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DIELECTRIC PROPERTIES OF TBBA* 

C.FILIPIC, A.LEVST1K and A.KANDU$ER 
J.Stefan Institute, University of Ljubljana, 
Ljubljana, Yugoslavia 

(Submitted for publication April 20, 1979) 

Abstract The dielectric properties of a 
TBBA single crystal perpendiculary to the 
smectic layers and along the a axis in the 
smectic layers in different phases below 
120°C were measured. The dielectric constant 
shows significant anomalies at the phase 
transitions. 

TBBA (terephthal-bis-butylaniline) exhibits 

nine different liquid crystalline and solid pha- 
ses. It has been pointed out that two metastable 
crystalline phases appear'') when the SB phase is 
cooled below 84OC. The various transitions between 
the different phases are shown here: 

IX  Vlll V IV 111 II I 

-42 144 172 200 236 
Cr Cr 113, sB-sc ~ - ' s * ~ - - T - N  === L . 

t ++ 84 52 VII VI 

The structures of the phases Cr(VIII), SB and VI 

*Supported by Research Community of Slovenia. 

are known from X-ray scattering experiments ( 2 )  . 
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The u n i t  c e l l  parameters f o r  t h e  phase Cr (VI I I ) ,  
which has  t h e  space group A2/a, a r e :  a = 17-57 A ,  
b = 5.75 A ,  c = 53.2 and & =  115.5'. It i s  pos- 
s i b l e  t o  o b t a i n  monodomain samples of  SB and V I ,  
i f  we s t a r t  from a s i n g l e  c r y s t a l  a t  room tempe- 
r a t u r e  by hea t ing  t h e  sample over 113OC and cool- 
i ng  down. The s t r u c t u r e s  o f  t h e  phases  SB and V I  
a r e  c r y s t a l - l i k e ,  T h e  s m e c t i c  B p h a s e  l o o k s  l i k e  a 

p l a s t i c  c r y s t a l  i n  which t h e  molecules undergo 
o r i e n t a t i o n a l  jumps around t h e i r  long a x e s  wi th  
s ix  equiva len t  p o s i t i o n s ( 3 ) .  I n  t h e  p lane  perpen- 
d i c u l a r  t o  t h e  long a x i s  t h e  molecules a r e  i n  al- 
most hexagonal order .  The molecules a re  t i l t e d  
with r e spec t  t o  t h e  l a y e r s  by t h e  angle 122' a t  
ll5OC. The s i n g l e  c r y s t a l s  were grown by t h e  s low 
evaporat ion method from a chloroform s o l u t i o n  a t  
5 O C .  The dimensions of t h e  c r y s t a l  were a x b- 

0 

0 

2 30 x 15 mm along c r y s t a l l o g r a p h i c  a x e s .  T h e  t h i c k -  

n e s s  p e r p e n d i c u l a r  t o  t h e  s m e c t i c  l a y e r s  w a s  3 mm.  

The d i e l e c t r i c  cons tan t  was measured with a 
1615 A GR capaci tance br idge.  The samples were 
measured i n  an evacuated sample holder  with a tem- 
pe ra tu re  s t a b i l i z a t i o n  of - 0.02°C, The e l e c t r o d e s  
were made from a conducting p a s t e  - D e g u s s a  2 0 0 .  

d i c u l a r  t o  t h e  smectic l a y e r s  a s  a func t ion  of t he  
temperature c l o s e  t o  t h e  phase t r a n s i t i o n  Cr(VII1) 
t o  C r ( 1 X ) .  T h e  d i e l e c t r i c  c o n s t a n t  h a s  a j u m p  

a t  t h e  t r a n s i t i o n .  The thermal h y s t e r e s i s  d T = l 0 C  
shows t h a t  t h e  t r a n s i t i o n  i s  of t h e  first order .  
The d i e l e c t r i c  cons tan t  along t h e  a axis does not  

-I. 

Fig.1 shows t h e  d i e l e c t r i c  cons tan t  perpen- 
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FIGURE 1. Die lec t r ic  constant perpendicu- 
l a r  t o  the  smectic layers  close t o  the  
t r a n s i t i o n  from Cr(VII1) t o  Cr(IX) a s  a 
function of the  temperature. 

change with the  temperature and has the value 
of 3.4. 

The temperature dependence of the  d i e l e c t r i c  
constant perpendicular t o  the  smectic layers  from 
room temperature till 12OoC i s  shown in Fig.2. 
With increasing temperature the  d i e l e c t r i c  con- 
s t a n t  i s  decreasing and has a jump t o  a higher 
value a t  the t r a n s i t i o n  t o  SB phase. With decre- 
asing temperature the  d i e l e c t r i c  constant i s  in- 
creasing and has a small peak a t  the t r a n s i t i o n  
t o  t he  phase V I  i n  which it has a constant value 
till the  temperature 6 3 O C  where the  c r y s t a l  breaks 
a t  the  transformation t o  the  sol id .  The impossi- 
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FIGURE 2. The temperature dependence of 
t h e  d i e l e c t r i c  cons tan t  perpendicular  t o  
t h e  smectic l aye r s .  

b i l i t y  t o  come back t o  t h e  s o l i d  phase a t  room 
temperature was mentioned before"). I n  contra-  
d i c t i o n  t h e r e  was no problem o v e r  g e t t i n g  phase 
V I I  i n  another  s t u d y  . 

Fig.3 shows t h e  temperature  dependence of 
t h e  d i e l e c t r i c  cons tan t  along a axis. The jump 
a t  t h e  phase t r a n s i t i o n  t o  t h e  SB phase i s  here  
much more pronounced. The va lue  of t h e  d i e l e c t r i c  

cons tan t  along t h e  a axis i s  always higher  than  

i s  here  a l i t t l e  higher  (65.5OC). 
Studying t h e  phase t r a n s i t i o n s  i n  TBBA 

c r y s t a l  below 12OoC v i a  d i e l e c t r i c  measurements 

( 5 )  

br. The temperature where t h e  c r y s t a l  breaks D
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FIGURE 3. The temperature dependence of 
t h e  d i e l e c t r i c  cons tan t  along the  a a x i s  
i n  the  smectic layers .  

we can conclude: 
a )  & along t h e  a a x i s  i s  always higher  t han  E+ , 
b )  the jump i n  t h e  d i e l e c t r i c  constant  at t h e  

t r a n s i t i o n  from t h e  Cr(VII1) t o  t h e  SB phase 
along t h e  a axis ( b e a )  i s  much higher  t han  

c )  t h e  phase t r a n s i t i o n  from Cr(VII1) t o  Cr(1X) 
i s  a first order  t r a n s i t i o n  

d )  the c r y s t a l  breaks at o r  before  reaching t h e  
phase V I I .  

A&L 9 
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