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Anisotropy of static electric permittivity and conductivity was measured for three 
groups of liquid crystals: (I) p-n-alkyl-p’-cyanobiphenyls (C& + l - ~ 4 - C N ,  
n = 5,6,7,8), (11) p-p’-dialkylazoxybenzenes (C,H2,+ l-+-N(0) = 
N--4--C,H2,+ ,, n = 5,6,7,8) and (111) p-alkyloxyphenyl-p’-alkoxybenzoates 
(C,H2n+,-0-+-C00-+-0-C,H2,+I, n = 8, m = 5 ;  n = 8, m = 7; n = 
10, m = 5 ;  n = 11, m = 5 ) .  The nematic-smectic A phase transition for compounds 
of the I and II group manifests itself as a change of conductivity anisotropy sign due 
to a strong variation of the parallel component u,, only; for compounds of the I11 group 
both components of electric conductivity and permittivity change considerably. 

Keywords: permittivity, conductivity, anisotropy, nematics, smectics 

INTRODUCTION 

Anisotropy of physical properties of liquid crystals is caused by mo- 
lecular long-range orientational ordering. In nematics the ordering 
concerns the direction of a long axis of molecules, whereas their 
centers of mass remain distributed at random. In smectics there is an 
additional ordering. The centers of the molecules are, on average, 
arranged in the equidistance planes. Direct evidence of the layered 
structure gives the X-ray diffraction pattern, in which a sharp reflex- 
ion at small Bragg angles corresponding to a layer thickness is ob- 
served. The smectogenic molecules with a strongly polar group, such 
as nitro- or cyano-group, form the bilayer structures of various types. 
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18 J .  JADZYN AND P. KFDZIORA 

In static dielectric measurements the anisotropy of liquid crystals 
manifests itself as a difference in the value of electric permittivity 
measured along Ei, and perpendicular E, to the preferred axis. The 
value and sign of the dielectric anisotropy depend on 
electronic structure of molecules, or more precisely, on a distribution 
of dipole moment of a polar group with respect to the long axis of 
molecule.'.' In the most liquid crystals the nematic-smectic A phase 
transition involves only a small change in electric pe rmi t t i~ i ty .~ .~  

The studies of anisotropy of conductivity are important since the 
ions moving along a particular direction of the oriented sample may 
serve as a microscopic probe delivering some significant structural 
information. Contrary to electric permittivity, the conductivity always 
undergoes a severe change when the layered structures appear."6 

In this paper we present the results of permittivity and conductivity 
measurements for three groups of polymorphous liquid crystals. 

TABLE I 

Phase transition temperatures (in "C).  

C,H,,_ ,-+-+-CEN 

I 1  I-N N-S, 

5 36.0 - 

6 29.8 - 
7 43.2 - 
8 41.4 34.2 

C,HZ,-,-+-N (0) = N-+- CnH2"+, 

n I-N N-S, 

5 69.0 - 
6 48.5 23 
7 72.5 55.5 
8 69.5 61.5 

8 5 86.8 65.1 63.5 
8 7 89.5 - - 

10 5 86.0 81.3 69.0 
11 5 85.5 84.0 70.0 

71.5 
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ANISOTROPY OF ELECTRICAL PROPERTIES 19 

EXPERIMENTAL 

Materials: p-n-alkyl-p'-cyanobiphenyls (BDH), p,p'-dialkyl-azoxy- 
benzenes and p-alkyloxy-phenyl-p'-alkoxybenzoates (CHEMIPAN) 
were used without further purification. The phase transition tem- 
peratures of the studied materials are listed in Table I. 

Apparatus: Static electric permittivity and conductivity were meas- 
ured with a Wayne-Kerr B 330 bridge at 1.5 kHz. The samples were 
measured in a plane copper capacitor with gold-covered electrodes. 
The thickness of liquid crystal layer was 1 mm. To orientate the 
samples the 1 T magnetic field was used. The temperature was sta- 
bilized with an accuracy of ? 0.01"C. Electric permittivity and con- 

FIGURE 1 Static electric permittivity, (E), and conductivity, (a), of some p-n-alkyl- 
p'-cyanobiphenyls. 
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20 J. JADZYN AND P.  KFDZIORA 

FIGURE 2 
n-alkyl-azoxybenzenes. 

Static electric permittivity. (E), and conductivity. (cr), of some p,p'-di- 

ductivity were measured with an accuracy of 0.01 and 0.196, respec- 
tively. The conductivity measurements were camed out for pure samples 
i.e. without special ionic admixtures. 

RESULTS AND DISCUSSION 

The temperature dependences of anisotropy of static electric per- 
mittivity and conductivity for the three groups of liquid crystals are 
shown in Figures 1-3. For the first two groups, i.e. (I) p-n-alky1-p'- 
cyanobiphqnyls (n-CB), and (11) p,p'-dialkyl-azoxybenzenes (n-AB) 
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ANISOTROPY OF ELECTRICAL PROPERTIES 21 

the experimental results concerning the anisotropy of permittivity are 
in good agreement with those published previously. '-11 

For n-CB and n-AB, with the exception of 6-AB, in the nematic 
phase the conductivity along the ordering direction is higher than 
that in perpendicular direction, a,,/uTI > 1. This agrees with the data 
on electric c o n d u ~ t i v i t y ~ - ~ , ' ~  and se l f -d i f f~s ion l~ -~~  which lead to the 
conclusion that in most nematics a mass transport is easier in the 
ordering direction than in the perpendicular direction. 

The most interesting effects are observed at the nematic-smectic 
A transition point. For both, 8-CB (Figure 1) and n-AB (Figure 2), 
the parallel component of conductivity IT,, considerably decreases at 

4.7 - 
E - 4 . 3  

4.5 - E 
- 4.1 

- 3.9 

- 3.7 

4.3 - 

4.1 - 
I c 3.7 

-74 

- 7 6  
Log 6 - 

- 7 8  - n =  8 - - 8  8 

I1 
--9 0 m = 7  -80 - 

I I 
- 8 2  - N I - - 9 2  

60' 7 0 °  800 90" 60' 70' 800 t , "C  9oc 

C " H 2 , + , - 0 ~ C - O ~  0 -  CmHPm+, 

0 

FIGURE 3 
phenyl-p'-alkoxybenzoates. 

Static electric permittivity, (E), and conductivity, (a), of some p-alkyloxy- 
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22 J .  JADZYN AND P. KCDZIORA 

TABLE I1 
Activation energy of conductivity (in kcalimol). 

Isotropic Nematic Srnectic A 

E* E A,! E A .  EA, ,  E A I 

n =  5 
6 
7 
8 

- - 7.0 11.3 12.7 
7.8 10.1 11.6 
6.3 13.6 14.2 
6.5 20.1 19.9 19.6 15.7 

- - 
- - 

0 

n =  5 
6 
7 
8 

- - 8.8 6.4 7.5 
5.3 10.9 8 6  
5.6 7.4 3 7  6.9 6.1 
6.3 5.9 7.4 

0 

n = 8  m = 5  4.4 14.0 9.5 
8 7 7.4 16.0 9.3 - - 

10 5 8.5 18.1 9.4 20.8 10.6 
11 5 9.1 8.9 

the transition point, while the perpendicular component ul practically 
does not see the transition at all. This leads to a change of sign of 
electric conductivity anisotropy from q,h1 > 1 in nematic phase to 
u,/cr, < 1 in smectic phase. Analogous effect was observed in studies 
of anisotropy of the diffusion coefficient. Ih  

The formation of smectic layers in liquid crystals of n-CB and 
n-AB types strongly affects the movement of ions in the direction 
perpendicular to  the smectic layers only. For ions moving along the 
direction parallel to the layers, smectics still seem to have the nematic 
structure. 

The results obtained for p-alkyloxyphenyl-p'-alkoxybenzoates are 
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ANISOTROPY OF ELECTRICAL PROPERTIES 23 

shown in Figure 3. In these compounds the smectic A phase trans- 
forms to a smectic C phase on cooling. Of course, because of biaxiality 
of the latter phase the results of simple measurements of the per- 
pendicular and parallel components cannot be interpreted as those 
for a uniaxial system. However, it is worth noticing, that for the 
studied homologs of this group the temperature dependences of both 
electric permittivities and conductivities are surprisingly similar in all 
mesophases (Figure 3). For the two compounds of this group (10,5 
and 113) the nematic-smectic A phase transition manifests itself as 
a considerable jump of both components of permittivity and con- 
ductivity. 

Activation energies of conductivity, calculated from the Arrhenius 
plot, are collected in Table 11. In some cases the values of EA are 
approximate because of strong pretransitional effects causing a non- 
linearity of the Arrhenius plot. 
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