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DIELECTRIC DISPERSION IN DOBAMBC* 

A LEVSTlK, 8 k K ? ,  1 LEVSTZK, R B L Z N C ,  and C FlLZPZf 
J SZedan Z n n U L L t e ,  E KmdeLj U L v e a i t y ,  Ljubl jana,  
Yugon l a v i a  

(Submi t ted doh publ ica t ion :  19th Oc,tobe,t, 7 9 7 9 )  

Abothact :  
f l u c t u a t i o n  spectrum of c h i r a l  DOBAMBC a t  t he  
f e r r o e l e c t r i c  smect ic  A t o  C t r a n s i t i o n ,  s tud ied  by 
d i e l e c t r i c  re l axa t ion  spectroscopy,  t he  frequency and 
d i e l e c t r i c  s t r e n g t h  of  t he  Goldstone mode f o r  q = 0 
i n  the  f e r r o e l e c t r i c  phase have been determined. The 
frequency i s  approximately temperature independent ,  
decreas ing  s l i g h t l y  when approaching Tc from below, 
while  t he  i n t e n s i t y  decreases  f o r  an order  of magnitude 
and goes t o  zero  a t  Tc. 

From the  low frequency order  parameter 

I n  our  prev ious  s tudy '  we have repor ted  on the  frequency and 
temperature dependence of the  d i e l e c t r i c  cons tan t  of 
p- de cy 1 oxyb e n zy 1 i de ne- p ' - amino 2-me t hy 1 b u t y  1 c inn  ama t e 
(DOBAMBC) c lose  t o  the  smect ic  A t o  smect ic  C phase 
t r a n s i t i o n .  The numerical  a n a l y s i s  of t he  same experimental  
d a t a  g ives  some new informat ion .  

I n  Figure 1 i s  shown the  temperature  dependence of t h e  
Goldstone mode frequency i n  the  smectic C phase. The 
c i r c l e s  r ep resen t  the  measured va lues  of t h e  r e l a x a t i o n  
frequency determined from the  Cole-Cole diagrams. The 
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146 A. LEVSTIK, B. ZEKS, I. LEVSTIK, R.  BLINC, and C. FILIPIC 

curve r ep resen t s  t he  f i t  ca l cu la t ed  from a l i n e a r  
r eg res s ion  of log  f vb log (Tc-T). The frequency of t h e  
Goldstone mode decreases  on approaching T,, where i t  has a 

300 

f I Hz 1 

i 

f ixed  value.  
the ex t r apo la t ed  value.  

The measured va lue  a t  T, i s  much higher  than 

Figure 2 shows the corresponding d i e l e c t r i c  s t rcngth  
q,-~- of t h e  Goldstone mode as  a func t ion  of temperature.  
The curve is ca lcu la t ed  from a l i n e a r  regress ion  of 
log  ( E ~ - E ~ )  Vh log (T,-T). 

zero  at  T,. 
d i f f e r e n t  from the  ex t r apo la t ed  value.  

A s  w e  supposed i n  the  previous 
s tudy ,  t he  i n t e n s i t y  of t h e  Goldstone mode r e a l l y  got- ’S t o  

Again the measured va lue  a t  T, i s  much 
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DIELECTRIC DISPERSION IN DOBAMBC 147 

The l a w  frequency p a r t  of the p o l a r i z a t i o n  f l u c t u a t i o n  
spectrum i s  expected t o  have a s o f t  mode behaviour above 
Tc, whi le  below Tc ,  i t  should be a superpos i t ion  of the  s o f t  
mode p a r t  and the  Goldstone p a r t .  The s o f t  mode has been 
determined above Tc by Garoff and Meyer.' I t  i s  equal  t o  
10 kHz a t  T-Tc = 0.1 K and decreases  c r i t i c a l l y  when 
approaching Tc. As t he  d i e l e c t r i c  i n t e n s i t y  of t he  s o f t  
mode decreases  r a p i d l y 3  on going away from T,, t h e  g r e a t e s t  
chance of observing i t  i s  j u s t  a t  t h e  temperature of t he  
phase t r a n s i t i o n .  In  Figure 3 w e  m a k e  a comparison of t he  
Experimental  r e s u l t s  and the theory developed i n  the  s tudy of 
Zekz. Neglect ing the  f l e x o e l e c t r i c  coupl ing,  t he  Goldstone 
mode has  a cons tan t  value.  Using va lues  f o r  v i s c o s i t y ,  
e l a s t i c  cons tan t ,  and p i t c h  from t h e  l i t e r a t u r e , '  w e  ge t  
f o r  t he  Goldstone mode frequency 250 Hz which i s  c lose  t o  
the  measured value.  The po in t  at  T, corresponds t o  t h e  
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s o f t  mode frequency which depends c r i t i c a l l y  on temperature.  
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F I G U R E  3 :  
Gothtane made md 4otj.t mode. 

The t e m p e w e  dependence otj ,the 

CONCLUSIONS: With a l e a s t  mean square ana lys i s  of t h e  
experimental  d a t a  we have succeeded i n  showing t h a t  the  
i n t e n s i t y  of t h e  Goldstone mode goes t o  zero  a t  Tc ,  and t h a t  
the  measured p o i n t  a t  Tc corresponds t o  a s o f t  mode. 
d i e l e c t r i c  p r o p e r t i e s  of DOBAMEX c lose  t o  t h e  smect ic  A t o  
smect ic  C t r a n s i t i c p  can be  very w e l l  descr ibed  by the  
model proposed by Zekg.3 

The 
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