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A NEW POLYMORPHISM VARIANT: NEMATIC - 
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Sekt ion  Chemie, Martin-Luther-Universitat 
Hal l e ,  GDR, Muhlpforte 1 ,  DDR-402 H a l l e  

(Submit ted f o r  p u b l i c a t i o n  February 7 ,  1980) 

Abs t r ac t  : 
benzoyloxy ] -benzylidene-4 *-cyanoani l ines  a r e  
presented .  Three of them e x h i b i t  a r e e n t r a n t  
nematic  phase.  For  t h e  decyloxy compound t h e  
v a r i a n t  of polymorphism N,, Sc SA N is. was 
found. 

Some homologous 4 [ 4-n-Alkyloxy- 

1 A s  r e  c en t 1 y r e p  o r  t ed 4[ 4-n -Q c t y 1 oxy b en zoy 1 oxyk 
benzylidene-4’-cyanoaniline e x h i b i t s  a r e e n t r a n t  ne- 

Now we p r e s e n t  some a d d i t i o n a l  members of  t h i s  homo- 
logous s e r i e s .  The subs t ances  were syn thes i zed  by 
condensa t ion  of 4-f orrqyl-phenyl 4*-alkyloxy-benzoa tes  
and 4-cyanoani l ine i n  e t h a n o l i c  s o l u t i o n .  The sub- 
s t a n c e s  were p u r i f i e d  by r e c r y s t a l l i z a t i o n  from e tha -  
n o l  o r  amylalcohol .  
The t r a n s i t i o n  tempera tures  observed wi th  a p o l a r i z -  
ing microscope a r e  g iven  i n  t a b l e  1.  

ma t i c  phase s i m i l a r  t o  t h e  analogous s t i l b e n e  293. 
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296 W. WEISSFLOG, G. PELZL, A. WIEGELEBEN and D. DEMUS 

n c r  

TABLE 1 

N r e  sC N is. 

4 . 137.5 - - . (101) . 299 . 
5 122 - - . (102) . 280 . 
6 . 115 - - ( 84) . 272 . 
7 115 - - . ( 68) . 265 . 
8 . 108 152 - . 198 . 255 . 
9 .  97 (. 94) - . 224 . 247 . 

10 100 (. 66 , 79) . 232 242 

c r  : s o l i d  c r y s t a l  The numbers a r e  the  
SA, S c :  smect ic  A ,  C 
N : nematic (OC) .  Brackets denote 
is. : i s o t r o p i c  monotropic phases. 

A s  seen from the  t a b l e ,  the  first f o u r  homologues 
show nematic phases with a l a r g e  temperature range 
and a l s o  metas tab le  SA phases. In the  octyloxy com- 
pound a d d i t i o n a l l y  a s t a b l e  r e e n t r a n t  nematic pha- 
se (Nre) occurs.  In the  fol lowing members of the  
homologous s e r i e s  9*10 metas tab le  r e e n t r a n t  nema- 
t i c  phases e x i s t ,  S u r p r i s i n g l y , i n  the  decyloxy de- 
r i v a t i v e ,  between the  r e e n t r a n t  nematic phase and 
t h e  S phase a smect ic  C phase appears.  To o u r  
knowledge t h i s  i s  the  f i rs t  case  t h a t  a smectic C 
l i q u i d  c r y s t a l  compound possesses  a s t r o n g  longi tu-  
d i n a l  d ipo le  moment. 

t r a n s i t i o n  temperatures 
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A NEW POLYMORPHISM VARIANT 291 

The i d e n t i f i c a t i o n  of  t he  SA and the  r e e n t r a n t  ne- 
mat ic  phase has  been made by t e x t u r e  observa t ion  and 
by t h e  s tudy  of m i s c i b i l i t y  with s u i t a b l e  r e f e r e n c e  
subs tances  . 
Unfor tuna te ly , the  Sc phase and a l s o  the  r e e n t r a n t  
nematic phase of t he  decyloxy compound could n o t  be 
i d e n t i f i e d  by m i s c i b i l i t y  s t u d i e s ,  because i n  the  
phase diagrams they always were sepa ra t ed  by o t h e r  
phases ( S A )  from the  corresponding phase r eg ions  of 
a r e f e r e n c e  subs tance .  
The occurrence of the  Sc phase is  i n d i c a t e d  by tex- 
t u r e  observa t ion :  This phase appears  e i t h e r  a s  a 
s c h l i e r e n  t e x t u r e  e x h i b i t i n g  only p o i n t s  wi th  f o u r  
dark brushes o r  a s  a broken fan-shaped t e x t u r e .  On 
coo l ing  t h e  Sc s c h l i e r e n  t e x t u r e ,  t he  r e e n t r a n t  ne- 
mat ic  phase shows a l s o  a s c h l i e r e n  t e x t u r e .  On cool -  
i n g  t h e  broken fan-shaped t e x t u r e  of Sc, t h e  nema- 
t i c  phase forms a paramorphic fan-shaped t e x t u r e .  
The same t e x t u r e  was a l s o  observed i n  t h e  nematic 
phase o f  t he  nonyloxy d e r i v a t i v e .  
The t r a n s i t i o n  Sc - r e e n t r a n t  nematic could be de- 
t e c t e d  by d i f f e r e n t i a l  scanning ca lo r ime t ry  ( see  
t a b l e  2 ) .  
A s  can be seen f u r t h e r  from the  t a b l e  2,  t he  t r a n s i -  
t i o n  e n t h a l p i e s  Nr,/SA and SA/N d i s t i n c t l y  i n c r e a s e  
from t h e  C8 t o  t he  C,o homologues. 
The new polymorphism v a r i a n t  was confirmed by e l ec -  
t r o o p t i c a l  i n v e s t i g a t i o n s .  The nematic high-tempera- 
t u r e  phase was o r i e n t e d  i n  a p l ana r  t e x t u r e ,  i n  which 
the  molecule d i r e c t o r  i s  a l igned  p a r a l l e l  t o  t he  sub-  
s t r a t e  s u r f a c e s .  On s lowly coo l ing  down]this d i r e c t o r  
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TABLE 2 

Transition Enthalpies (J mol-l) for the CBY C and 9 
C1 Homologues 

n melt. Nre/SC Sc/SA Nre/SA S A D  N/is. 
1 8 39660 - - 17.5 15 1396 

9 8350 - - 130 380 1600 

10 43000 47 50' - 800' 1600' 

'The transition peaks are not sharp and therefore 
the analysis is more difficult 

orientation remains in the SA, Sc and Nre phase. 
When an electric field is applied perpendicularly to 
the director of the N or Sc phase, a dielectric re- 
orientation (Fr6edericksz transition) occurs. It was 
found that the threshold voltage of the reorientation 
in the reentrant nematic phase was a little higher 
(2.5 Volts) than that observed in the high-temperature 
nematic phase ( 2 Volts). The threshold voltage of the 
Frdedericksz effect in Sc was found to be about 4 Volts. 
This threshold voltage is unusually low compared with 

of the high positive dielectric anisotropy. Further- 
more we could observe the typical optical pattern of 
Sc during the dielectric reorientation characterized by 
the occurrence of large homogenous regions with uniform 
interference colours . 
The new compounds presented here act as good electron 
acceptors and form with suitable liquid crystalline 

. Obviously this is the result other Sc substances 5 A 7  
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300 W. WEISSFLOG, G .  PELZL, A. WIECELEBEN and D. DEMUS 

e l e c t r o n  donators ,  e .g .  4,4 '-bis-[n-alkylamino) - 
biphenyls  s t a b l e  electron-donator-acceptor-(EDA) 
complexes. Whereas the  4-[ 4-n-alkyloxy-benzoyloxy) - 
benzylidene-4'-cyanoanilines a r e  s l i g h t l y  yellow and 
t h e  4,4!-bis-[n-alkylamino) -biphenyls a r e  c o l o u r l e s s ,  
t he  mixtures  of t hese  compounds become s t r o n g l y  y e l -  
l o w  due t o  t h e  charge t r a n s f e r  band i n  the  v i s i b l e  
reg ion .  This e f f e c t  i s  c l e a r l y  seen  i n  the  boundary 
l i n e  o f  a c o n t a c t  prepara t ion .  Fig.  1 shows the  i s o -  
b a r i c  diagram of s t a t e  o f  the  C - compoclnd and the  
4,  4t-bis-(n-hexylamino] -biphenyl con ta in ing  induced 
SB and SA phases  wi th  maxima i n  the  t r a n s i t i o n  curves.  
The d i f f e r e n t  concen t r a t ion  p o s i t i o n s  of the  two maxi- 
ma i n d i c a t e  t h a t  t he  concentrations a t  the  maxima m u s t  
n o t  always be i d e n t i c a l  w i t h  t he  composition of t h e  
complexes. Obviously by the  EDA i n t e r a c t i o n , t h e  longi -  
t u d i n a l  shifting of  molecules i s  r e s t r i c t e d  and there-  
f o r e  t h e  formation of smect ic  l a y e r s  i s  favoured. 
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