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THE FERROELECTRICITY I N  THE MIXTURES OF C H I R A L  
WITH N O N - C H I R A L  SMECTIC C 

H I D E 0  MATSUMURA 
E l e c t r o t e c h n i c a l  L a b o r a t o r y ,  T a n a s h i ,  Tokyo 188 
J a p a n  

(Submit ted  f o r  P u b l i c a t i o n  October  2 3 ,  1978) 

The spon taneous  p o l a r i z a t i o n  was measured by 
means o f  t h e  Sawyer-Tower method i n  m i x t u r e s  o f  
c h i r a l  smectic C l i q u i d  c r y s t a l  w i t h  smectic C 

l i q u i d  c r y s t a l .  Induced c i r c u l a r  d i c h r o i s m  i n  
t h e  c h i r a l  smectic C phase  was a l s o  measured on 
t h e  same m i x t u r e s .  I t  was found t h a t  t h e  magni- 
t u d e  o f  spon taneous  p o l a r i z a t i o n  was dependent  on 
t h e  compos i t ion  o f  t h e  m i x t u r e s  o r  t h e  i n t e n s i t y  
o f  c i r c u l a r  d i c h r o i s m .  

R e c e n t l y ,  Meyer e t  a l .  have r e p o r t e d  t h a t  ( + ) - E -  
decy loxybenzy l idene  p ' -a rn ino-Z-methylbuty l  c innamate  
(DOBAMBC) i s  f e r r o e l e c t r i c  i n  t h e  smectic C and 
smectic H phases . '  Many p r o p e r t i e s  o f  t h i s  compound 
have been  i n v e s t i g a t e d  s i n c e  t h e n .  '-lo According  
t o  t h e  m o l e c u l a r  s t a t i s t i c a l  model o f  t h e  s m e c t i c  A 
and smectic C p h a s e s ,  t h e  f r ee  r o t a t i o n  abou t  t h e  
l o n g  molecul-ar a x i s  i s  g e n e r a l l y  a l lowed  i n  t h e  A 
and C p h a s e s .  However, f r ee  r o t a t i o n  i s  n o t  
a l lowed  i n  t h e  smectic C phase  composed o f  c h i r a l  
mo lecu le s  b u t  a c h i r a l  smectic C phase  s imi la r  t o  
t h e  c h o l e s t e r i c  phase  i s  produced.  
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We have s t u d i e d  t h e  f e r r o e l e c t r i c  e f f e c t  i n  t h e  
b ina ry  mixtures  of c h i r a l  smect ic  C l i q u i d  c r y s t a l :  
DOBAMBC, w i th  n o n - c h i r a l  smect ic  C l i q u i d  c r y s t a l :  
gyp'-n-diheptyloxyazoxybenzene (DHOAB). DOBAMBC 
was synthes ized  from (+)-2-methylbuty l  p-aminocinna- 
mate (Eastman Kodak Co.) and p-n-decyloxybenzalde- 
hyde (Tokyo Kasei Kogyo Co.). DHOAB was purchased 
from Eastman Kodak Co. Each compound was r e c r y s t a l -  
l i z e d  twice from e t h y l  a lcohol  and p u r i f i e d  by zone 
r e f i n i n g  wi th  t h i r t y  zone passes .  

F e r r o e l e c t r i c  measurement: The f e r r o e l e c t r i c  
h y s t e r e s i s  loop o f  b ina ry  mixture systems a r e  measured 
by t h e  Sawyer-Tower method12 a t  a frequency of 50 Hz 
and a vo l t age  of 1 6  kV/cm (peak t o  peak) .  The sample 
i s  samdwiched between two g l a s s  s l i d e s  coa ted  wi th  
t i n  oxide on which S i O  i s  evaporated a t  an obl ique  
inc idence .  The r e s i s t i v i t y  of t h e  sample i s  about 
1 0  R / c m .  The sample i s  hea ted  t o  t h e  i s o t r o p i c  phase 
and cooled t o  t h e  smectic A phase a t  s e v e r a l  r a t e s  i n  
t h e  magnetic f i e l d  of about 1 0  kG and then  t o  t h e  
smect ic  C phase.  The smect ic  l a y e r s  almost l i n e  up 
perpendicular  t o  t h e  sample w a l l s  a t  a very  slow 

cool ing  r a t e  (S°C/hour). 
between about 10' and 1°C/min, t h e  smect ic  l a y e r s  no 
more l i n e d  up perpendicular  t o  t h e  sample w a l l s  and 
each sample has a s i m i l a r  t e x t u r e .  The degree of t h e  
sample alignment depends on t h e  r a t e  of decreas ing  
temperature  through t h e  i s o t r o p i c - s m e c t i c  A t r a n s i -  
t i o n  p o i n t .  

Figure 1 shows t h e  temperature  dependence o f  
t h e  spontaneous p o l a r i z a t i o n  i n  a sample o f  DOBAMBC 
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Figure 1: The temperature dependence of the 
spontaneous polarization in DOBAMBC 
7 8  wt% sample prepared from cooling 
through isotropic-smectic A transition 
temperature at 0: 5OC/hour, 0: 1°C/min 
, m: 4"C/min, 0: 10°C/min 
Tc: smectic A-smectic C transition 
temperature 

( 7 8  wt%) at various cooling rates. 
the temperature dependence o f  the spontaneous polari- 
zation of the DOBAMBC-DHOAB mixtures in various 
compositions. 

These samples are prepared by being cooled from 
isotropic liquid to smectic A at 4'C/min rate. The 
change o f  the spontaneous polarization of  each sample 
shows similar temperature dependence. The value o f  
the spontaneous polarization in a sample of DOBAMBC 
(71 wt%) is obviously smaller than that o f  the other 

Figure 2 shows 
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F i g u r e  2 :  The t empera tu re  dependence of t h e  

spontaneous  p o l a r i z a t i o n  i n  DOBAMBC 
0: 1 0 0  w t % ,  0: 89 w t % ,  m: 78 w t % ,  
0: 7 1  w t %  samples p repa red  f r o m  
c o o l i n g  a t  4 "C/min. Tc:  smectic A 

-smectic C t r a n s i t i o n  t empera tu re  

t h r e e  c a s e s .  The spontaneous p o l a r i z a t i o n  o f  a 
sample o f  DOBAMBC (59 w t % >  i s  n o t  d e t e c t e d  i n  t h e  
p r e s e n t  exper iment .  

C i r c u l a r  d ichor i sm measurement: The c h i r a l  
smec t i c  l i q u i d  c r y s t a l  w i t h  induced c i r c u l a r  d i c h r o -  
i s m  (LCICD) i n  t h e  a b s o r p t i o n  r e g i o n  o f  naphthacene 
was i n v e s t i g a t e d .  Naphthacene was purchased  from 
Tokyo Kasei Kogyo Co. and a sma l l  amount o f  i t  was 
added t o  t h e  l i q u i d  c r y s t a l s  w i t h o u t  f u r t h e r  p u r i f i -  
c a t i o n .  A s i n p l e  domain sample i s  p repa red  by 
t r e a t i n g  t h e  c e l l  w a l l s  w i t h  d imethyl  d i c h l o r o s i l a n e .  
After t h i s  t r e a t m e n t ,  t h e  smec t i c  l a y e r s  a r e  p a r a l l e l  
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Figure 3: The temperature dependence of 
induced circular dichroism spectra 
of naphthacene at 474 nm. 
Temperature T-Tc: (a) +5 OC 

(e) -17.5 OC (f) -21 O C  (9) -23OC. 

Tc: smectic A-smectic C transition 
temperature 

(b) -2 OC (c) -4.5 OC (d) -12 OC D
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Figure 4: The intensity of LCICD at 474 nm in 
various mixing ratio samples DABAMBC: 
0:  100 wt%, 0: 8 9  wt%, W :  78  wt%, 
0: 71 wt% vs. temperature. 
Tc: smectic A-smectic C transition 
temperature. 

t o  the cell walls and the optical axis is perpendi- 
cular to the cell walls. 
are recorded on a JASCO 5-40 CD spectrometer. The 
intensity o f  the circular dichroism depends on the 
orientation o f  naphthacene molecules in the liquid 

Circular dichroism spectra D
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FERROELECTRICITY IN MIXTURE OF SMECTIC 11 1 

c r y s t a l s ,  tilt a n g l e  o f  t h e  smectic C phase  and 
t h e  p i t c h  o f  t h e  smectic C phase .  But ,  i t  mainly 
r e p r e s e n t s  t h e  i n t e n s i t y  of  t h e  t w i s t i n g  power o f  
t h e  sys t em.  F i g u r e  3 shows t h e  t e m p e r a t u r e  depen- 
dence of t h e  L C I C D  spec t rum on t h e  naph thacene  i n  
t h e  c h i r a l  smectic C phase  o f  DOBAMBC. The L C I C D  
s p e c t r a  a re  a l s o  measured f o r  naphthacene  i n  b i n a r y  
m i x t u r e s  (DOBAMBC-DHOAB). The L C I C D  i n t e n s i t y  o f  t h e  
peak  a t  4 7 4  nm i s  p l o t t e d  a g a i n s t  t e m p e r a t u r e  (F ig .  
4 ) .  A s  t h e  DHOAB c o n t e n t  i n c r e a s e s ,  t h e  i n t e n s i t y  o f  
CD d e c r e a s e s .  I n  t h i s  expe r imen t ,  t h e  CD i s  n o t  a b l e  
t o  b e  obse rved  i n  a sample o f  DOBAMBC (59 w t % ) .  

Conc lus ion :  I n  t h e  b i n a r y  m i x t u r e s  o f  t h e  c h i r a l  
smectic C ( 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 )  w i t h  o r d i n a r y  
n o n - c h i r a l  smectic C ,  i t  i s  found t h a t  t h e  f e r r o -  
e l e c t r i c  e f f e c t  i s  c l o s e l y  r e l a t e d  t o  t h e  i n t e n s i t y  
o f  induced  c i r c u l a r  d i ch ro i sm.  

H e l p f u l  d i s c u s s i o n  w i t h  Y .  Katayama i s  g r a t e -  
f u l l y  acknowledged. 
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