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B A S I C  CHARACTERISTICS OF A NEW FERROELECTRIC LIQUID CRYSTAL 
WITH HIGH SPONTANEOUS POLARIZATION 

M.  GLOGAROVA (I), J .  PAVEL (I), K .  JAHN ( 2 )  K .  MOHR ( 2 ) ,  
F .  KOHLER ( 2 ) ,  D. DEMUS (2 ) ,  and R .  NAGY ( 3 )  
(1) I n s t i t u t e  o f  Physics, Czechoslovak Acad. Sc i . ,  

(2 )  D e p a r t m e n t  o f  C h e m i s t r y ,  Mar t in-Luther-Univers i ty ,  

( 3 )  Facu l ty  of Mathematics and Physics, Charles U n i v e r s i t y ,  

Na Slovance 2, 18040 Prague 8, Czechoslovakia 

4020 Ha l l e ,  GDR 

V HoleSoviEkCich 2, 18000 Prague 8, Czechoslovakia. 

Abs t rac t  The temperature dependence o f  t he  spontaneous po la -  
r i z a t i o n ,  P,, and the  ti lt angle were measured f o r  a new fe r ro -  
e l e c t r i c  l i q u i d  c r y s t a l .  P reaches the  sa tura ted  va lue of 
about 80 nCcm-2. I t s  tempe?ature dependence revea ls  t h e  second 
order  f e r r o e l e c t r i c  phase t r a n s i t i o n .  A t  h i g h  f requencies,  t he  
p e r m i t t i v i t y  data e x h i b i t  g rea t  c o n t r i b u t i o n s  from the  Gold- 
stone mode and from the  s o f t  mode. An a d d i t i o n a l  c o n t r i b u t i o n  
t o  p e r m i t t i v i t y  was detected arround the  phase t r a n s i t i o n  S A - f .  

INTRODUCTION 

Dur ing the  l a s t  few years, t he  number of known l i q u i d  c r y s t a l s  ex- 

h i b i t i n g  t h e  f e r r o e l e c t r i c  Scx phase has extremely increased. Among 

newly syn the t ized  ma te r ia l s ,  t he re  are some compounds which have 

t h e  spontaneous p o l a r i z a t i o n ,  Ps,  a t  l e a s t  by one order  of magnitu- 

de h igher '  than DOBAMBC, t he  f i r s t  s tud ied  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  (FLC). Due t o  h i g h  values of Ps ,  t he  s o f t  mode c o n t r i b u t i o n  

t o  p e r m i t t i v i t y ,  which i s  ha rd l y  measurable with most FLC, w i l l  be 

h igh ;  t h e  Goldstone mode c o n t r i b u t i o n ,  however, w i l l  a l so  inc rease.  

p o l a r i z a t i o n ,  t i l t  angle, d i e l e c t r i c  p roper t i es )  o f  such a new FLC. 

I n  t h i s  paper we present  bas i c  c h a r a c t e r i s t i c s  (spontaneous 

EXPERIMENTAL RESULTS 

A new m a t e r i a l  has been syn the t ized  
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C ~ ~ H ~ ~ O ~ C O O ~  OOC- c * H - c * H - c ~ H ~ .  
I 1  
Cl t i 3  

It e x h i b i t s  t h e  f o l l o w i n g  phase diagram determined from t h e  observa- 

t i o n  o f  t he  samole tex tu res  
140OC 143OC Nx 159OC Blue 1610C Is. 

'A - SCX - 7 0% C r  - 

The spontanems p o l a r i z a t i o n  Ps was measured wi th p lanar  samp- 

l e s  25 p m  t h i c k  by the  Diamant method,2 w i t h  which c o n d u c t i v i t y  and 

capacitance of t h e  sample can be compensated. To achieve the  p lanar  

sample o r i e n t a t i o n  i t  was necessary t o  use glasses w i t h  rubbed po- 

l y i m i d  coa t ing ,  o therwise,  t he  homeotropic al ignment occured. 

The temperature dependence of Ps measured a t  50Hz i s  shown i n  

F i g .  1. Far below the  phase t r a n s i t i o n  temperature Tc,  Ps reaches 

100 

FIGURE 1 

60 The temperature dependence 
of t he  spontaneous p o l a r i -  

* LO za t  i o n  measured a t  50Hz. Y - 
n!! 2 0 1  

0 L - L  115 120 125 130 135 1 4  

T I'C 

t h e  va lue  of about 80 nCcm-'. The shape of Ps(T)  near Tc i n d i c a t e s  

t h a t  t he  phase t r a n s i t i o n  Scxc - SA i s  o f  t he  second o rde r .  

The spontaneous t i l t  angle, 8., has been determined from t h e  

temperature dependence o f  t he  smectic l a y e r  spacing (see F i g .  2 )  

which was measured by X-ray d i f f r a c t i o n .  Knowing t h e  smectic l a y e r  

th icknesses d C C and d x ,  i n  t h e  SA and S x phases,resp.,the t i l t  angle 

as @ = arccos (dCx/dA). I t s  temperature dependence r A  3 i s  c a l c u l a t e d  

i s  shown i n  F i g .  3 .  
The complex p e r m i t t i v i t y &  has been measured us ing  a Hewlet t -  

-Packard 4192A impedance analyser i n  the  frequency range 10iHzf30kHz 

i n  Sex, S and N" phases. The p lanar  sample geometry ensured by A' 
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BASIC CHARACTERISTICS OF A NEW FERROELECTRIC LIQUID CRYSTAL [723]/287 

FIGURE 2 The temperature de- FIGURE 3 The temperature de- 
pendence o f  t he  l a y e r  spacing. pendence o f  t h e  spontaneous 

ti lt angle. 

po lya imid  o r i e n t i n g  l a y e r s  has been used thus enab l ing  one l to  deter-  

mine ttie L7ci1dstone and s o f t  mode c o o t r i b u t i o n s  t o  € . 

A t  low f requencies the  r e a l  p a r t  o f  r e l a t i v e  p e r m i t t i v i t y , E ' ,  

reaches t h e  va lue o f  500 even i n  t h e  N" phase. I n  the  N" 

Goldstone and the  s o f t  mode c o n t r i b u t i o n s  do no t  e x i s t ,  so t h a t  E' 

should be by two orders o f  magnitude smal le r  than observed. I t  i s  

obvious t h a t  a p a r a s i t i c  e f f e c t  con t r i bu tes  the re  t o  € '  and t h a t  

t he  same e f f e c t  predominates over the  s o f t  mode and t h e  Goldstone 

mode c o n t r i b u t i o n s  t o  E' i n  the  SA and Sc* phases. The p a r a s i t i c  

c o n t r i b u t i o n  f a l l s  down i n  the  N* phase above i t s  r e l a x a t i o n  f requ-  

ency = 700Hz. 

appears which can be ascr ibed t o  the  s o f t  mode (see F i g .  4). A t  

t he  frequency about 17kHz, where the  c o n t r i b u t i o n l o f t h e  s o f t  mode 

disappears, a new peak a t  t he  SA - N* t r a n s i t i o n  temperature Tk 

occurs ( F i g .  4 ) .  The r e l a x a t i o n  frequency o f  t he  Goldstone mode, 

which con- t r ibutes t o  8 i n  the  SCm phase, can be est imated from 

t h e  frequency dependence of t he  complex p e r m i t t i v i t y  within the  

range o f  1i2kHz. 

phase t h e  

I n  t h e  frequency range o f  800Hz+5kHz, a peak i n  8' ( T )  a t  Tc 

I 
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DISCUSSION OF DIELECTRIC RESULTS 

FIGURE 4 

The temperature dependences of 
t he  r e a l  p e r m i t t i v i t y  a t  indi-  
cated frequencies.  

RS R 

C S  C 

FIGURE 5 

The equivalent circuit  of 
the measured sample impedance. 

The ana lys i s  of the frequency dependences of measured'data i n  a l l  

t he  th ree  phases ind ica t e s  t h a t  the sample impedance can be t r ea t ed  
a s  a network combined of two capaci tors  and two r e s i s t o r s  (see Fig.  

5 ) .  C and R a r e  the  capacitance and the r e s i s t ance  of the l i q u i d  
c r y s t a l ,  Cs and R 

surface l a y e r s .  Most probably it is t h e  t h i n  polyimid l aye r  on t h e  

g l a s s  su r faces .  The capacitance of polyimid l aye r s  Cs is  estimated 

a s  about 3 . 5  n F .  

a r e  the s e r i e s  capacitance and t h e  r e s i s t ance  of 
S 

Usually, Cs can be neglected being much higher than t h e  l i qu id  
c r y s t a l  capacitance C .  From the ana lys i s  of the equivalent circuit  
(Fig.  5)  it follows t h a t  Cs becomes s i g n i f i c a n t  e spec ia l ly  a t  low 
frequencies ,  providing t h a t  R is much smaller than R s .  I n  our expe- 
riment where R m 7 0 k 0 ,  t h e  sample capacitance is more or l e s s  affec-  
ted by Cs up t o  seve ra l  kHz. It is about one order of magnitude 

above the c h a r a c t e r i s t i c  frequency of the p a r a s i t i c  e f f e c t  (700 Hz) 
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BASIC CHARACTERISTICS OF A NEW FERROELECTRIC LIQUID CRYSTAL [725]/289 

which i s  de f ined by the  se r ies  resonance frequency (277RCs)-1. The 

surface l a y e r  res is tance Rs est imated as 8 M n  in f luences  t h e  measu- 

r e d  impedance on ly  below 30 Hz. A l l  parameters o f  the  equ iva len t  

c i r c u i t  were estimated from the  frequency dependence of impedance 

i n  the  N" phase. 

CONCLUSIONS 

The FLC s tud ied  e x h i b i t s  h i g h  temperature f e r r o e l e c t r i c  SCx phase 

with q u i t e  a h igh  sa tura ted  spontaneous p o l a r i z a t i o n .  The tempera- 

t u r e  dependence o f  Ps revea ls  the  second order f e r r o e l e c t r i c  phase 

t r a n s i t i o n .  Unfor tunate ly ,  the  measurement o f  spontaneous t i l t  
around Tc i s  no t  p rec i se  enough t o  support t h i s  f a c t .  The conduct i -  

v i t y  o f  the  m a t e r i a l  i s  a t  l e a s t  two orders o f  magnitude h igher  than 

of usual  FLC. This i s  caused probably by chemical i n s t a b i l i t y  and h igh  

temperatures invo lved.  The h igh  conduc t i v i t y  of t he  l i q u i d  c r y s t a l  

combined with the  h igh  capac i ty  of i n e v i t a b l e  po l y im id  l a y e r s  pre- 

vents r e l i a b l e  d i e l e c t r i c  measurements a t  low frequencies. A t  h igh  

f requencies,  the  pronounced s o f t  mode c o n t r i b u t i o n  t o  6' has been 

detected around T c .  Besides a new c o n t r i b u t i o n  t o  6' has been de- 

t e c t e d i n t h e  v i c i n i t y  o f  TK t he  o r i g i n  o f  which remains unexplained. 
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