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Abs t rac t  
Two new se r ies  o f  compounds e x h i b i t i n g  nematic and 

smect ic  r e e n t r a n t  mesophases are presented here ; the f i r s t  
one i s  4-n-a1 koxy benzoyloxybenzyl idene 4'-cyanoani 1 i n e  
s e r i e s  the  second one the 1- (4-n-a1 k y l  benzoyloxyphenyl ) 
2- ( 4  ' -cyanophenyl ) ethane se r ies  . Isobar i c  b ina ry  phase d i  a- 
grams are p l o t t e d  f o r  each compound by means o f  t he  contac t  
method and the  mesophases so i d e n t i f i e d .  

I n t r o d u c t i o n  l s o b a r i  c phase diagrams o f  b ina ry  mixtures 1 Y 2 Y 3 Y 4 Y 5  and 
thermobarograms o f  some pure compounds6~7,8 o r  mix tures8 
show t h a t  i n  some mesogens t h e  succession o f  the  mesophases 
i s  nematic (N) , smectic A SA) and N. I sobar i c  hase diagrams 

t h e  ex is tence o f  a lower temperature SA phase, so the  succes- 
s i o n  o f  t he  mesophases i s  SA, N, s~~ N. 

We present  here two new ser ies  i n  which long-chain 
compounds e x h i b i t  the  nematic reen t ran t  phenomenon. 

of b i n a r y  m i x t u r e ~ 9 , 1 0 ~ 1 1 ~  1 2 and R-X s t u d i e s 4 ~ 1 5  l e t  appear 

I d e n t i f i c a t i o n  o f  the  reen t ran t  s t a b l e  o r  v i r t u a l  

=ries o f  compounds s tud ied  here, have the  
general f o l  1 owing formul a : 

Cn H2n+] 0 -  a- COO -@- CH = N -@- CN 
n = 6,7,8,9 
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'n H2n+1 -@- COO -a - CH2-CH2 -@ - CN 

n = 7,8 

The mesophases of these compounds, listed i n  Table I ,  were 
examined by differential scanning calorimetry (DSC 1 B  Perkin 
Elmer) and by observation with a polarizing microscope 
equipped w i t h  a programmable heating stage (Mettler FP 5) .  

The notations of the transitions are as following : 

Tm T T' T Ti 
K -  S A W  N c ,  S A - N -  I 

w i t h  Tm melting temperature, and Ti temperature of c lar i f i -  
cation. The microscopic observation of the SA-N transitions 
of the studied compounds i s  often uneasy because the two 
textures are perfectly homeotropi c . To visual i ze these 
transitions, the preparation i s  done on a roughed glass 
which, by means of the irregularities, induces defects in 
the texture, especially i n  the nematic phase. The insertion 
of a wave retardation plate, with i t s  neutral lines a t  45" 
from the principal sections of the polarizers, get the 
observation more easy. Very often the transition a t  the 
temperature T" i s  virtual and cannot be observed on super- 
cooled dropletsl4. These transitions are thus determined by 
the method o f  the b inary  isobaric phase diagramsl5. The 
mesophases were identified by means of the miscibility rules 
of the mesogensl6. 

Mi sci bi 1 i t v  results 

- The fol lowing compound : 

identified as S , SA N17. The "Sc" phase i s  in fact a N 
reentrant p h a ~ e ~ , l O s i 2 ~ ~ ~ .  Then true binary diagram of the 
compound nr 1 with : 

CN 

(see ref. 17) i s  plotted here (figure 1 ) .  The temperatures 
of transition and the enthalpies of compound nr 1 are 
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l i s t e d  i n  Table I .  This compound e x h i b i t s  success ive ly  the 
monotropic smectic A phase and enan t io t rop i c  nematic reen- 
t r a n t  phases : "napc l i  tean ice-cream type" l2 .  

- The mesophases o f  the  compound n r  4 are i d e n t i f i e d  by 
isomorphy w i t h  the  prev ious compound ( f i g .  2) ; the e u t e c t i c  
mix tu re  o f  these two compounds mel ts  a t  77"C, no SA-N t ran -  
s i t i o n  ( T " )  occurs when coo l i ng  the mix tu re  from the  nematic 
phase, be fore  the  r e c r y s t a l l i z a t i o n  a t  50°C. The TI' t r a n s i -  
t i o n  could n o t  be determined anymore by the method o f  the 
supercooled drop le ts .  

- The mesophases o f  the  compound n r  5 are i d e n t i f i e d  
w i t h  the compound n r  1 too  ( f i g u r e  3 ) .  The SA-N t r a n s i t i o n  
( T ' )  may be observed on supercool ing a t  T '  = 92°C. But the 
N-SA t r a n s i t i o n  (TI') cannot be observed d i r e c t l y  ; a la rge  
mosaic-textured mesophase appears by coo l i ng  and gives, by 
heating, the  reen t ran t  nematic phase a t  79°C. So the t r a n s i  
t i o n  T" can on ly  be obta ined by ex t rapo la t i on  from the SA-N 
sp ind le  i n  the  b ina ry  phase diagram ( f i g u r e  3 )  : T"  = 40°C. 

- The compounds n r  2 and n r  3 e x h i b i t  on l y  a s tab le  
nematic mesophase. The microscopic  observat ion o f  supercooled 
small drops o f  these compounds l e t  us determine a metastable 
SA-N t r a n s i t i o n  : f o r  the compound n r  2 T = 91°C and f o r  
the compound n r  3 T = 70°C. The N phase o f  n r  2 i s  isomor- 
ph i c  w i t h  the  two nematic phases o f  n r  1 ; a s tab le  low tem- 
perature SA phase appears i n  t h e i r  b ina ry  diagram over the  
e u t e c t i c  p o i n t  ( q u i t e  r e c t i l i n e a r  s p i n d l e l d ) .  The N phase of 
n r  3 i s  isomorphic w i t h  the  two nematic phases o f  n r  4. I n  
these two diagrams, a smectic A area i s  separated by a s i n -  
d l e  admi t t i ng  a tangent p a r a l l e l  t o  the temperature ax i s  P 8. 

- The mesophases o f  the  compound n r  719 are i d e n t i f i e d  
from these o f  the  compound n r  5 ( f i g u r e  4) .  Supercooled 
d rop le ts  o f  t he  former c r y s t a l l i z e  always before the  T '  t r an -  
s i s t i o n  so t h i s  temperature i s  deducted from the b ina ry  pha- 
se diagram o f  the f i g u r e  4 : T '  = 72°C. 

- The mesophase o f  the compound n r  6 i s  i d e n t i f i e d  by 
isomorphy w i t h  t h a t  o f  the compound n r  5 ( f i g u r e  5 ) .  This 
diagram confirms the ex is tence of  the nematic reen t ran t  
mesophase o f  t he  compound n r  5 and shows t h a t  f o r  the  com- 
pound n r  6 the  T temperature i s  lower than 40°C. 

A l l  the  obta ined r e s u l t s  are l i s t e d  i n  the  t a b l e  I .  

Discussion 
T h e C F e - r i e s  o f  compounds presented here e x h i b i t  the 
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N r e e n t r a n t  phenomenon. In the 4-n-a1 koxybenzoyloxybenzyl i - 
dene-4I-cyanoaniline series, the 4-n-octyloxy compound i s  N 
r e e n t r a n t  s t a b l e ,  the 4-n-nonyloxyY N r e e n t r a n t  metas tab le .  
In the l a t e r  compound a SA v i r t u a l  mesophase exists a t  
temperature  lower than the N r een t r an t  mesophase. In the 
1- (4-n-a1 kyl benzoyl oxyphenyl ) 2- ( 4  ' -cyanophenyl ) ethane 
series, the n-octyl i s  N r e e n t r a n t  v i r t u a l .  

t i c a l l y  i n  the series w i t h  the fol lowing general formula : 
So a c t u a l l y  the N r e e n t r a n t  phenomenon appears systema- 

R@ C O O a -  X -n CN 

w i t h  R = n-a1 kyl o r  n-a1 koxy and X beeing a s i n g l e  bond8 
an e thy len ic l2 ,  ace ty l en ic l0 ,21  , azo20, azomethine o r  
e thane  bond. 
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