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The dielectric spectra of several nematics. such as derivatives of cyclohexane and biphenyl. azoxy- 
benzenes. benzoate esters and tolanes are reported. In each case, the complex permittivity meas- 
urements are performed for the t w o  main directions of the nematic sample (parallel and perpen- 
dicular to the optical axis), up to the microwave region. A comparison of the spectra has led to a 
partial assignment of the absorptions observed. In fact. the spectra differ significantly with mo- 
lecular structure. The dielectric dispersion is analyzed and interpreted as a function of the specific- 
i t y  of the different molecular groups, i.e.. the bridginggroups, the rings, or the terminal substitu- 
ent groups. The interpretations proposed (reorientation motions, molecular interaction) are 
discussed. 

INTRODUCTION 

Recently, several reviews on liquid crystal dielectric properties have been pub- 
lished.' These reviews are mainly concerned with the static or low frequency 
permittivities. However, most of the relaxation mechanisms take place in the 
gigahertz region. We report here the preliminary results on dielectric disper- 
sion in nematics as a function of molecular structure up to 25 GHz. 

Such a study allows us: 

-to predict, from molecular structure, the static dielectric anisotropy of 
mesomorphous substances, an important factor for applications. 

-to get a better understanding of the reasons for the existence of meso- 
phases by pointing out the particular molecular interactions occurring for 
these compounds. 
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I16 J. P. PARNEIX and A. CHAPOTON 

THE SUBSTANCES INVESTIGATED 

In order to specify the effects of various constituent groups on molecular 
interactions and their involvement in dielectric anisotropy, we have carried 
out a systematic study, investigating the influences of bridging groups, side 
chains and rings for a molecule of the general formula: 

SIDE ~ R I D G I N G - I D E  GROUP CHAIN 
CHAIN 

GENERAL FORMULA 

We investigated several nematic compounds with the above molecular 
structure i.e., cyclohexanes, biphenyls, azoxybenzenes, tolanes and benzoates 
esters. 

EXPERIMENTAL 

The permittivity measurements (t* = t' - jd') over the wide frequency range 
(1 Hz - 25 GHz) were made using only three cells: 

-a parallel plate capacitor cell located at theend ofa  coaxial line which was 
used up to 1 GHz. The cell and the corresponding measuring devices were 
described in a previous publication.' 

-a distributed constant cell which was used between 1 GHz and 18 GHz. It 
consisted of a short circuited hybrid structure with the same geometrical sizes 
as the standard coaxial APC 7 connector. The measuring device was a Hewlett 
Packard network analyzer connected to a H.P. 9825 computer. A numerical 
method was used to obtain, at each frequency previously chosen, the permit- 
tivity components of the sample filling the ceK3 

-a classical short-circuited waveguide cell which was used up to 25 GHz. 
In this frequency range the measurements were carried out using a Hewlett 
Packard waveguide reflectometer. 

In all cases, the measuring field strength was chosen so that nonlinear ef- 
fects were negligible. 

The alignment of samples was achieved by means of an external magnetic 
field of 10 kG. Misalignment effects due to cell walls were negligible for a 
magnetic induction higher than 4 kG.4 

The temperature of various cells was maintained constant to within 
f0.05"C using an electronic regulated heating stage. 

Therefore, the overall accuracy is estimated to be less than 2% on t'and 5% 
on e". 

Because of the uniaxial symmetry in nematics, two permittivities can be de- 
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DYNAMIC DIELECTRIC ANISOTROPY 117 

fined for the measuring electric field parallel (tif) or perpendicular (E?) to the 
sample optical axis. The dielectric dispersion is quite different within these 
two directions as will be shown below. We give the experimental results in the 
form of Cole and Cole diagrams at constant temperature as is usual for di- 
electric dispersion studies. 

1. Varlatlon of the brldglng group and side chalns 
In Figure 1, the results obtained for the principal permittivities €if and t? are 
given for various substances. The chemical formulae of the constituent mole- 
cules are given for each substance on the corresponding figure. 

Some remarks can be made about the different dielectric absorption 
observed: 

-in the case of the cyanobiphenyl (Figure la), we note a single Debye do- 
main at radiofrequencies for t?, whilst for t? a broadened domain at  middle 
frequencies is evident. 

-with the tolane derivative (Figure lb), the two precedingabsorptions van- 
ish completely and new domains of relaxation are observed in the gigahertz 
region. 

-for the azoxybenzene derivatives and the benzoate ester derivative, we 
obtain similar spectra, i.e., a Debye domain at radiofrequencies for tif and a 
domain at middle frequencies for the two directions. The parallel component 
is clearly separated from the radiofrequency domain, while the perpendicular 
component is slightly broadened toward the high frequencies when an alkoxy 
group is substituted for an alkyl group in the side chains. 

2. Varlatlon of rlngs 
We give, in Figure 2, the results obtained when a cyclohexane ring is substi- 
tuted for a benzene ring (PCH7) starting from the heptylcyanobiphenyl CB7, 
or when the same substitution is carried out for both rings (CCH7). The results 
clearly show the changes in the dielectric absorption for the two directions. 

Furthermore, it should be noted that for CCH7, t i is  obtained when the di- 
recting magnetic field is perpendicular to the measuring electric field and con- 
versely for ti. This indicates the existence of a negative anisotropy of the mo- 
lecular diamagnetic susceptibility in the case of this s u b ~ t a n c e . ~  

DISCUSS 10 N 

1. Radiofrequency absorption 
We shall consider the radiofrequency domain, which is usually the most stud- 
ied because it is quite easy to obtain experimentally. It is well-known that the 
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J. P. PARNEIX and A. CHAPOTON 

I 

4 8 
FIGURE la Cheptyl 4'-cyanobiphenyl (CB7). 

FIGURE I b  Qpropoxy 4'-heptyltolane. 

FIGURE Ic Qmethoxy-phenylazoxy-4'-butylbenzene (MPABB). 

t1  :[ 
' 1c 

/ 

100 \ ,  
3 3.5 E '  

FIGURE Id 4,4'-heptylazoxybenztne (HEFTAB). 
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DYNAMIC DIELECTRIC ANISOTROPY I19 

t " 

1 

3 4 5 E' 

FIGURE le  4hexoxy 4'-heptoxybenzoate. 

FIGURE 1 
quencies are given in MHz. 

Cole-Cole plots of  e $  and ef in the nematic phase of various substances. The fre- 

corresponding dielectric absorption is connnected with the orientation of the 
longitudinal component plof the molecular dipole moment around the trans- 
verse axis.6 This motion is much hindered by the nematic potential leading to 
large activation energies, as can be seen in Figure 3. 

This figure shows the variations ofthe critical frequency against the inverse 
absolute temperature. The slope of straight lines deduced for each substance 
gives the activation energy W. It can be noted that the lowest value for W is 
obtained with the cyanobiphenyl CB7. This can be understood as follows: the 
biphenyl molecules are nearly flat, and hence molecular rotations are likely to 
be easier than for the others. Especially, we can see the influence of rings on 
the activation energy: Wincreases from CB, to CCH,. We can expect a more 
rigid molecular order with CCH7. 

2. Other relaxation mechanisms 
Clearly two distinct mechanisms appear in unusual ranges of frequencies for 
liquid substances. The corresponding motions are again hindered by the ne- 
matic potential, but less than the motion investigated before. This time, they 
are connected with the orientation of the transverse component p t  of dipole 
moments around the longitudinal axis. However, the experimental results 
allow us to distinguish between two motions according to the polar group po- 
sition inside the molecule: 

-the first motion is connected with the polar groups existing in the side 
chains. This can be seen in Figure l b  for tolane. The bridge -CEC- is non 
polar. The only polar groups are in the side chains. The alkyl dipole is quasi- 
counteracted by the longitudinal component of the alkoxy group leading to a 
very small radiofrequency domain. Then the perpendicular component of the 
alkoxy group alone is responsible for the dispersion observed. Using a method 
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I20 J.  P. PARNEIX and A. CHAPOTON 

)El' CB7 

FIGURE 2a Cole-Cole plots of c f .  

E" 

50 CB7 

3 4 5 6 E' 

FIGURE 2b Cole-Cole plots of e:. 

3 4 5 6 E' 

FIGURE 2b Cole-Cole plots of e:. 

CB7 C 7 H l J w C N  

FIGURE 2 Cole-Cole plots in the nematic phase of cyano derivatives. The frequencies are 
given in MHz. 

previously reported,6 the dipole moment (1.3 D) and its tilting relative to the 
para-axis of the benzene ring (72") agree quite well with the corresponding 
tabulated data.' The absorption takes place in the gigahertz range. Its ampli- 
tudee'his about 0.3 in the perpendicular direction. This is observed again with 
M.P.A.B.B. (Figure lc). For this substance the corresponding contribution in 
the parallel direction is too small to be observed. Finally, it can also be seen 
with the benzoate ester derivative (Figure le), where it is responsible for the 
broadening observed, although it is less pronounced than before because there 
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MH z fc  

121 

W ?J .86 eV 

\ 

eV 

I 

28 30 32 ' G44.K-C1 
FIGURE 3 
frequency absorption). 

The critical frequencies as a function of I/Tfor various nematiccompounds (radio- 

is an alkoxy dipole group in each side chain leading statistically to a lower 
resultant perpendicular component. 

-the second relaxation process involved in this section is connected with 
the perpendicular component of the bridge dipole moment. The existence of 
such a group leads in each case to a middle frequency absorption (-500 MHz) 
in the two directions (see Figures lc, Id, le). The lower frequency range (than 
for the chains) indicates that the bridging group is more rigidly fixed in the 
molecular body than the chains which can rotate almost freely. The corre- 
sponding dipole moment values calculated corroborated this interpretation. 

Finally, in Figure 2, the molecular deformation can be seen on passing from 
the linear CB7 to the chairlike molecule of CCH7. The existence of a perpen- 
dicular component for the molecular dipole moment leads to the appearance 
of a middle frequency absorption in each measurement direction. 

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

2:
41

 2
1 

Fe
br

ua
ry

 2
01

3 



122 J. P. PARNEIX and A. CHAPOTON 

CONCLUSION 

To sum up, our experimental results show the usefulness of the dielectric re- 
laxation measurements particularly in the microwave region. They specify 
various motions of group moments according to their positions inside the mo- 
lecular structure. Using further experimental investigation they could allow a 
better understanding of mechanisms responsible for the existence of 
mesophases. 
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