This article was downloaded by: [University of California, San Diego]

On: 21 August 2012, At: 11:50

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid
Crystals

—— Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Order Parameter and Distribution Functions for
Nematogenic OBA and NBA

AP Divya ? , K Narayanamurthy # , M S Madhava ? , D Revannasiddaiah * & R Somashekar *

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

Version of record first published: 04 Oct 2006

To cite this article: A P Divya, K Narayanamurthy, M S Madhava, D Revannasiddaiah & R Somashekar (1997): Order Parameter
and Distribution Functions for Nematogenic OBA and NBA, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 304:1, 9-13

To link to this article: http://dx.doi.org/10.1080/10587259708046937

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708046937
http://www.tandfonline.com/page/terms-and-conditions

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

Mol. Cryst. Lig. Cryst., 1997, Vol. 304, pp. 9-13 © 1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in India

ORDER PARAMETER AND DISTRIBUTION FUNCTIONS
FOR NEMATOGENIC OBA AND NBA

A P DIVYA, K NARAYANAMURTHY, M § MADHAVA,
D REVANNASIDDAIAH AND R SOMASHEKAR

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

Abstract Using refractive index and density data for nematogenic compounds
Octyl benzoic acid (OBA) and Nonyl benzoic acid (NBA), orientational order
and hence distribution function has been determined. From this, the higher or-
der parameter <P,> has been estimated for these two compounds. The physical
interpretation of these parameters <Py> and <Py> has been given in terms of
statistical quantities like variance and kurtosis.

INTRODUCTION

Alkyl benzoic acids are the simplest type of liquid crystals and the nematic phase
in these compounds have been reported earlier!. These compounds are used to
form synthetic media in electro-optic devices. There is a continued interest in the
nematic liquid crystals due to their wide range of exquisite optical and physical

2-11 " One such property is the orientational order parameter, which

properties
determines the applicability of the nematics in electro-optic devices or displays.
To explain the temperature dependence of the orientational order paramcter, the
molecular field theory of the nematics using anisotropic dispersion forces was given
by Maier and Saupe !?> which is essentially an extension of London theory 314,
In this paper we report the results of the experimental measurements of the
refractive indices and densities of OBA and NBA compounds at different temper-
atures. Using these data, the orientational order parameter has been estimated
employing Neugebauer relations. By considering the orientational order param-
eter corresponding to the nematic-isotropic transition temperature and based on
an empirical relation, we have determined the distribution function and hence the
higher order parameter < Py > for OBA and NBA. The fundamental concept of
order parameter < P; > and higher order parameter < P4y > has been discussed

in terms of distribution function.

EXPERIMENTAL

The compounds (Octyl benzoic acid (OBA) and Nonyl benzoic acid (NBA))
were obtained from M/s Merck Ltd., U.K. For use in our experiments, they were
purified by recrystallization from their solutions in benzene. The nematic-isotropic

transition temperatures (T) were determined using a polarizing microscope and a

(188719
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specially constructed hot stage. The observed values are in good agreement with
the reported values. The refractive index measurements were made using a go-
piometer spectrometer and a hollow glass prism of small angle (3-5%) for the wave-
lengths 4358,5461 and 5780 A. The technique of measurement has been described
in an earlier paper !, The densities at different temperatures in the nematic and
isotropic phases were determined by using capillary tube technique . The mea-
sured refractive index and density data are given in Table 1. The measurements
of the temperature, refractive index and density are estimated to be accurate to
within +£0.1°C,0.001 and 0.001gm/cm?® respectively.

RESULTS AND DISCUSSION

Madhusudana !® has analysed the various approaches used to calculate the
principal polarizabilities ¢, and «, and has suggested that when reliable density
data exist, it is more meaningful to use Neugebauer relations. Also, it has been
found by various investigators that the polarizabilities obtained by Neugebauer’s
approach can be accounted for using bond polarizability data '%!516, Hence we
have used Neugebauer’s relations for the calculations of . and «,. Using Haller’s
extrapolation procedure ' and also from bond polarizability data, we have es-
timated the polarizability anisotropy (ay — a;) of the molecule and hence the
orientational order parameter. It has been observed that the macroscopic tech-
niques like magnetic and optical birefringence of obtaining the order parameter are
more significant than the scattering methods like X-ray which gives informations
which are in between the local (NMR) and macroscopic ones (magnetic and optical
birefringence) 8. Normally this difference is not considered while comparing the
distribution function with that of Maier-Saupe model.

In accordance with the Maier-Saupe model, the distribution function f(8) of
a nematogenic system can be assumed to form a Gaussian distribution around the
director and can be written as'®
(6 —m)?

202

£(0) = leapl—5 ) + exp{~ O T (1)

202

where o is the deviation. The orientational order parameter or the second moment

is given by

J* Py(cos 8) £(6) sin 86
foﬂ/ ® £(0) sin8do

Using this expression and the order parameter obtained from the refractive in-

< Py>=

(2).

dex data we have estimated the parameter ¢ by employing the one-dimensional -

minimization programe of SIMPLEX % at various temperatures. Now using this
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o value we have determined the distribution functions which are given in Figure
1(a and b) for OBA and NBA at-various temperatures. Higher order parameter
< Py > is given by

f"lz Py(cos 6} f(0) sin6dd

Q
JT* £(6) sin 6a8

< Py >=

(3)

and the values are given in Table 1. These values are of the same order of magni-
tude as reported earlier for different nematogenic compounds from X-ray intensity

data 8.

Table 1(a). Refractive index, density and orientational order parameter for

OBA
T.-T A 4358 A 5461 A 5780 P <Py> <«<Py>

°C Te o Tle Mo Te T, (gm/cc)
12.0 1.602 1.472 1.573 1.460 1.568 1.457 0.911 0.578 0.161
10.0 1.699 1472 1570 1.460 1.565 1.457 0.907 0.539 0.127

8.0 1.595 .1.472 1.566 1.460 1.561 1.457 0.904 0.518 0.112
6.0 1.591 1473 1.562 1.461 1.557 1.458 0.901 0.489 0.092
4.0 1.586 1.474 1.558 1.462 1.553 1.459 0.897 0.439 0.064
2.0 1.582 1476 1.554 1.464 1549 1.461 0.894 0389 0.044
-1.0(is0)1.512 1.493 1.489 0.887

Table 1(b). Refractive index, density and orientational order parameter for

NBA
T.-T A 4358 A 5461 A 5780 P <Py> <Py>

°C Ne T, N, o T, T, (gm/ce)
15.0 1.617 1472 1593 1461 1.585 1.455 0.899 0.518 0.112
13.0 1.609 1.473 1.585 1.463 1.577 1.456 0.898 0.509 0.105

11.0 1.601 .1.474 1.577 1.464 1569 1.458 0.896 0.499 0.098
9.0 1.593 1.475 1.569 1.4656 1.563 1.459 0.893 0.469 0.079
7.0 1.5687 1477 1.563 1466 1.5566 1.461 0.891 0.444 0.071
5.0 1.581 1.478 1.556 1.466 1.551 1.461 0.887 0.439 0.064
3.0 1.575 1.479 1.562 1.467 1.546 1.462 0.884 0.379 0.039
1.0 1.566 1.482 1.544 1.469 1.538 1.463 0.880 0.349 0.029
-1.0(is0)1.512 1.493 1.489 0.878

It is to be noted here that the distribution function f(¢) is more fundamental
than the parameters < P, > and < Py > . In fact the orientational order pa-

rameter S (or < P, >) is directly related to the measure of variance (or width)
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of the distribution function of f(cosf). Higher order parameter < P; > which

is a measure of Peakedness of the distribution function f(cosf) and it is called

the kurtosis. With increase in temperature the variance as well as the kurtosis

decrease showing that there is a decrease in the ordering of the molecules in the

nematic phase.
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Figure 1. Distribution functions for OBA(a) and HBA(b).





