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In  the present  investigation  optical,  electro-optical  and dielectric  properties  have  been  measured  for
nematic  liquid  crystal  (NLC)  material  1550C  which  consists  of 4’-(trans,  trans-4-alkylbicyclohexyl)  car-
bonates  and 4’-(4-(trans,trans-4-alkyl)-4-cyanobicyclohexane,  dispersed  with  fluorescent  dye (Benzo
2,1,3  Thiadiazole)  in  two  different  concentrations.  Photoluminescence  has  been  enhanced  for  a  dye  dis-
persed system  which  is  the  key  finding  of this  investigation.  UV  absorbance  study  has  also  been  performed
and  found  to  be  increased  for composite  system.  Enhanced  birefringence  after  dispersion  of  dye  into  pure
eywords:
ematic liquid crystal
luorescent dye
hotoluminescence

NLC is  also  a  prominent  result  of  this  investigation.  Relative  permittivity,  threshold  voltage  and  dielectric
anisotropy  have  also been  measured  and  found  to be increased.  The  outcome  of  the  present  work  may
be  very  useful  in  the  construction  of liquid  crystal  displays  (LCDs).

© 2018  Opto-Electronics  Review.  Published  by  Elsevier  B.V.  All  rights  reserved.

irefringence
ielectric anisotropy

. Introduction

Liquid crystals (LCs) are very important for displays, as well
s non-display devices. There are several phases of LCs and the
ost important phase are nematic liquid crystals (NLCs). NLCs

ave preferred birefringence. NLCs can be easily aligned by the
pplied electric field and aligned nematics are useful for liquid
rystal displays (LCDs). The liquid crystal dispersed with dye is
ften used for opto-electronic devices and photo induced refractive
ndex gratings [1–3]. This NLC-dye system has also many applica-
ions in displays. Display features can be improved by synthesize

 new liquid crystal material [4] or by dispersion of dyes [5,6],
olymers [7], and nanoparticles [8–10] in LCs. To enhance the
ptical parameters, dye may  play a very much important role as

 dopant. Communication tools which require less energy desire
uorescent guest hosts LCDs [11–14]. We  can enhance different

mportant parameters of NLC by doping fluorescent dye. So, it is
ecessary to study the NLC-dye composite system. The dye used in
his study is extremely fluorescent [15]. Maximum researches on
ye-doped liquid crystals are focused around those properties that
ffect the performance of practical devices directly [16,17]. Dop-

ng of dye into the pure NLC changes the molecular dynamics of
ure NLC. Orientation ordering of dye dispersed NLC system will
epend on the shape of LC molecules and dye molecules and also

E-mail address: rajiv.manohar@gmail.com (R. Manohar).

ttps://doi.org/10.1016/j.opelre.2018.10.003
230-3402/© 2018 Opto-Electronics Review. Published by Elsevier B.V. All rights reserve
the intermolecular attraction arises from anisotropic short-range
and long range forces [18]. Since nematic liquid crystal materi-
als are anisotropic in nature, therefore, if we  change the director
of NLC materials, then we can change many physical parame-
ters. The relative permittivity perpendicular to the long molecular
axis (�⊥) is minimum for a perfectly aligned NLC. If any distur-
bance produces in alignment, then the increment in the �⊥ will
occur due to contribution from relative permittivity parallel to the
axis (�||). Therefore, dielectric anisotropy (�� = �|| − �⊥) and bire-
fringence vary throughout the same liquid crystal cell. It has several
potential applications [19].

Analysis of dye-nematic composite system for photolu-
minescence and birefringence property is very noteworthy.
Measurement of luminescent property of any display device is
very significant. In this study, optical, electro-optical and dielec-
tric parameters of the pure NLC and dye dispersed system have
been reported. Generally, nematic mesophase gives photolumines-
cence (PL) behaviour, therefore, it is important to investigate this
property. Therefore, we  have measured the photoluminescence
property in this study for a pure and dispersed system. UV-visible
absorbance study has also been performed here. We  have also mea-
sured the birefringence in this reported work. The process and
method of calculation of birefringence property has been described
in detail in the current investigation. We  have also measured rela-

tive permittivity and dielectric anisotropy in this work. The results
of this investigation may  be applicable in liquid crystal displays.

d.
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. Experimental details and methods

.1. NLC Material

The liquid crystalline material used in this investigation is
LC 1550C, composed of 4’-(trans,trans-4-alkylbicyclohexyl) car-
onates and 4’-(4-(trans,trans-4-alkyl)-4-cyanobicyclohexane. The
sed NLC 1550C in this investigation is given by our research group
rom the Military University of Technology, Poland. This NLC is a
ow birefringent material. The inherent properties of NLC 1550C
re �n = 0.059 (20 ◦C, 589 nm); no = 1.461 (20 ◦C, 589 nm) [20–22].
he phase sequence of the NLC 1550C has been given below:

r
−20◦C−→ N

73.9◦C−→ Iso.

here ‘Cr’ represents the crystal phase, ‘N’ represents the nematic
hase and ‘Iso’ represents the isotropic phase of the NLC 1550C.

.2. Fluorescent Dye

The dopant used for the present investigation is a fluorescent
ye (Benzo 2,1,3 Thiadiazole), which is a disc shape dye, purchased
rom Sigma Aldrich [23,24]. Here we can see from this Fig. 1 that this
isc shape dye consists of six carbon (C) atoms and four hydrogen
H) atoms attached with two nitrogen (N) atoms and one sulphur
S) atom. Dyes are those chemicals which show colour effect and
bsorb certain wavelength strongly.

.3. Preparation of NLC-Dye composites and LC cell

In the present work, we have dispersed a fluorescent dye in
LC to measure its optical, electro-optical and dielectric nature.
luorescent dye has been dispersed in pure NLC with two  weight
ercentage: 0.5% (mix 1) and 1% (mix 2). Fluorescent dye has been
ispersed in toluene for proper mixing. Then, it is mixed with NLC
550C. Next, we have heated the sample again to evaporate sol-
ent completely from the sample. We  have used planar aligned
C cells having thickness of 8 �m for this investigation. Indium tin
xide (ITO)-coated glass plates have been used to make LC sample
ells. To make planar aligned cell, nylon (6/6) has been put onto the

urface of two ITO coated glass plates and, then, we  have rubbed
nidirectionally. The substrates were then placed one over another.
ylar spacer has been placed between two substrates for fixing the

ell thickness. The liquid crystal material was filled into the cell by

Fig. 1. Experimental set-up of birefringence measuremen
Review 26 (2018) 317–324

using capillary method. The details of LC cell preparation have been
already reported by our group [25].

2.4. Instruments Used

We  have taken the optical textures by using a polarising optical
microscope (POM) (progress CT3, Radical). Cary eclipse fluores-
cence spectrophotometer (Agilent technologies) has been used for
photoluminescence (PL) study for a 347 nm excitation wavelength
at room temperature. We  have used UV-Visible Spectrophotome-
ter (ELICO, SL 210) for UV–visible absorption at room temperature.
We  have performed the FTIR study in the wavelength range of
400-4000 cm-1 by using Fourier Transform Infrared Spectropho-
tometer (IR affinity-1 Shimadzu). For the measurement of dielectric
anisotropy, we  have used HP4194 A Impedance gain/phase anal-
yser in the frequency range of 100 Hz to 40 MHz. To control the
temperature of the cell we  have used INSTEC mK 2000 hot plate.
The meticulous experimental details have already been reported
by our group [26–29].

2.5. Birefringence measurement

The experimental setup of birefringence measurement for pure
NLC and dye doped system has been given in Fig. 1. Here we  can
see from this figure that when a plane polarized light falls onto
the liquid crystal material (anisotropic material), its splits into two
components due to birefringence and retardation is produced. For
birefringence measurement, first of all liquid crystal material has
been placed between two  crossed polarizer and analyzer. Here we
have applied He-Ne laser source (� = 632.8 nm,  power = 5 mW)  to
the liquid crystal cell. Now we  have rotated 45O to this LC cell.
Here we  have managed the temperature by hot plate (mk 2000,
Instec Co. USA). For detection of transmitted light, we have used
a photo detector (Instec-PD02-P) which is connected to the digital
storage oscilloscope (Tektronix TDS-2024C). Then, we have plot-
ted the graph between transmitted intensity and temperature and
measure phase difference with the help of following Eq. (1a) and
Eq.(1b) [30,31] at different temperature:

�ϕ  = m� + 2sin−1

√
I − Imin

Imax − Imin
(1a)
Here Eq. (1a) is for m = 0,2,4,. . ..  . . (For even number of peaks).

�ϕ  = (m + 1)� − 2sin−1

√
I − Imin

Imax − Imin
(1b)

t for pure and dye dispersed liquid crystal system.
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Fig. 2. Polarizing optical microscope aligned textures, (A) pure NLC 1550C, (B) pure NLC 1550C + 0.5% concentration of dye (mix 1), and (C) pure NLC 1550C + 1% concentration
of  dye (mix 2) at room temperature. The scale bar is the same for all samples.
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ig. 3. Photoluminescence (PL) intensity of pure nematic liquid crystal (NLC) and
LC dispersed with fluorescent dye.

ere Eq. (1b) is for m = 1,3,5,. . ...(For odd number of peaks).
Where m represents the number of maxima peak observed in

he graph of intensity and temperature, ‘I’ represents the intensity
t particular temperature, Imax is the maximum intensity, and Imin
epresents the minimum intensity. After calculating the phase dif-
erence for all temperature we have calculated the birefringence
�n) using the following formula:

n  = �

2�d
.�ϕ  (2)

here, � represents the wavelength while �� represents the
hase difference and d represents the thickness of a liquid crystal
ell. Here we can see from Eq. (2) that the birefringence is directly
roportional to the wavelength and the phase difference of the

ight while it is inversely proportional to the thickness of the liquid
rystal cell. Therefore, high birefringence will reduce the cell gap.

. Results and discussion

The polarizing optical microscope (POM) images for pure NLC
aterial and dye dispersed NLC composite systems, under cross

olarizer condition, are shown in Fig. 2. The POM image of pure NLC
s shown in Fig. 2(A), while POM images of 0.5% dye (mix 1) and 1%

ye (mix 2) are shown in Fig. 2(B) and (C), respectively. These POM

mages show that the homogeneous alignment has been observed
or both mixtures. Also, there is no visible aggregation observed in

ix  1 (Fig. 2B) but for mix  2 (Fig. 2C) small visible aggregations
Fig. 4. Wavelength variation of UV absorbance for pure and dye doped NLC mixtures.

have been occurred. POM images also show better alignment for
dispersed system as compared to pure NLC. Therefore, we can say
that alignment has been improved after dispersion of dye into pure
NLC. Here, dye molecules easily adjust into the NLC geometry and
improve the alignment of the system.

Photoluminescence (PL) intensity spectra (in arbitrary unit) of
pure NLC, pure fluorescent dye and NLC- dye dispersed composite
systems have been given in Fig. 3. PL intensity spectra have been
taken at room temperature and we  have used a 347 nm excitation
wavelength. For the study of photoluminescence, we have prepared
two mixtures of NLC-dye composition along with pure NLC. When
we have added little amount of dye (mix 1), then prominent change
in emission peak emerges. Also, for 1.0 % wt/wt concentration of
dyes (mix 2), we get higher emission peak. Photoluminescence has
been enhanced for dispersed NLC – dye composite system as com-
pare to pristine NLC for this study. Dispersion of dye increases the
scattering area and since incident photons get elastically scattered
to excite more NLC molecules and, therefore, PL intensity enhances.
Molecules of pure NLC get excited in excited state after dispersion
of dye. Constructive combination emissions from nematic and flu-
orescent dye molecules may  also be the reason for enhancement
in the PL intensity. As we  can also see from Fig. 3 that the de-
convoluted spectra (two peaks) are obtained for pure NLC, as well
as for NLC - dye dispersed system. There are also some other liquid
crystals which show the two  distinct peaks which has been studied

by the authors of reference [32]. In the present study two distinct
peaks for mix  1 along with pure NLC have been also observed. Mix
2 does not show any prominent peak near 423 nm.  First emission
peak occurred at 423 nm and second emission peak occurred near
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ig. 5. FTIR spectra of the NLC 1550C and two mixtures (mix 1–0.5% concentrati
avenumber, (B) for higher wavenumber, (C) for full range.

39 nm on wavelength scale for mix  1. PL intensities of both con-
oluted peaks for dye dispersed system have been enhanced as
ompared to pure NLC. No prominent shifting in wavelength scale
bserved in this PL study for both mixtures but dispersion of dye
nly affects the intensity of photoluminescence. If we excite NLC
olecules dispersed with fluorescent dye, the electronic transi-

ion from the HOMO (highest occupied molecular orbital) to the
UMO (lowest unoccupied molecular orbital) will happen for both
aterials. So this phenomenon also confirms the enhancement of

hotoluminescence. Also since the dopant material used in this
tudy is a dye of having fluorescent in nature which is a highly

cattering material and, hence, excited photons gets multiplied by
his highly light scattering dopant. Also since dyes mostly emit in
he visible spectrum and, hence, it couples with the emission of
fluorescent dye and mix  2- 1.0% concentration of fluorescent dye): (A) for lower

pure NLC and, therefore, enhanced photoluminescence intensity
observed in this case.

UV absorbance in arbitrary unit has been shown in Fig. 4 for
pure NLC, pure fluorescent dye and NLC-dye dispersed system.
From Fig. 4 we  can see that the absorbance has been increased
for fluorescent dye dispersed NLC in comparison to pure NLC. This
increment in the absorbance value follows the concentration of
dye. If we are increasing the concentration of dye, UV absorbance is
increasing according to that. Mix  1 (pure NLC 1550C + 0.5% dye) and
mix  2 (pure NLC 1550C + 1% dye) both are showing higher value of
absorbance in comparison to pure NLC. We have found absorbance

peak at 347 nm wavelength for pure NLC. Any prominent shift in
absorbance wavelength for dispersed system has not been observed
in this study.
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Fig. 6. (A) Variation in birefringence (�n) for pure NLC 1550C and dye dispersed
NLC system with change in temperature (inset of this Fig. shows variation of bire-
fringence with respect to concentration of dye at 30◦C temperature); (B)  variation
G. Pathak et al. / Opto-Electr

Fourier transformed infrared spectroscopy (FTIR) measurement
as been performed in the present study at room tempera-
ure. Figure 5(A) shows FTIR study at lower wave number while
igure 5(B) shows FTIR study at higher wave number. Figure 5(C)
hows the FTIR study for full range. Lower wave number peak is
ccurring due to the intrinsic bands which are frequently observed
n thermotropic liquid crystals. We  can see from the Fig. 5(A)
hat the normalized % Transmittance (in arbitrary unit) has been
educed for the dye dispersed system as compared to pure NLC in
he lower wavenumber region. In Fig. 5(B), the band at 2355 cm-1

as occurred for pure NLC and mix  1. This may  be due to the vibra-
ion of terminal functional group or may  be due to the binding of
ye molecules with the terminal carbon atom. We can see that for
ix  2 (pure NLC 1550C + 1% dye) this band disappears due to a high

oncentration of dye. Presence of fluorescent dye also influences
he vibrational bands near 2800–3000 cm-1 for pure NLC and dye
ispersed system. This band is due to the CH/CH2/CH3 stretching
ibrations. Some small peaks also occur near at 3400 cm-1 which
ay  be due to the moisture (-OH). Therefore, appearance of all these

eaks suggests that the dye highly affects the NLC geometry.
Liquid crystal used in this investigation is NLC, which is a

irefringent material. Therefore, we have also performed the bire-
ringence measurement for pure NLC and dye dispersed system.
igure 6(A) shows the variation of birefringence (�n) with change
n temperature for pure NLC and dye dispersed composite system.
his figure shows that the birefringence has been enhanced for dis-
ersed system. When laser light falls onto the NLC material, then
hase difference has been produced from which we  have calcu-

ated the birefringence. Figure 6(B) shows the variation in output
ntensity with respect to temperature for pure and dye composite
ystem. When we are increasing the temperature, intensity varies
rom minima to maxima because molecular orientation changes.
herefore, we are observing change in phase difference. Disper-
ion of dye into pure NLC improves the orientational order for
ix  1 (pure NLC 1550C + 0.5% dye), as well as for mix  2 (pure NLC

550C + 1% dye). Therefore, both the composites of NLC dispersed
ith dyes show improvement of orientation order and, hence, the

irefringence as we can see in Fig. 6(A). This improved orienta-
ion order can also be seen in the POM textures and in the model
iven in Fig. 6(C). Figure 6(C) shows that the orientational order
mproved when the disc shape dye dispersed into the NLC geom-
try. The dopant used in this study is a disc shape fluorescent dye.
he effect of disc shape dye molecule has also been reported by
ome researchers in recent years [33,34]. When dye molecules
ispersed into the matrix of pure NLC, it affects the molecular
rientation. On the other hand, angular momentum conservation
oncept of interaction of nematic with dye excites dye molecules
fter interaction with light [35,36]. This may  also be the reason
or increment in the value of birefringence. Figure 6(A) also shows
hat near isotropic point both the composites showing almost simi-
ar values of birefringence as compared to pure NLC material. Since
ntermolecular forces between the components of the NLC 1550C
alkylbicyclohexyl carbonates and cyanobicyclohexane) and dye

olecules possess weak van der waal character only and which
s broken out easily at higher temperature point (near isotropic),
herefore towards the isotropic point birefringence does not change

uch more and also falls to zero. In the inset of Fig. 6(A) concen-
ration of dye along with birefringence has been plotted for 30OC
emperature. For pure NLC, birefringence comes to 0.060 and for

ix  1 and mix  2, birefringence values are found to be of 0.062 and
.065. Many photonic and opto-electronic devices require mate-
ials having high birefringence value. Therefore, this study about

he enhanced birefringence may  be very useful in photonic and
pto-electronic industries.

Variation of relative electric permittivity with change in tem-
erature has been shown in Fig. 7. This graph has been plotted at 1

of  normalized output intensity with respect to temperature for pure NLC 1550C and
dye dispersed system; (C) change of orientation of nematic liquid crystal molecule
with the addition of dye in a pure liquid crystalline system.
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Fig. 7. Variation of relative permittivity with respect to temperature for pure NLC
1550C and dispersed system at 1 KHz frequency.

Fig. 8. (A) Shows the variation of dielectric anisotropy with respect to temperature for pu
with  respect to concentration of dye at 1 KHz frequency; (C) parallel component of dielect
at  1 KHz frequency; (D) perpendicular component of dielectric permittivity (�⊥) of pure a
Review 26 (2018) 317–324

KHz frequency. In the present study, relative electric permittivity
increases for mix  1 (pure NLC 1550C + 0.5% dye) while it decreases
for mix  2 (pure NLC 1550C + 1% dye) but still higher than that of
pure one. When we  have dispersed the dye into pure NLC, three
interactions take place:

1) Interaction between NLC – NLC molecules
2) Interaction between Dye – Dye molecules
3) Interaction between NLC – Dye molecules.

The interactions between NLC and dye molecules are dipolar,
electrostatic and van der Waals in which dipolar interaction is
dominating. Here permittivity is increasing because interaction of
NLC molecules with dye molecules supports the dipole moment.
Dipole moment of the dye molecule is in the same direction as

the dipole moment of NLC molecule. Also, the enhancement in the
value of permittivity occurs because charge storage capacity of dye
dispersed NLC system increases. Since we  know that, relative per-
mittivity, �r = C/Co, where C is the capacitance of the cell filled

re and dye dispersed system at 1 KHz frequency’ (B) ariation of dielectric anisotropy
ric permittivity (�||) of pure and dye dispersed sample as a function of temperature
nd dye doped sample as a function of temperature at 1 KHz frequency.
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Fig. 9. Variation of splay elastic constant (K11) with respect to different concentra-
tion of dye in pure NLC at 1 KHz frequency and 30◦C temperature.
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Table 1
Change in threshold voltage with change in concentration of dye of pure NLC and
dye dispersed system at 30OC temperature.

Pure 1550C 1.20 V

Conflict of Interest
ith liquid crystalline material and Co is the capacitance of the air.
herefore, the permittivity is enhancing due to enhancement in the
apacity. On the other hand, when concentration of dye increases,
he number of domains within the system decreases. Therefore, the
istance between the domains increases and the dipole– dipole

nteractions are reduced. Therefore, relative electric permittivity
ecreases for mix  2 as compared to mix  1, but still it is higher than
hat of pure NLC.

To use the NLCs in the LCD devices, we have to know about the
ielectric anisotropy (��)  of the system. Therefore, we have also
easured the dielectric anisotropy here. Fig. 8(A) gives the change

n ��  with respect to temperature. Dielectric anisotropy increases
fter the dispersion of dye into pure NLC. Figure 8(B) shows the
hange in ��  with change in concentration of dopant at 30◦C tem-
erature. The value of ��  for pure NLC is of 1.21 whereas for mix  1
nd mix  2, it is of 2.54 and 1.90. NLC 1550C is a positive anisotropic
aterial (for positive dielectric anisotropic LC, �|| > �). When dye

ispersed into the NLCdipolar contribution increases, hence ��
lso increases. Figures 8(C) and (D) show the parallel component
nd perpendicular component of permittivity for pure NLC and dye-
LC system. As we can see from these figures that after doping of
ye, the parallel and perpendicular component of permittivity both

ncrease but increment fraction in the parallel component is high
s compared to the perpendicular component. Better alignment of
LC shows the lower value of �⊥ (�|| > �). Dielectric anisotropy is

he difference of �|| and �. Therefore, by the combined effect of par-
llel and perpendicular components dielectric anisotropy has been
nhanced. Also, alignment has been improved for composite sys-
em which can also be confirmed by the POM images in Fig. 2. These
esults can also be understood by interactions of dye molecules
nd NLC molecules. As we can also see in the c) that irregularities
f pure NLC molecules reduce after dispersion of dye and due to
hich orientational order increases. Presence of disc shape dyes

n pure matrix support or enhance the pure LC molecular orienta-
ion around the dye molecule. Therefore, we are getting increased
ielectric anisotropy for dispersed system. For mix 2, small decre-
ent in �|| , as well as in �⊥ has been observed, therefore for mix  2
� decreases than mix  1.
Splay elastic constant (K11) has also been measured in this study

or pure NLC and dye dispersed system using dielectric anisotropy
nd threshold voltage values. Threshold voltage has been explained
n the later part of this article. Figure 9 shows the change in K11 with

hange in concentration of dye. We  can see from the given figure
hat the splay elastic constant has been increased for dye dispersed
1550C + 0.5% fluorescent dye wt/wt (mix 1) 1.44 V
1550C + 1% fluorescent dye wt/wt (mix 2) 2.10 V

system. Formula between the K11, threshold voltage (Vth) and ��
is given below:

K11= (Vth)2�0��/�2 (3)

Here �0 represents the permittivity of free space. Here we can see
from Eq. (3) that K11 depends upon the ��. Since in this investiga-
tion, ��  is increased for dye dispersed system. therefore increased
�� gives rise to increase in the value of K11. Here when we are
dispersing the dye into the nematic liquid crystal. then two inter-
actions take place which are given as follows:

1 Interaction between dye and NLC molecules
2 Interaction between dye-dye molecules.

The combined effect of these two  interactions is responsible for
increment in the K11. Also since K11 directly depends upon the
threshold voltage and since threshold voltage is increasing in our
present study, as we can see in Table 1, so this also confirms the
increasing nature of splay elastic constant.

For the measurement of driving voltage of liquid crystal mate-
rial, we have also measured the threshold voltage (Vth). Table 1
shows the change in Vth with change in concentration of dye at
30OC temperature. Here Vth increases as we increase the concen-
tration of dye. It has been found that the value of threshold voltage
continuously increases on increasing the concentration of dye in
comparison to pure NLC 1550C. Vth for pure NLC has been found
to be of 1.20 V. But when we  dispersed the fluorescent dye into
the pure NLC, the values of Vth have been increased. For 0.5% of dye
(mix 1) the value of threshold voltage has been found to be of 1.44 V
whereas for 1.0% of dye (mix 2) Vth comes to 2.10 V, respectively.
Clearly we can observe that the values of Vth for dispersed system
are much higher as compared to pure NLC. Some ions get adsorbed
at the layer of alignment due to increasing ionic concentration. Due
to this, effect of applied field gets diminished and, therefore Vth
increases.

4. Conclusions

In this investigation, we have analysed some very useful optical,
electro-optical and dielectric properties. Enhanced photolumines-
cence has been observed after dispersion of fluorescent dye into
the NLC 1550C. We have also measured the UV-visible absorbance
and found that it has been increased for dispersed system. We
have also performed the FTIR study and we have observed IR band
at 2355 cm-1 and 2800-3000 cm-1. These IR bands show that dye
molecules alter the terminal functional group and CH/CH2/CH3
stretching vibrations of LC matrix. Increment in the birefringence
is also a one of the main finding of present work. Relative permit-
tivity increases after the dispersion of dye. Dielectric anisotropy
has also been increased for the dye dispersed system. In this study,
both; photoluminescence and birefringence parameters have been
enhanced, therefore this NLC-dye composite system is very impor-
tant for display point of view. The results of current investigation
may  also be very useful in liquid crystal displays (LCDs).
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