a n t  nematic a t  least f o r  t h e  
more p o l a r  mixtures  ( t a b l e  1 ) .  I n  a f e w  cases a r een t r an t  
nematic w a s  found below the induced smectic A phase as w e l l .  

A A 

+) Presented a t  t h e  Seventh I n t e r n a t i o n a l  Liquid C r y s t a l  
Conference, Ju ly  1-5, 1978, Bordeaux (France) 
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REENTRANT NEMATIC MIXTURES 195 

The phase diagrams of t he  two systems 4.0-c/g CBP and - 
8.0.5/CBOOA ( f o r  compounds see t ab le  1) were s tudied i n  de- 
t a i l  by DSC measurements (Perkin E l m e r  DSC-2) and with a 
polaEi5ing microscope ( f ig .  1 and 2). The phase diagram of 
4,0-6/8 CBP ( f ig .  1) was earlier presented i n  a paper by 
Oh (8) but no broadening of t h e  nematic gap with decreasing 
temperature w a s  reported. As i n  t he  other  phase diagrams t h e  
t r a n s i t i o n  temperatures t o  t h e  reentrant  nematic phase l i e  
below t h e  l iquidus curve, so t h a t  only supercooled r een t r an t  
nematic samples can be investigated.  

The extrapolat ion of t he  phase t r a n s i t i o n  temperatures 
smectic-reentrant nematic t o  the  pure 8 CBP ( f ig .  1 )  and t h e  
pure CBOOA ( f ig .  2) i nd ica t e s  t h a t  t h e  terminal polar  com- 
ponents themselves should exh ib i t  monotropic r een t r an t  nema- 
t ics.  This w a s  confirmed by t h e  observation of r een t r an t  
nematics i n  mixtures of t h e  two terminal polar  l i q u i d  c r y s t a l s  
( f ig .  3)  which give a very simple phase diagram. The tempera- 
t u r e s  of a l l  mesomorphic phase t r a n s i t i o n s  a r e  l i n e a r l y  de- 
pendent on t h e  composition. An extrapolat ion gives 37.5 C 
and 8 
t r a n s i t i o n s  of t he  pure CBOOA and 3 CBP, respectively.  

0 
0 

C f o r  t h e  monotropic reentrant  nematic-smectic A phase 

Despite t h e  f a c t  t h a t  upon cooling there  should be a loss 
of longe range smectic order.we found the  t r a n s i t i o n  enthalpies  
t o  have the  same sign as  t h a t  of t h e  normal nematic-smectic A 
phase t r a n s i t i o n s  ( f ig .  4 ) .  The enthalpy values a re  of the  
same order of magnitude as t h a t  of t h e  pure components which 
are known t o  exh ib i t  nearly second order  N-S phase t r ans i -  
t ions.  

A 

For t h e  system ~.0*5/CBOOA (see f i g .  2) t he  dependence of 
t h e  smectic l aye r  thickness on t h e  mole f r ac t ion  was obtained 
from X-ray measurements on magnetically ordered samples ( f ig .  5 ) .  
I n  order  t o  avoid s t rong supercooling of t he  samples we chose 
the  temperatures indicated by the dot-dash l i n e  i n  f i g .  2. 
A t  low concentrations the layer  thickness i s  a l i n e a r  function 
of t h e  composition of t h e  terminal polar  component CBOOA. An 
extrapolat ion t o  pure CBOOA y ie lds  a value which corresponds 
closely t o  t h e  molecular length 1 = 2.7 nm of CBOOA. This 
ind ica t e s  a monolayer i n  t h e  induced smectic A phase up t o  
equimolar composition. A t  higher concentrations of CBOOA t h e  
l aye r  thickness increases s t rongly towards the  b i l aye r  spacing 
of CBOOA (3.5 nm). 

In  t h e  nematic phase region the  X-ray r e f l ec t ions  become 
s l i g h t l y  more d i f fuse  but no discont inui ty  is observed a t  t h e  
nematic-smectic phase t r ans i t i ons .  The curve is  very similar 
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RENTRANT NEMATIC MIXTURES 197 

t o  those obtained on systems with non-interrupted induced 
smectic phases (6,7). Obviously the  s i z e  of t h e  cybotact ic  
groups i n  the nematic phase is r a the r  large.  Hence very weak 
t r a n s i t i o n s  are an t i c ipa t ed  and i n  f a c t  we were not  able t o  
detect the  N-S phase t r a n s i t i o n s  by DSC measurements f o r  
compositions near the nematic gap. Furthermore, no temperature 
dependence of t h e  layer  thickness w a s  found f o r  samples with 
compositions corresponding t o  the  nematic gap and t o  t h e  
maximum thermal s t a b i l i t y  of t h e  induced smectic phase. 

A 

As regards t h e  system sCBP/CBOOA a sample of equimolar 
composition was invest igated by X-ray measurements.-In 
agreement with the r e s u l t s  obtained f o r  t h e  system 8-0.5/CBOOA 
( f ig .  5) no temperature dependence of t h e  layer  thickness was - found i n  the  e n t i r e  N-SA-N temperature region of t h e  
8 CBP/CBOOA mixture. The value Ebtained (3.35 nm) corresponds 
t o  the mean l aye r  thickness of 8 CBP (3.1 nm) and CBOOA (3.5 nm) 
which shows t h a t  t h e  smectic b i l aye r  s t r u c t u r e  of t he  two 
components i s  maintained i n  these mixtures. 

The invest igat ion of o the r  compounds with a tendency t o  
produce r een t r an t  nematics i s  i n  progress i n  order  t o  obtain 
mixtures with enant iotropic  reentrant  nematic phases (9 ) .  

This work w a s  supported by t h e  Ministerium fiir Wissen- 
s c h a f t  und Forschung des Landes Nordrhein-Westfalen, t h e  
Senator fiir Wirtschaft  des Landes Berlin and t h e  Deutsche 
Forschungsgemeinschaft. 
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