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FERROELECTRIC Sc* PHASE I 1.J SOME BENZOATE SERIES* 

NGWEN HUU TINH, C .  SALLENEWE, A .  BABEAU, J.M. GALVAN, 
C .  DESTRADE 
Cen t re  de Recherche Paul  P a s c a l ,  U n i v e r s i t g d e  Bordeaux1 
33405 Talence  Cedex, France  

A b s t r a c t  S e v e r a l  homologous benzoate  s e r i e s w h i c h e x h i -  
b i t  f e r r o e l e c t r i c  smec t i c  S c  phaseshave  been  s y n t h e s i -  
zed.The used c h i r a l  a c i d  c h a i n s  were p repa red  from com- 
m e r c i a l l y  a v a i l a b l e  a-amino a c i d s .  The series a l low us 
t o  de te rmine  t h e  i n f l u e n c e  o f t h e  s i z e  o f t h e  s u b s t i t u e n t  
of t h e  c h i r a l  carbon on t h e  e x i s t e n c e  and t h e  s t a b i l i t y  
of  t h e  SC* phase.  They a l s o  g ive  some compounds o r  mix- 
t u r e s  which d i s p l a y  h igh  spontaneous p o l a r i z a t i o n .  

* 

INTRODUCTION 

S ince  t h e  d i scove ry  of f e r r o e l e c t r i c i t y  i n c h i r a l s m e c t i c  SC* 

phase by R .  Meyer e t  a l l  i n  1975 and t h e  p roposa l  of v a r i o u s  

types  of e l e c t r o - o p t i c  dev ices  wi th  a h igh  response  speed2 3 ,  

t h e  s e a r c h  of new f e r r o e l e c t r i c  l i q u i d  c r y s t a l s w a s  a c c e l e r a -  

t e d .  Seve ra l  phenyl benzoa te  and cinnamate s e r i e s  w i t h  c l a s -  

s i c a l  cha ins  - (CH2)- eH - CH2 - C H 3  (ob ta ined  from t h e  com- 
n l  

m e r c i a l l y  a v a i l a b l e  (S )  (-) 2-methyl- I-butanol) have been  repor-  

t e d 4 - I 0 .  Recent ly  K .  Yoshino e t  a l l 1 ,  C .  Bahr e t  a l l 2  and 

G.  Anderson e t  a l l 3  have r e p o r t e d  t h e  b ipheny l  and benzoa te  

s e r i e s  w i th  t h e  c h i r a l  c h a i n s  o b t a i n e d  from t h e  o p t i c a l l y  

a c t i v e  a-amino a c i d s .  These compounds d i s p l a y  a h i g h  sponta-  

neous p o l a r i z a t i o n .  I n  o r d e r  t o  o b t a i n  o t h e r  m a t e r i a l s  w i th  

CH3 

*Presented  a t  the  Vth European Winter L iqu id  C r y s t a l  Confe- 
r e n c e ,  Borovetz (Bu lga r i a )  25-30 March 1987. 
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148 N .  H. TINH et al. 

t h i s  p rope r ty  and t o  s tudy  t h e  i n f l u e n c e  of t h e  s u b s t i t u e n t  

s i z e  and p o l a r i t y  on t h e  c h i r a l  carbon atom on t h e  e x i s t e n c e  

and t h e  s t a b i l i t y  of  t h e  SC 
* 

phase ,  we have s y n t h e s i z e d  two 

c h i r a l  s e r i e s  which be long  t o  t h e  

where X = - C H 3 ,  - C R ,  - B r  

R = - C H  - C H 3  ( a )  ; - $ H  - 
I I 
CH3 CH3 

RESULTATS AND DISCUSSION 

The compounds of t h e  two s e r i e s  I 

wing t h e  scheme : 
- 

g e n e r a l  formulae : 

* 
OOC - CH - CH2 - CH3 I 

I 
X 

- 
* 

OOC - CH - R TI 
I 
CR 

- 

E t  ( b )  ; -CH2 - CH -CH3 (c)  
I 
CH3 

and I1 were p r e p a r e d f o l l o -  
Y 

OCH2-$Pyridin$ R ' O-@O,-@OCHp$ 

H2, Pd/C 

R-CH-CO2H J A c e t i c  a c i d  
I 

I o r  I1 - * 

where R '  = C,Hzn+l 

* 
The a c i d s  R - C H - C O O H  wi th  X = CR, B r  were o b t a i n e d  

I 
X 

from t h e  cor responding  a-amino a c i d s  a t  f i r s t  w i t h  concen- 

t r a t e d  HNO3 and t h e n  wi th  concen t r a t ed  HCR o r  H B r .  

A l l  t h e  compounds were p u r i f i e d  by chromatography on 

s i l i c a  g e l  w i t h  to luene  as e l u e n t  and r e c r y s t a l l i z e d  from 

a b s o l u t e  e t h a n o l .  They a r e  mesogenic and most of t h e m e x h i b i t  

t h e  f e r r o e l e c t r i c  smec t i c  C* phase .  The t r a n s i t i o n  tempera- 
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FERROELECTRIC Sc* PHASE IN SOME BENZOATE SERIES 149 

t u r e s  were determined b o t h  by microscopic  o b s e r v a t i o n  and 

D S C  measurements. The s t r u c t u r e  of t h e  mesophases was iden- 

t i f i e d  by t h e i r  t e x t u r e s  and by c o n t a c t  method. 

S e r i e s  I C n H 2 n + 1 0  0 COO 0- OOC - EH - C H 2  - C H 3  I 
I 
X 

The t r a n s i t i o n  tempera tures  and mesomorphic p r o p e r t i e s  

of  compounds I a r e  l i s t e d  i n  Table I - 
TABLE I T r a n s i t i o n  tempera tures  ( " C )  of compounds I 

* 

n X K  

9 CH3 . 49 

12 C H 3  . 5 3  

10 CR . 48  

12 CR . 5 2  

9 B r  . 66 

12 B r  . 7 4  

The mean 

fo l lowing  a r e  

* * * 
sH G sC sA S N* 

- - - ( .  4 6 )  . 53 

- - . 60 ( .  5 2 )  - 
(. 36) . 5 3  - . 77 

( .  4 2 )  . 5 3  - . 79.5 - 
- - (. 4 8 . 5 )  (. 6 0 )  (. 6 3 )  

5 -  (. 4 4 )  (. 70) - 

- 

- 

ng of t he  s i g n s  used i n  t h i s  Table and t h e  

I 

K : c r y s t a l  phase . = t h e  phase e x i s t s  

S : smect ic  phase A ,  C ,... - = t h e  phase i s n o t  observed 

N* : c h o l e s t e r i c  phase 

I : i s o t r o p i c  phase 

* 

( )  = monotropic phase 

With the  sma l l  s i z e  X = C R ,  t h e  mesomorphic range  of 

t he  compounds i s  h ighe r  t h a n  t h a t  w i th  X = CH3 o r  B r .  On t h e  

o t h e r  hand, t h e s e  d e r i v a t i v e s  do not  e x h i b i t  t h e  f e r r o e l e c -  

t r i c  Sc* phase bu t  they  d i s p l a y  t h e  SA phase and t h e  more 

ordered  smect ic  phases ( S G  

c h a i n ,  t h e  d e r i v a t i v e s  having  t h e  formula : 

* 
and SH*).With t h e  s h o r t  c h i r a l  
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IS0 N .  H .  TINH et al. 

n =  9 K 92  (S, 8 4 )  I 

n = 12 K 89 (SA 80) I 

a l s o  do not  show t h e  Sc* phase and t h e  SA phase i s  on ly  me- 

t a s t a b l e .  

When X = CH3 having  roughly  t h e  same s i z e  t h a n  t h a t  of  

c h l o r i n e ,  t h e  mesomorphic range  i s  s h o r t e r  b u t  one can  ob- 

s e r v e  t h e  e x i s t e n c e  of t h e  Sc* phase .  With t h e  b i g g e s t  s i z e  

X = B r ,  t h e  observed mesophases (SA,  SC* and/or  N ) a r e  only  

me tas t ab le .  

* 

Then wi th  t h e  s e r i e s  I ,  we must p o i n t  ou t  t h a t  : 

- t he  c l e a r i n g  p o i n t  i n c r e a s e s  wi th  t h e  p o l a r i t y  of X 

- t h e  mesomorphic range  d e c r e a s e s  wi th  t h e  s i z e  of  X 

- t h e  e x i s t e n c e  of SC* phase i s  depres sed  wi th  t h e  

smal l  s i z e  and t h e  h igh  p o l a r i t y  of X 

I1 
.-- 

Table 11 g ives  t h e  t r a n s i t i o n  t empera tu res  and mesomor- 

p h i c  p r o p e r t i e s .  Most of t h e s e  compounds d i s p l a y  t h e  metas ta -  

b l e  f e r r o e l e c t r i c  Sc* phase .  The d i f f e r e n c e  on t h e  molecular  

s t r u c t u r e  between t h e s e  d e r i v a t i v e s  and those  of s e r i e s  I 

(X = CL) l i e s  i n  t h e  s t e r i c  h ind rance  of  t h e  group R which : 
- 

* 
- f a v o r s  t h e  e x i s t e n c e  o f  t h e  Sc 

- dec reases  t h e  mesomorphic range  

- i n c r e a s e s  t h e  spontaneous p o l a r i z a t i o n  because  t h e  

phase 

p o l a r i t y  of CR i s  h igh  and t h i s  s t e r i c  h ind rance  pre-  

ven t s  t h e  f r e e  r o t a t i o n  round t h e  bonding of c h i r a l  

carbon atom and t h a t  of - C O O - .  
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FERROELECTRIC Sc' PHASE IN SOME BENZOATE SERIES 15 1 

n 

9 

12 

8 

9 

10 

1 1  

12 

13 

6 

7 

8 

9 

10 

1 1  

12 

13 

TABLE I1 Transition temperatures 

R 

a 

a 

b 

b 

b 

b 

b 

b 

C 

C 

C 

C 

C 

C 

C 

C 

K 

. 67 

. 6 8  

. 6 9 . 5  

. 6 4  

. 66 

. 6 9  

. 6 2  

. 52 

. 80 

. 57 

. 6 2 . 5  

. 59 

. 4 8 . 5  

. 58 

. 51 .5  

. 66 

("C) of comDounds I1 

Some physical properties of the mixtures of the com- 

pounds I and I1 are listed in Table 111. - - 
TABLE 111 Physical properties of some mixtures of 

compounds I and I1 (V = f lOV, e = l y )  - - 
Mixtures 

I ( X  = CH3) - 
I Ia 

I I b  

IIC 

- 
- 
- 

Polarization Resp. time T e 
(nc/ cm2 (US 1 ( " C )  ( 0 )  

- 14 6 3 3  1 1  

- 103 4 3  25 20 

- 104 38 34 14 

- 6 0  27 35 15 
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152 N .  H.  TINH et al. 

It i s  c l e a r  t h a t  t h e  spontaneous p o l a r i z a t i o n  of t h e  

mixture  I ( X  = CH3) i s  weak because  the c h i r a l  c a r b o n a t o m i s  

weakly p o l a r  and t h e r e  i s  a f r e e  r o t a t i o n  round t h e  bonding 

of t h i s  carbon and t h a t  of - C O O - .  The response  t ime of t h i s  

mix ture  i s  ve ry  quick  ( 6 ~ s )  n e a r  t h e  t r a n s i t i o n  Sc -SA. The 

o t h e r  spontaneous p o l a r i z a t i o n s  a r e  h i g h  because  t h e  c h i r a l  

carbon atom i s  l i e d  t o  t h e  c h l o r i n e  atom and t h e  s t e r i c  hind- 

r ance  of R p reven t s  t h e  f r e e  r o t a t i o n  round t h e  p reced ing  

bonding. 

... 

* 

F i n a l l y  l e t  us  p o i n t  o u t  t h e  uncommonbehaviour observed  

on h e a t i n g  and on c o o l i n g  wi th  t h e  compound I I b  ( n  = 8 ) ,  a l l  

t h e  mesophases of  which a r e  m e t a s t a b l e .  On c o o l i n g  from t h e  

i s o t r o p i c  phase ,  one can  observe  a b l u e  phase w i t h  b l u e  o r  

green  polygones.  On f u r t h e r  c o o l i n g  the SA phase w i t h  f o c a l  

con ic  and homeotropic t e x t u r e s  a p p e a r s .  

- 

I 49.1 ~ 

K 
49.3  

Then on h e a t i n g  from t h e  SA phase ,  t h e  c h o l e s t e r i c p h a s e  

N* wi th  " f i n g e r  p r i n t s "  appea r s  and o v e r  t h i s  phase ,  t h e  b l u e  

phase becomes v i s i b l e  through a b lue  polygone t e x t u r e .  Th i s  

microscopic  o b s e r v a t i o n  i s  confirmed by DSC measurements 

(F igure  l a ,  b ) .  One can  e x p l a i n  t h i s  f a c t  as fo l lows  : a l l  

t h e  observed mesophases a r e  m e t a s t a b l e  and t h e  b l u e  phase i s  

a c r y s t a l l i n e  phase .  There i s  a s u p e r c o o l i n g  phenomenon and 

a t  48.3" the  N* phase does no t  e x i s t ,  one can  on ly  observe  

t h e  SA phase.  D
ow
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FERROELECTRIC SC* PHASE IN SOME BENZOATE SERIES 
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I 

FIGURE 1 a. On coo l ing  from t h e  i s o t r o p i c  phase 

b .  On h e a t i n g  f rom the  SA phase 
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I54 N. H. TINH et al. 

CONCLUSION 

With t h e s e  two b e n z o a t e  ser ies ,  w e  o b t a i n  s e v e r a l  f e r r o e l e c -  

t r i c  materials which d i s p l a y  a h i g h  spontaneous  p o l a r i z a t i o n .  

They p r o v i d e  some new mater ia ls  f o r  r o o m t e m p e r a t u r e  m i x t u r e s  

and t h e y  a l l o w  us t o  d e t e r m i n e  t h e  i n f l u e n c e  of t h e  s i z e  and 

t h e  p o l a r i t y  of  t h e  c h i r a l  c a r b o n  atom o n  t h e  e x i s t e n c e  of 

t h e  f e r r o e l e c t r i c  s m e c t i c  C* p h a s e .  
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