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ELASTIC PROPERTIES OF n-OCTYLOXYCYANOBIPHENYL 

GRZEGORZ CZECHOWSKI, BOGUSLAW t Y W U C K I  AN0 JAN JAOZYN 

I n s t i t u t e  o f  Molecular Physics, Po l i sh  Academy o f  Sciences, 
Smoluchowskiego 17/19, 60-179 Poznari, Poland 

Abstract The temperature’s behaviour o f  t he  splay and band elas- 
t i c  constants f o r  n-octyloxycyanobiphenyl (8-OCB) has been 
studied. The constants have been determined on the basis o f  thre-  
shold values Bo and Uo r e s u l t i n g  from the Freder iks t r a n s i t i o n s  
i n  magnetic and e l e c t r i c  f i e l d ,  respect ive ly .  The K 1 1  and K33 
show the p r e t r a n s i t i o n a l  nematic-smectic A e f f e c t .  

INTRDOUCTION 

I n  nematics the  elongated molecules are a l igned with t h e i r  l ong  a x i s  

p a r a l l e l  t o  a p re fe r red  d i r e c t i o n  t h a t  can be l a b e l l e d  by a u n i t  

vectorn-. The centers o f  mass o f  t he  molecules are d i s t r i b u t e d  a t  

random. I n  an i d e a l  nematic s ing le  c r y s t a l ,  L i s  uni form over the  

whole sample. For a d i s t o r t e d  nematic, t he  space va r ia t i ons  o f  n are 

smal l  over molecular dimensions and a continuum desc r ip t i on  o f  the 

nematic l i q u i d  c r y s t a l  can be used. I n  the  bulk  o f  a nematic sample 

three types o f  d i s t o r t i o n  can occur: splay,  t w i s t  and bend; the  asocia- 

t ed  e l a s t i c  constants are Kll, K22 and K33, respect ive ly .  The d i s t o r -  

t i o n s  f r e e  energy (per u n i t  volume) o f  a nematic i s  given by Oseen 

and Frank’: 

1 2 2 2 
2 11 

1 

(1) ( d i v  4) + KZ2 ( t r o t  + Kj3 (Exrot 1) 1 F = - [ K  

Much of the i n t e r e s t  i n  l i q u i d  c r y s t a l s  i s  associated with the 

fac t  t h a t  the o r i e n t a t i o n  o f  the d i r e c t o r  can easy be in f luenced by 

external  f i e l d s .  Consequently, knowledge of e l a s t i c  constant of var ious 

l i q u i d  c r y s t a l l i n e  ma te r ia l s  i s  important. ,4 

and Kj3 e l a s t i c  constants, and magnetic anisotropy hy f o r  8-OCB 
I n  t h i s  Paper we present the temperature dependence o f  the Kll 
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114 G. CZECHOWSKI ET AL. 

5 determined on the basis o f  Freder iks t rans i t i ons .  

EXPERIMENTAL 

For the Kll, Kj3 and b F  determination, three experiments have been 

made. F i r s t ,  the e l e c t r i c  f i e l d  has been appl ied t o  the planar or iented 

nematic. From the threshold value Uo and d i e l e c t r i c  anisotropy A & ,  one 

can e a s i l y  ca l cu la te  the Kll e l a s t i c  constant6 ,’ 

ri2 K1l - 

Next, f o r  the same sample, t he  magnetic f i e l d  has been applied. On the 

basis o f  the threshold value Bo and Kll obtained i n  the previous 

experiment, can be ca lcu lated:  

d - denotes the thickness o f  the nematic sample. 

t r a n s i t i o n s  envolved by the magnetic f i e l d  appl ied t o  the homeotropi- 

c a l l y  or iented sample: 

The K33 e l a s t i c  constant has been obtained from the Freder iks 

K33 42LF 
PO 

(4) 

RESULTS AND DISCUSSION 

Figure 1 presents the r e s u l t s  o f  the measurements o f  s t a t i c  e l e c t r i c  

p e r r n i t t i v i t i e s  and conduc t i v i t i es  c a r r i e d  out  i n  i s o t r o p i c ,  nematic 

and smectic A phases. Nematic-smectic A (N-SA) phase t r a n s i t i o n  mani- 

f e s t s  i t s e l f  espec ia l l y  s t rong i n  the  anisotropy o f  e l e c t r i c  conduc- 

t i v i t y  o f  8-OCB. 

Figure 2 shows the dependence o f  Kll and Kj3 on temperature. I n  

the v i c i n i t y  o f  the N-SA t r a n s i t i o n  one observes a strong increase i n  
the e l a s t i c  constants value. The dependences Kii on temperature can be 

approximated by the  r e l a t i o n  o f  type: 
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FIGURE 1 S t a t i c  electric p e r r n i t t i v i t i e s  and c o n d u c t i v i t i e s  
o f  8-OCB. 

FIGURE 2 

E l a s t i c  c o n s t a n t s  Kl l  and 
K j 3  o f  8-OCB a s  a f u n c t i o n  
of  t e m p e r a t u r e .  The s o l i d  
l i n e s  c o r r e s p o n d  t o  
dependence of ( 5 )  t y p e .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
15

 1
8 

Fe
br

ua
ry

 2
01

3 



116 G. CZECHOWSKI ET AL. 

* 
where T 
corresponds to N-I transition, i = 2 - N-SA transition) obtained from 
the best fitting of the experimental data to the exponential function 
(5) are given in Table I. 

denotes the reduced temperature. The values of di ( i = 1 

TABLE I Values of the parameters eci obtained by the least 
square fitting Kii vs. T,  according to relation (5). 

The value of the dl parameter is typical for nematics and is 
similar to that obtained by other authors for  optical anisotropy and 
order parameter.8*9 

is presented in Figure 3 .  
The magnetic anisotropy determined in our experiment for 8-OCB 

335 340 345 350 T,K 

FIGURE 3 Bend-to-splay elastic constant ratio for 8-OCB. 
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ELASTIC PROPERTIES OF N-OCTYLOXYCYANOBIPHENYL 117 

F igu re  4 presents t h e  r a t i o  bend t o  sp lay  e l a s t i c  cons tan ts  as a 

f u n c t i o n  o f  temperature. 

- 

.. 

.. 

.. 

.. 

_ -  

335 340 345 350 T,K 

FIGURE 4 The magnetic an iso t ropy  o f  8-OCB c a l c u l a t e d  from Eq.(3). 
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