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DIELECTRIC RELAXATION AND NEMATIC POTENTIAL OF
SOME NEMATOGENIC COMPOUNDS

S R KUMARASWAMY, R SOMASHEKAR, M S MADHAVA
AND D REVANNASIDDAIAH

Department of Studies in Physics, University of Mysore,
Mysore 570 006, India

Abstract: Component of ¢ of dielectric tensor has been studied in the nematic
phase of three nematogenic compounds namely, 6 OCB, 7 OCB and IPBOC. Using
the relaxation data the nematic potential associated with the above molecules has
been estimated based on Maier and Saupe mean field theory.

INTRODUCTION

It is well known that the dielectric constants ¢j and ¢, are frequency dependent.
The perpendicular component € exhibits relaxation only in the microwave region.
The parallel component ¢ shows relaxation even in the lower frequency region also.
This low frequency relaxation of ¢, was first observed by Maier and Meier '? in
several members of the p-azoxyanisole series. The low frequency relaxation mech-
anism can be attributed to the reorientation motion of the molecules around an
axis perpendicular to their longitudinal axis®. Mircea-Roussel and Rondelez 2 from
their studies on the low frequency dispersion of ¢ have estimated the activation
energy in different members of the homologous series of 4,4’-di-n-alkoxy azoxyben-
zenes. Later, the study of low frequency dielectric dispersion of ¢; in the nematic
phase of liquid crystals exhibiting large and low positive dielectric anisotropy has
been the subject matter of several investigators'~!!. In the following we discuss
the low frequency dielectric dispersion of ¢ and nematic potentials of the three ne-
matogenic compounds, namely, {i) 4’-(hexyloxy)-4- biphenylcarbonitrile (6 OCB)
,(ii) 4’-(heptyloxy)-4- biphenylcarbonitrile (7 OCB), (iii)4-isothiocyanatopheny!-
4-pentylbicyclo (2,2,2) octane-1-carboxylate (IPBOC). The dielectric relaxation
of 7OCB is reported over a frequency range upto 18 GHz and over a temperature
well into the isotropic phase!?. However, the type of dielectric studies and the

temperature range reported in this study do not overlap with the earlier work.

EXPERIMENTAL

The low frequency dielectric relaxation of ¢ was carried out at Liquid Crystal
Laboratory, Raman Research Institute, Bangalore, using an experimental set up
described in our earlier paper!®. For each of the nematic compounds the dispersion
of dielectric constants was measured at different fixed temperatures {maintained
constant in each case to within + 25mK) in the nematic phase, in the range of
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frequencies 5 Hz to 13 MHz using Hewlett packard impedance analyser (model HP
4192A).

RESULTS AND DISCUSSION

The frequency dependence of the dielectric loss, e“ is plotted for different tem-
peratures and is shown in Figures 1(a,b,c) for all the three nematic compounds. As
expected, the maximum of ea decreases slowly with increasing temperature, while
the frequency at which the maximum of 61! occurs increases with temperature.
This may be due to the fact that the orientation polarization which determines
the magnitude of ea decreases at higher temperature due to the decrease of ori-
entational order parameter. The Cole-Cole plot ! of el'I’ against e;‘ is also given
in Figures 2(a,b,c) for different temperatures. For all the three compounds, the
experimental points lie on a semi circle with centre on 6'“ axis indicating that the
relaxation process can be characterized by a single relaxation frequency frp. With
the increase in temperature, the radius of the semi circle decreases and the cen-
tre shifts to a lower value of e'". Here we have determined the radius by fitting a
least squares circle and hence estimated the corresponding value of the relaxation
frequency fr.

From the relaxation frequencies estimated from the above figures we have
calculated the relaxation time 1 corresponding to the reorientation of the lon-
gitudinal component of the dipole moment () in the nematic phase, using the
relation Tp = 1/27 fp = Aexp(W/kpT). Here, W represents the activation energy
for dielectric relaxation in the nematic phase and kp is the Boltzmann constant.
The value of T decreases with increase of temperature. Using Arrhenius plot 3¢
we find that 7 do obey exp(W/kgT) law in the nematic phase for all the com-
pounds. Thus it was possible to calculate the activation energy for the dielectric
relaxation in the nematic phase, from the slope of straight line graph of In(mg)

versus 1/T. Table 1 gives the activation energies estimated for different nematic

Table 1: The activation energies(W) and the values of &, in the case of some

gematogenic compounds.

Compound W{in eV) k, (in kJ mol™!)
6 OCB 0.76 7.25
7 0OCB 0.75 7.60
IPBOC 0.72 5.57

6 CB - 7.5
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Figure 1(a,b). The representative loss curves at different temperatures in the nematic phases

of (a) 6 OCB and (b) 7 OCB .
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Figure 1(c) The representative loss curves at different temperatures in the nematic pbase

of IPBOC.
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Figure 2(a) Cole-Cole plots in the nematic phase of 6 OCB.
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Figure 3. Plot of nematic potential g(in kJmol~! ) versus orientational order parameter
S in the cases of (i) 6 OCB , (ii} 7 OCB and (iii) IPBOC.
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compounds. It may be noted from Table 1 that the activation energy is more in
all the compounds. This is due to fact that the effective parallel component of
corresponding dipole moment along the length of the molecule is larger.

Using the fp data estimated from Figures 1 and 2 and the formula derived by

Meier and Saupe !® for retardation factor g ie.,

—7) —-1j (1).

we have also calculated the nematic potential'® ¢ using a minimization programme
as a function of temperature at atmospheric pressure. The normal Debye relax-
ation time 7y has been estimated by extrapolation of 7, to the lowest nematic
phase. It is found that the variation of nematic potential ¢ with temperature fol-
lows a trend which is similar to the orientational order parameter S. It has also
been noticed by earlier investigators !7 that q = k,S, where k, is a proportionality
constant. According to this relation a plot of ¢ versus S should exhibit a straight
line with a slope equal to k,. This result has been verified (see Figure 3) in all
the three compounds using the estimated values of nematic potential g and the
orientational order parameter '®. Table 1 gives the values of k, estimated for all
the compounds from the slopes of the straight lines shown in Figure 3 . The value
of k, reported for 6 CB!6 is also shown in Table 1 for comparison. These studies
clearly indicate that the dipole-dipole correlations in the nematic phase essentially
determine the behaviour of dielectric constant with frequency and temperature.
Only pressure can affect such types of interactions .

REFERENCES

1. W Maier and G Meier, Z. Natur forsch., 16a,262 (1961)

2. W Maier and G Meier, Z.Natur forsch., 16a, 470 (1961)

3. A Mircea-Roussel and F Rondelez, J.Chem.Phys., 63, 2311 (1975)
4

5

. H Kresse, P Schmidt and D Demus, Phys.Stat.Sol., 31a, 315 (1975)
. P G Cummins, D A Dunmur and D A Laidler, Mol.Cryst.Lig.Cryst., 30, 109
(1975)
6. M Davies, R Moutran, A H Price, M S Beevers and G Williams,
J.C.S.Faraday Trans:II, 72, 1447 (1976)
7. B R Ratna and R Shashidhar, Mol.Cryst.Lig.Cryst., 42, 185 (1977)
8. C Nagabhushan, B R Ratna, V N Raja, R Shashidhar, S Chandrasekhar and
G Heppke, Mol.Cryst.Liq.Cryst., 138, 245 (1986)
9. C Nagabhushan, H Kresse, W Weissflog and R Shashidhar, Phys.Stat.Sol.(a).
K77, (1987)




Downloaded by [University of California, San Diego] at 11:50 21 August 2012

10.

11.
12.
13.

14.
15.
16.
17.
18.

19.

DIELECTRIC RELAXATION IN SOME NEMATOGENIC COMPOUNDS [1885)/7

E I Ryumtsev, A P Kovshik, B S Saburov, I Radzhad, V S Berzborodov and
V N Tsvetkov, Dokl.Akad.Nauk.SSSR, 315, 1168 (1990)

D S Kalika and Yoon Doy, Macromolecules. 24, 3404 (1991)

A Buka, P G Owen and A H Price, Mol.Cryst.Liq.Cryst., 51, 273 (1979)

S R Kumaraswamy, R Somashekar, M S Madhava and D Revannsiddaiah,
Mol.Cryst.Lig.Cryst., 26, 51 (1995)

K S Cole and R H Cole, J.Chem.Phys., 9, 341 (1941)

W Meier and A Saupe, Mol.Crysts., 1, 515 (1966)

W Maier and A Saupe, Z.Natur forsch., 14, 982(1960); 15, 287 (1960)

S Urban, T Bruckert and A Wurflinger, Liguid Crystals, 15, 919 (1993)

S R Kumaraswamy, M S Madhava, R Somashekar and D Revannasiddaiah,
Communicated (1996).

S Urban and A Wurflinger, Liquid Crystals, 12, 931 (1992)






