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PRE-TRANSITIONAL EFFECTS IN THE ELECTRIC PERMITTIVITY 
OF CYAN0 NEMATICS 

M J BRADSHAW AND E P RAYNES 
Royal Signals and Radar Establishment 
Malvern, Worcs. WR14 3PS LJK 

(Submitted for publication J u l y  13th, 1981) 

ABSTRACT 

Measurements we have made of electric permittivities 
have revealed new pre-transitional effects in 
nematics with cyano end groups. These effects have 
been found to be related to the discontinuity in the 
mean permittivity at TNI observed for these nematics 
and they have been attributed to pre-transitional 
changes in the anti-parallel ordering. 

INTRODUCTION 

At the nematic to isotropic phase transition the long 
range nematic ordering vanishes; however, anomalous effects 
in certain physical properties reveal that residual short 
range nematic ordering persists well into the isotropic 
phase. These pre-transitional effects have been found to 
influence the isotropic values close to the clearing 
temperature (TNI) of a number of physical propertiesl, for 
example the magnetic birefringence, Kerr constant, nuclear 

We report the new observation of pre-transitional effects 
in the electric permittivity of nematics with cyano end 
groups. 

spin lattice relaxation, light scattering and viscosity. 2 

EXPERIMENTAL PROCEDURE 

The isotropic permittivity (€is) was determined from 
the capacitance of a parallel plate cell measured empty and 
then full of liquid crystal. The capacitance was determined 
by an automatic bridge (HP4274A) using a 0.1 V to 5 V signal 
in the frequency range 100 Hz to 100 kHz. A guard ring was 
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i n c o r p o r a t e d  i n  t h e  c e l l  t o  minimise f r i n g i n g  e l e c t r i c  
f i e l d s  and t h e  tempera ture  w a s  s t a b i l i z e d  t o  0.1"C. T h i s  
enabled  t h e  measurement of €is t o  an  absolute .  accuracy  o f  
0.5% and a r e l a t i v e  accuracy ,  f o r  s m a l l  changes i n  
tempera ture  (< 30°C) of 0.01%. 

M. J.  BRADSHAW and E. P. RAYNES 

The p e r m i t t i v i t y  components of t h e  nematic  phase 
(~11~~1) w e r e  measured t o  w i t h i n  0.5% us ing  a s imi l a r  
t e ~ h n i q u e . ~  
measurements of  a homogeneously a l i g n e d  nemat ic  l a y e r  and 
€11 w a s  e s t i m a t e d  from h i g h  v o l t a  e measurements of t h e  same 
c e l l ,  us ing  a V - l  e x t r a p o l a t i o n  .' The i n i t i a l  homogeneous 
a l ignment  (with z e r o  t i l t )  w a s  ach ieved  by t h e  e v a p o r a t i o n  
of 100 8 o f  s i l i c o n  monoxide a t  60" t o  t h e  c e l l  normal. 
Measurement of ~ 1 1  and €1 enabled F = + 2 ~ ~ ) / 3  t o  b e  
o b t a i n e d  t o  an  a b s o l u t e  accuracy of 1% and a r e l a t i v e  
accuracy  of 0.5X. 

E~ was o b t a i n e d  d i r e c t l y  from low v o l t a g e  

MATERIALS 

Table  1 shows t h e  r i n g  s t r u c t u r e s  of t h e  cyano nematics  
s t u d i e d  based on t h e  fo l lowing  s t r u c t u r e :  

MATERIAL 

nCB 

nPCH 

nCCH 

nBCO 

5/7* PYR 

3/5/7t  PDX Q 
TABLE 1 

-@ 

* 40m% n=5; 60mZ n=7 
t 30m% n=3; 40m% n=5; 30m% n=7 
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PRE-TRANSITIONAL EFFECTS IN PERMITTIVITY OF NEMATICS 75 

A l s o  s tud ied  w e r e  t he  e u t e c t i c  mixture E7 based on cyano- 
b iphenyls ,  and t h e  non-cyano di-alkylphenyl benzoate ester:  

RESULTS AND D I S C U S S I O N  

The i s o t r o p i c  p e r m i t t i v i t y  of 7CB measured a t  1 kHz 
with  a 5 V s i g n a l ,  i s  given a s  a func t ion  of (T-TNI) i n  
Figure 1 and t h e  r e s u l t s  show an anomalous decrease i n  cis 
wi th  decreas ing  temperature  j u s t  above TNI. This  anomalous 
behaviour of c i s ,  which was not  in f luenced  by su r face  
alignment, v o l t a g e ,  o r  frequency, was found t o  extend over  
15’C t o  2 O o C  above TNI and amount t o  % 2% of €is. 
parable  e f f e c t  below TNI can be seen f o r  
phase of 7CB. F igure  2 ,  which p resen t s  f o r  t h e  CB 
homologues (n=5 t o  n=12), i l l u s t r a t e s  t h a t  a l though t h e  
e f f e c t  i s  p resen t  i n  the  i s o t r o p i c  phase of a l l  t h e  
homologues, i t s  magnitude depends on t h e  a l k y l  chain length .  
These p r e - t r a n s i t i o n a l  e f f e c t s  have a l s o  been observed i n  
o the r  nematics  and t h e  r e s u l t s  fo r  3CCH, 3PCH, 3BC0, 517 PYR 
and 3f5 /7  PDX a r e  presented  i n  Figure 3 i n  t h e  form o f  
‘ A s f E i s  (max) a s  a func t ion  of (T-TNI), where €is (max) i s  
t e maximum i s o t r o p i c  p e r m i t t i v i t y  observed a t  t h e  peak. 
The r e s u l t s  show a s i g n i f i c a n t  v a r i a t i o n  i n  t h e  magnitude 
of t hese  p r e - t r a n s i t i o n a l  e f f e c t s  between t h e  d i f f e r e n t  
nematics, wi th  PCH showing t h e  smallest e f f e c t s  and CB t h e  
l a r g e s t  . 

A com- 
i n  the  nematic 

It has  been observed t h a t  these  p r e - t r a n s i t i o n a l  
e f f e c t s  occur i n  all nematics with s t rong ly  po la r  end 
groups which e x h i b i t  a d i scon t inu i ty  i n  B (6Z) a t  TNI, and 
they can be i n t e r p r e t e d  as a consequence of t h e  a n t i -  
p a r a l l e l  local orde r ing  which produces t h e  d i scon t inu i ty  
6e.5 On approaching TNI from t h e  i s o t r o p i c  phase t h e r e  
i s  a coupl ing between t h e  developing s h o r t  range nematic 
order ing  and t h e  i n t r i n s i c  a n t i - p a r a l l e l  l o c a l  order ing ,  
r e s u l t i n g  i n  inc reased  a n t i - p a r a l l e l  c o r r e l a t i o n  which 
reduces t h e  molecular  d ipo le  moments’ con t r ibu t ion  t o  €is. 
Simi la r ly ,  t h e  i n c r e a s e  i n  Z observed i n  t h e  nematic phase 
can be a t t r i b u t e d  t o  a decrease  i n  t h e  a n t i - p a r a l l e l  
c o r r e l a t i o n  r e s u l t i n g  from t h e  rap id ly  reducing long range 
nematic order ing.-  For materials which do no t  e x h i b i t  a 
d i s c o n t i n u i t y  i n  E ( 6 ~ = 0 )  t h e  anomalous decrease i n  cis i s  
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16 M. J .  BRADSHAW and E. P. RAYNES 

7 C B  

Figure 1. Permittivity of 7CB 

1 

€ i s  

I '  

Figure 2. Isotropic Permittivities of Cyanobiphenyls 
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PRE-TRANSITIONAL EFFECTS IN PERMITTIVITY OF NEMATICS 77 
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Figure 3. 
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Isotropic Permittivities of Cyano Nematics 
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Figure 4 .  Isotropic Permittivity of Me37 
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Figure 5. Permittivity of Cyanobiphenyl Mixture E7 
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n o t  obse rved ;  t h i s  i s  i l l u s t r a t e d  i n  F i g u r e  4 which shows 
~i~ a s  a f u n c t i o n  o f  (T-TNI> f o r  Me37. T h i s  o b s e r v a t i o n  
can be a t t r i b u t e d  t o  t h e s e  materials hav ing  no i n t r i n s i c  
a n t i - p a r a l l e l  l o c a l  o r d e r i n g  i n  e i t h e r  t h e  nemat i c  o r  
i s o t r o p i c  p h a s e s ,  and t h e r e f o r e  t h e  growth of  t h e  s h o r t  
r a n g e  nemat i c  o r d e r  i n  t h e  i s o t r o p i c  phase  does n o t  e f f e c t  
t h e  mean p e r m i t t i v i t y .  

M. J. BRADSHAW and E. P. RAYNES 

The t e m p e r a t u r e  dependence of and E~~ o v e r  a wide 
r a n g e  of t e m p e r a t u r e  i s  i l l u s t r a t e d  i n  F i g u r e  5 by t h e  
p e r m i t t i v i t y  of  t h e  cyanobiphenyl  mix tu re  E 7 .  Well away 
(2 20°C) from TNI i t  approaches t h e  c l a s s i c a l  Dehye T-I 
dependence ( a s  i n  F i g u r e s  1, 2 and 3 ) ,  whereas  c l o s e  t o  
TNI t h e  v a l u e s  a r e  approx ima te ly  independen t  o f  t empera tu re .  
T h i s  s u g g e s t s  t h a t  t h e  f r e q u e n t l y  quo ted  r e s u l t  t h a t  and 

are approx ima te ly  independen t  of t e m p e r a t u r e  i n  nematic  
m a t e r i a l s  w i t h  s t r o n g l y  p o l a r  end g roups  i s  t r u e  only c l o s e  
t o  TNI and i s  a consequence of  p r e - t r a n s i t i o n a l  e f f e c t s ,  
whereas  o b s e r v a t i o n  w e l l  away from TNI l e a d s  t o  a q u i t e  
d i f f e r e n t  conc lus ion .  
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