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Refractive Index, Density and Distribution
Function in Nematic Mixtures

A.P.DIVYA, M.S. MADHAVA, D. REVANNASIDDAIAH and
R. SOMASHEKAR
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Using refractive index and density data for the nematogenic mixtures Octyl benzoic acid
(OBA) and Nonyl benzoic acid (NBA), orientational order and hence the distribution func-
tion has been determined. From this higher order parameter <P,> has been computed.
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Introduction

Nematic liquid crystals and their mixtures are found to be more
useful for display devices due to their exquisite optical and electrical
properties [1-11]. Such nematic mixtures are extremely stable,
chemically as well as photochemically [12]. By mixing two
nematogens one can often obtain a material with a lower melting
point. Usually two nematogens exhibit the property of continuous
miscibility without crossing any line (first or second order transition
line) and posses the same symmetry [1]. Binary systems offer the
advantages of frequently exhibiting eutectic behaviours in their solid-
mesophase transition, whereas the mesophase-isotropic transition
temperature varies linearly with composition. In particular several
binary nematic systems have been studied and only small deviations
from linearity in the variation of nematic-isotropic transition
temperature are noted, even in cases with significant differences in
molar volumes and densities of the components. This general
behaviour has been satisfactorily accounted for theoretically by
Humphries and Luchurst [13). In this paper, we report the
experimental measurements of the refractive indices (n. , n,), and
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densities (p) at different temperatures for the mixtures of two nematic
compounds viz., OBA and NBA. Using these data, the orientational
order parameter <P,> has been estimated employing Neugebauer
relations. By considering the orientational order parameter
corresponding to the nematic-isotropic transition temperature and
based on an empirical relation, we have determined the distribution
function .From this the higher order parameter <P,> has been
computed.

Experimental

The samples used in this investigation were obtained from M/s Merck
Ltd., UK. For use in our experiments, they were purified by
recrystallization from their solutions in benzene. Mixtures of OBA in
NBA of different concentrations were prepared. The components of
mixtures were well mixed in the molten state and allowed to cool
very slowly. Its crystal to nematic and nematic to isotropic transition
temperatures were determined using a Leitz polarizing microscope
equipped with a specially constructed hot stage The densities of the
mixtures at different temperatures in the nematic and isotropic phases
were determined using capillary tube technique. The refractive
indices of the mixtures were determined at different temperatures
using a precision goniometer spectrometer SGO 1.1 (Frieiber
Prazision mechanik, East Germany) and a hollow glass prism of
small angle (3-5°) for the wavelength 5780A (Hg yellow). The
technique of measurement of refractive index and density has been
described in an earlier paper [10]. The measurement of the
temperature, refractive index and density are estimated to an accuracy
of £0.1°C, 0.001 and 0.001 gm/cm’ respectively.

Results and Di .

Figures 1 and 2 respectively show the measured densities and the
refractive indices of different mixtures (20%, 40% and 60% of OBA
in NBA) at various temperatures in the nematic and isotropic phases.
Using these data and by employing Neugebauer relations [14-16],
effective polarizabilities and hence the orientational order parameter
for all the mixtures in their nematic phase have been estimated.
Figure 3 shows the variation of the orientational order parameter with
temperature in the cases of different mixtures in their nematic phase.
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Estimati { distribution functi @) { the higl i
parameter <ps>

According to 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 [17]

f(6)=1/c [exp(-6 /20% ) + exp{ (0 -= ) /2 &2 }](1)

Where o is the deviation. The orientational order parameter or the
second moment is given by

T T
<pP>= J P; (cos (0) £ () sinb d6 / !f (0) sinb d6 (2)

Using this expression and the order parameter obtained from the
refractive index data we have estimated the parameter o by
employing the one dimensional minimization programme of
SIMPLEX [18] at various temperatures for different mixtures. Now
using the computed ¢ value we have determined the distribution
function f{0). We have plotted in Figure 4 the variation of the
distribution function f{8) with 6 for a 60% of OBA mixture at various
T.-T. The distribution function f{8) is more fundamental than the
parameters <P,> and <P,> In fact the orientational order parameter
<P;> is directly related to the measure of variance (or width) of f{6).
Higher order parameter <P,> which is a measure of Peakedness of
f{8). It is evident from Figure 4 that, with increase in temperature
<P;> as well as <P4> decrease showing that there is a decrease in the
ordering of the molecules in the nematic phase. Higher order
parameter <P,> is given by

s T/a
<P¢> =[P4 (cos (8) £ (8) sinB d6 / [ (6) sin6 dO (3)

In Figure 5, we have plotted <P,> versus <P,> for a 60% of OBA
mixture, along with the results of Maier-Saupe, Hamphries-James-
Luckhurst (HJL) and the limit, which arises from Schwartz inequality
[Ref 1, p56],

P.2(35P-10P,-7/18  (4)

The computed values of <Ps> are in agreement with Hamphries-
James-Luckhurst model which suggests that the pair correlations are
quite important in these systems and they can have a profound
influence on the interpretation of data based on a one-particle
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approximation. The fact that <P,> is smaller than predicted by Maier-

Saupe theory suggests that ¢ fluctuations are not large as expected
from the theory.
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Figure 1 variation of density with T.-T.
(a) 20% OBA+80%NBA
(b) 40%0OBA+60%NBA
(c) 60%0OBA+40%NBA
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Figure 2 variation of refractive indices with temperature.
(a) 60%O0BA+40%NBA
(b) 40%0OBA+60%NBA
(c) 20%0OBA+80%NBA

[1849]/893



Downloaded by [University of California, San Diego] at 02:41 16 August 2012

894/(1850] AP DIVYA et al.

0.58 -
0.5
v v
v
084 o4 4 T
& Y a L v
0.52 4 a * v——_.a
A — .
0.50 4 P —
o {©
*
0.48 4 s v
*
0.48 4 a
v
0.44 4 Y
&
(Y]
100 102 104 108 108
Tevpdure

Figure 3 variation of <P,> with temperature.
(a) 60%0BA+40%NBA
(b) 40%0OBA+60%NBA
(c) 20%0BA+80%NBA
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Figure 4: Variation of f{0) with 8 for a case of 60%0OBA+40%NBA
at various T,-T.

(2) To-T =10°C (b) T-T=8°C (c) Te-T=6°C (d) T.-T= 4°C
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FIGURE 5: The variation of P, with respect to P,
(a) Maier-Saupe Model
() Py > (35 P;%-10 P,-7)/18
(c) 60% of OBA+ 40% NBA
(d) Hamphries-James-Luckhurst Model

Conclusion

Using refractive index and density data for the mixtures of OBA and
NBA we have determined the_orientational order parameter <P,>and
hence distribution function has been determined. From this the higher
order parameter <P,> has been computed using Humphries-James-
Luckhurst model.estimated for these mixtures. With increase in
temperature <P,> as well as <P,> decreases showing that there is a
decrease in the ordering of the molecules in the nematic phase. Also
optical method gives a better agreement with the Hamphries-James-
Luckhurst for the plot of <P;> versus <P,> indicating that the pair
correlations are quite important.



Downloaded by [University of California, San Diego] at 02:41 16 August 2012

896/[1852] AP.DIVYA et al

Acknowledgements

Authors thank Council of Scientific and Industrial Research (CSIR),
New Delhi, India for the financial assistance (Project No.
03/0821/97/EMR-II). One of us A.P.D. also thank CSIR, New Delhi,
for the award of Senior Research Fellowship.

References

(1

(2]
(3]

[4]
(5]

{6]
("
(8]

(9
{10]

{11]
{12]
(13]
(14]
(15
[16]

[17]
(18]

P.G. de Gennes and J. Prost, The Physics of Liquid Crystals., Clarendon Press, Oxford.,
(1998).

I.G. Chistyakov, Soviet Physics Uspekhi, 9, 551 (1967).

G.R. Luckhurst and G.W. Gray, The Molecular Physics of Liquid Crystals (Eds) (Lon-
don, New York, Academic Press) p85 (1979).

A. Hauser and D. Demus, Z. Phys. Chem., 270(6), 1057 (1989).

Z. Raszewshi. J.W. Baran and J. Zmija, J. Zesz. Nauk-Politch. Logz. Fiz., 10, 181
(1989).

E.M Averyanov, Kristallografiyz, 35(4), 967 (1990).

N.V.S. Rao, D.M. Potukuchi, VGKM Pisipati, Mol. Cryst. Lig. Cryst., 196, 71 (1991).

A.P. Divya, K. Narayanamurthy, M.S. Madhava, D. Revannasiddaiah and R.
Somashekar, Mol. Cryst. Lig. Cryst., 304, 9, (1997).

S.R. Kumaraswamy, D. Krishnegowda, R. Somashekar, and D. Revannasiddaiah, Ind.
J. Phys., 66A(5), 683 (1992).

R. Somashekar, D. Revannasiddaiah, M.S. Madhava, H. Subramhanyam and D.
Krishnamurti, Mol. Cryst. Lig. Cryst., 45, 243, (1978).

H.S. Subramhanyam and D. Krishnamurti, Mol. Cryst. Lig. Cryst., 22, 230 (1973).

B. Bahadur, Liquid crystal displays, Mol. Cryst. Lig Cryst., 109, 1-98 (1984).

} R.L. Humphries and G.R. Luckhurst, Chem. Phys. Lert. 23, 667 (1973).

H.E.J. Neugebauer, Can, J. Phys. 28, 292 (1950).

H.E.J. Neugebauer, Can. J. Phys. 28, 292 (1950).

Nagappa D. Revannasiddaiah and D. Krishnamurti, Mol. Cryst. Lig. Cryst., 101, 103
(1983).

A. Sugumura and T. Kawamura, Jap. J. App. Phys., 24(3), 245 (1985).

W. Press, B.P. Flannery, S. Teukolsky and W.T. Vetterling, Numerical Recipes 83-85
(1986).



