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The present paper reports the comparative optical behavior of a pure nematic mixture E-24 and its anthraquinone
dye doped sample. The variation in the ordinary and extraordinary refractive index (n,, n,) of the pure and dye doped
samples with temperature has been discussed and it has been found that doped sample have a less refractive index
compared to the pure sample. The variation in the order parameter for pure and doped samples with temperature has
been discussed and it has been seen that the doped sample has a higher order parameter; the possible reasons have
been discussed. The variations in birefringence and optical transmittance have also been presented here.
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1. INTRODUCTION

Liquid crystals are very important materials because of their
technological importance, but a single liquid crystal material
cannot fulfill all the requirements for a practical device. There-
fore, the different mixtures of liquid crystals and their doped
samples have gained growing interest. These doped samples
have emerging prospects regarding their applications in in-
formation processing [1]. The doping can be done by dyes,
polymers, composites, nano particles. Generally, dyes have an
elongated molecular structure similar to the molecules of liquid
crystals. When dyes are dissolved in the liquid crystals, they take
up an orientation such that all the long axes lie substantially in
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the same direction as that of the molecules of liquid crystal. The
magnitude for the ordering of the dye is very important, and if
the dye molecule is long, it's ordering can be quite high in com-
parison to the ordering found in the liquid crystal. This occurs
due to the reduction in thermal motion for the longer dye mole-
cule. The long axis of the dye molecule does not absorb light very
much while the axis orthogonal to the long molecular axis of the
dye molecules absorbs more light than the shorter axis.

Liquid crystals also demonstrate a nonlinear response and
are sensitive to their optical environments. Several nonlinear
mechanisms have revealed the promising character of these ma-
terials. The difference in refractive indices measured along and
perpendicular to the director axis brings a property birefringence
(An=n.-n,) from the visible to the infrared region. This property
provides an opportunity for various potential applications [2].
Director axis reorientation based effects causing a change of
refractive index and observations of several interesting dynamic
and storage wave-mixing effects have also been extensively stud-
ied [2-4].

It has been found that doping with a small amount of dye de-
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Fig. 1. Anthraquinone dye used for present investigation.

creases the required threshold of molecular reorientation in dye-
doped nematic liquid crystals. This phenomenon demonstrates
potential application in areas such as holographic data storage.
Birefringence property and its dependency on molecular reori-
entation play an important role in understanding the molecular
mechanism. Moreover, birefringence enhancement is of primary
importance for the innovation of different electro-optic applica-
tions [5,6]. Various studies have been done to study the effects of
dye, Cg, polymer, carbon nanotube (CNT) and their combina-
tions on liquid crystal properties [7-16]. Our group has also re-
ported the effect of dye and nano particles on the dielectric and
optical properties of nematic liquid crystals [14-17]. The refrac-
tive indices, order parameter, density and optical transmittance
for pure nematic mixture E-24 have already been published by
our group [18].

In view of the above requirements, it is worthwhile to study
the properties of a dye doped liquid crystal.

2. EXPERIMENTS

The sample used for the present investigation was nematic
mixture E-24 supplied by BDH, England, and it was used without
further purification. The transition scheme of the sample is as
follows

Crystal <€, Nematic <2¥C Isotropic

The dye used for preparing the guest-host mixture is an an-
thraquinone dye, 1,5-Diamino-2(4-heptyloxy-phenyl)-4,8- dihy-
droxy-anthraquinone, (Chemical Composition: C,;H,;N,05). The
structure of the dye is given in Fig. 1. The method of preparation
regarding the guest-host mixture has been discussed in our ear-
lier paper [17]. The ordinary refractive index (n,) has been mea-
sured using Abbe’s refractometer within an accuracy of 0.0001.
The wedge method [19,20] was used for the determination of the
extraordinary refractive index (n,) for the material, which was
modified by Sarna et al. [21,22], as the extraordinary refractive
index is sometimes greater than the measuring limit of Abbe’s
refractometer. The guest-host mixture with anthraquinone dye
was used for measuring the ordinary and extraordinary refractive
indices of the dye doped sample.

The nematic-isotropic transition temperature of the nematic
sample E-24 and that of the dye doped sample have also been
identified with the help of optical transmittance. The process of
optical transmittance measurement has already been discussed
elsewhere [17].

2.1 Theory

Since a homogeneously aligned nematic sample behaves like a
uniaxial crystal, the relation between the refractive indices paral-
lel and perpendicular to the director of the molecular alignment
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Fig. 2. Plot between refractive indices and temperature for the pure
and dye doped sample (E-24 and its guest-host mixture with anthra-
quinone dye).

and macroscopic order parameter (Q) may be given as:

- 2
n=n +§Q.An 1)

-1
ann—EQ.An )

Here, n is the average refractive index and An is the birefrin-
gence corresponding to complete the alignment and for uniaxial
crystal n = n,, n,=n, [23]. From the above Egs. 1 and 2, we ob-
tain

0= |t _n—h, 3)

where 6n =n,- n,

The value of macroscopic order parameter Q=1 shows the
complete order of the sample at absolute zero temperature, that
is at 0K, on = An. Thus, the macroscopic order parameter Q has
been obtained by extrapolating on for T = 0 K. This extrapolation
is done on the linear portion of the graph drawn between the bi-
refringence (n) versus In (1-T/Tc) as reported by others [21, 24].

3. RESULTS AND DISCUSSION

The variation of ordinary and extraordinary refractive indices
(n,, n,) with temperature for the nematic sample E-24 along with
the guest-host mixture (with anthraquinone dye) is shown in Fig.
2. In the isotropic phase, both samples show similar behaviour
in that the refractive index decreases with an increase in tem-
perature like other normal liquid crystals [24]. The ordinary and
extraordinary refractive indices (n,, n,) of the guest-host mixture
are slightly less than that of the nematic sample E-24 [25-27].
The nematic-isotropic transition temperature of the sample E-24
is 54°C while that of the guest-host mixture is 51°C, and at these
temperatures the values of refractive indices change abruptly. A
similar type of behaviour has also been reported for other nem-
atic mixtures by several other workers [17, 25-27].The change
in transition temperature of the guest-host mixture is approxi-
mately 3°C, and such a small change in transition temperature
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Fig. 3. Plot between order parameter and temperature for the pure
and dye doped sample (E-24 and its guest-host mixture with anthra-
quinone dye).
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Fig. 4. Plot between optical birefringence and temperature for the
pure and dye doped sample (E-24 and its guest-host mixture with
anthraquinone dye)

was expected possibly because of the presence of the dye mol-
ecules in the nematic host, as they act as an impurity to the host.
W. Haase et al. reported similar behaviour in a nematic host [28].
It is worth mentioning here that the clearing point can either
increase or decrease depending on the compatibility of the dye
with the host [26,28,29].

Figure 3 shows the variation of the macroscopic order param-
eter (Q) for nematic E-24 along with the guest-host mixture. It
may be seen that the order parameters of both samples change
abruptly at the nematic-isotropic transition, that is, at 54°C and
51°C for the nematic E-24 and guest-host mixture, respectively.
The macroscopic order parameter of the guest-host mixture is
slightly greater than that of the nematic E-24. This type of behav-
iour has also been reported by several researchers [28,30,31], but
Chigrinov et al. revealed that there is a large decrease in the order
parameter [32].

The variation of birefringence (3n) with temperature (Fig. 4)
shows that én becomes zero at temperatures 54°C and 51C for
the nematic E-24 and guest-host mixture, respectively, indicat-
ing the isotropic phase of the samples. In the nematic region, the
birefringence decreases with an increase in temperature. The
birefringence of the guest-host mixture also decreases as in the
case of the host E-24 and has been previously reported [25]. This
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Fig. 5. Variation of percentage optical impedance with temperature

for the pure and dye doped sample (E-24 and its guest-host mixture

with anthraquinone dye).
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may increase or decrease depending upon the compatibility of
the dye with the host material.

Fig. 5 presents the variation of percentage optical transmit-
tance with temperature for the nematic sample E-24 along with
its guest-host mixture. The optical transmittance of the nematic
E-24 as well as of the guest-host sample first increases slowly
with an increase in temperature, and then it shows an abrupt
increase at the nematic-isotropic transition for both samples.
And as the samples go into the isotropic phase, the optical trans-
mittance attains its maximum value. With further increase in
temperature it remains almost constant. This type of behaviour
has been reported by others researchers including our group [16-
17]. It can be seen that the optical transmittance of the guest-
host mixture is greater than that of the nematic E-24, possibly
because the dyes absorb more light along one axis compared to
the others [33].

The phase-transition temperatures of the nematic E-24 and
guest-host mixtures obtained from the polarizing microscope
are not sharp. The breadth of the nematic-isotropic transition
was also observed by Singh et al. [22], who concluded that the
sharpness of the transition temperature depends on the purity
(single component) of the sample. The sample used in the pres-
ent investigation is a nematic-mixture and the constituents may
behave like an impurity towards each other while in the case of
the guest-host mixture, the dye molecules are behaving like an
impurity for the host material.

4. CONCLUSIONS

It may be concluded that the phase transitions obtained by
different techniques are in good agreement for the nematic mix-
ture E-24 and also for the guest-host mixture. A slightly broader
breadth of the phase transition by the optical transmittance
measurement may be due to the presence of different compo-
nents in the nematic mixture E-24, while in the guest-host mix-
ture it may be due to the dye molecule. As expected, the optical
transmittance of the guest-host mixture yields a greater value.
Furthermore, the macroscopic order parameter of the guest-host
mixture also increases.
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