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ABSTRACT

This paper reports far-field of the electro-optical diffraction grating to

the advantage of electro-optic response of 5CB liquid crystal. The
diffraction grating was produced by intersacting of two laser beam of
laser HeNe 632.8nm wavelength radiation transmitted through a 5CB
liquid crystal dopped Sudan Black B (SBB) dye in a cell with a
thickness of 5um and applying a uniform electric filed across the cell.
Different concentrations of SBB dye were prepared and optically
characterised. Double side tape in a thickness of 5 um was used to
determine the cell thickness. Zero and two diffraction orders were
observed. 16 um grating period involve in a produced electro-optical
diffraction grating. The effect of changing voltage was investigated. The
possibility of realising the electro-optical diffraction grating made of
5CB liquid crystal doped biocompatible material chitosan doped SBB
dye to enhance the absorption properties were also investigated and
characterised using Atomic Force Microscopy (AFM), Scanning
Electron Microscopy (SEM), UV-vis spectrophotometer and optical
microscope. A fabricated Electro-Optic diffraction grating was
experimentally characterized. Applications of liquid crystal and the

1. Introduction

The use of organic electro-optic material for electro-
optical applications was suggested many years ago.
Many devices have been developed since then, but
some of them have been examined for their electro-
optic response. [1]. Recently, there are some benefits
of electro-optic polymers such as; producing high
performance and low manufacturing costs. Examples
of uses for these materials are a variable optical
attenuator, as an electro-optic modulator or as an
adjustable filter [2,3]. Such advantages allow the use
of these materials in various applications such as
optical devices [4], optical sensing [5], analog and
digital signal processing and processing of
information. The main idea of the electro-optics
systems is to change the optical properties by
controlling the applied voltage [6]. These materials
have optical properties; the permittivity tensor and
the refractive index vary. This means that when the
light wave propagates through the electro-optic
systems, they change some of the light characteristics
such as direction, amplitude and frequency. Another
reason for using the electro-optic field is waveguide
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electro-optic effect were discussed briefly.

devices [7,8]. With a high speed of signal processing
and communication network, this type of devices
based on non-linear polymers have high performance
and potential. The thin film's multi-layer structure can
be used to create polymer optical devices, This is
accomplished by beginning with a glass, silicon or
upper electrode substratum containing precious
metals such as silver and gold. This research
investigated the electro-optical effect of a Polymer
Dispersed Liquid Crystal (PDLC), 5CB liquid crystal
(LC) doped with chitosan and doped with dye. This
effect was used to construct a PDLC (5CB doped
with chitosan) electro-optic diffraction grating doped
with SBB dye. Polymer Dispersed liquid crystals (H-
PDLCs) were fabricated with Switchable holographic
grating using a 532 nm wavelength Argon laser [9].
This reported various grating periods made of solid
PDLC films and was monitored in +2 diffraction
order and higher. The PDLC has been utilised to
create holographic transmissions and reflection
gratings [10]. A HeNe laser was used to produce a
phase hologram on a number of photopolymers and


http://tjps.tu.edu.iq/index.php/j
https://doi.org/10.25130/tjps.v25i3.254
mailto:abdulsattar_aesa2001@yahoo.com

Tikrit Journal of Pure Science Vol. 25 (3) 2020

3000 line mm™ was obtained [11] also, the sensitivity
of the diffraction grating was discussed. A refractive
index grating was fabricated on the 5CB nematic
liquid crystal doped with Sudan Black B (SBB) dye
using HeNe laser and five diffraction orders were
obtainable [12]. Ar laser was used to make a quasi-
permanent grating on a 5CB photorefractive nematic
liquid crystal doped with a fullerene (C60) [13]. In
addition, nematic liquid crystal 5CB diffraction
gratings, doped with a Norland polymer using a
HeNe laser, have been reported [14]. Nematic LC E7
doped with azo dye was produced with a polarization
grating using a holographic system with a CW Ar
laser operating at 488 nm wavelength [15]. It was
verified that the grating period was 15 pm. Using a
diode-pumped-solid-state (DPSS) laser operating at a
wavelength of 532 nm, a diffraction grating was
developed on a LC E7 doped m film with methyl red
(MR) dye [16].

Furthermore, liquid crystals in a nematic phase
(NLCs) have an effect on their optical properties by
the electrical field [17]. William has studied the first
experiment in this area [18]. Liquid Crystals (LCs)
display three phases known as the; smetic A, nematic
and isotropic phase [19] as shown in Fig. (1). it can
be noticed that increasing the temperature changes
the LC phase: some of them exhibit a nematic phase
at low temperature matrices, while at high
temperature others exhibit a isotropic phase namely

mectic A. .. 0 Q
v

N0 |
Nematic

Smectic A Isotropic

Temperature
Fig. 1: Picture of the liquid crystal phases shows the
orientation order in the Smectic A, Nematic and
isotropic phases [19].

A liquid crystal (LC) material that has drawn great
attention is the 5CB (4-n-pentyl-40 —cyanobipheny).
The simple molecular structure of 5CB undergoes a
nematic phase transition at room temperature [20].
Fig. (2) shows the chemical structure of the 5CB LC.
This property allows it to be used for physical
behaviour investigations for a simple nematic
material [21]. The 5CB liquid crystal has offered
excellent physical and chemical properties such as
chemical stability, stable mesophases, optical
anisotropy and high dielectric properties. However,
the absorption of the visible light range is weak [22].
The properties of the thermotropic liquid crystal 5CB
make it suitable for a wide range of applications such
as optoelectronics [23], storage technologies [24,25]
and for visual displays [18].
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Fig. 2: The chemical structure of 5CB liquid crystal
produced by using chem. office.

There has been a lot of interest in polymer dispersed
liquid crystals (PDLCs) films in the last few years.
Such films consist of microdroplets of liquid crystal
dispersed within the polymer matrix [26]. When
using an electrical field, the PDLCs give controllable
optical properties. By varying the strength of the
electrical field, there are noticeable changes in the
properties of light dispersion as the composite
changes to a transparent property [27]. PDLCs have
been wused for various applications such as a
holographic grating light window, switchable
displays and as an optical attenuator (VOA) [28-30].
In addition, liquid crystals doped with dye have
received a lot of attention from research groups.
Changing the non-linear optical properties of liquid
crystals is perhaps the most important effect of dye
molecules on the LC [31]. The non-linear optical
behaviour of dye-doped liquid crystals is influenced
by various parameters such as dye concentration,
temperature, intensity and laser wavelength [32].
Sudan Black B (SBB) is an azo-dye has been widely
used for doping LCs and this dye was used in this
work.

The Sudan Black B (SBB) azo-dye was developed by
Lison in 1934 as a specific lipidm stain [37 ]. Lison
states that biologically derived lipids can be used to
remove the Sudan Black B dye. In addition, various
solvents such as acetone-alcohol, propylene glycol,
ethyl alcohol and ethylene glycol have been used to
dissolve SBB. The chemical structure of the SBB dye
is shown in Fig. (3) [31]. Some of the advantages of
using the SBB dye are its high stability and high
dichroic ratio due to its rod-like molecular form.

Natan 8 ——_)

Figure 3: The chemical structure of Sudan Black B
(SBB) produced by using chem. office.
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1.1. Freedericksz transition

In 1933, the Russian physicist, Vsevolod
Freedericksz, first investigated the Freedericksz
Transition (FT)[38 ]. In the molecular alignment of
liquid crystals, a phase transition occurs when either
an electrical or magnetic field is applied. The LC
molecules continue to interact with the electrical field
when a liquid crystal (LC) material is placed between
two parallel plate electrodes and an electrical field is
applied. The molecules are paired just above a certain
level of voltage / electric field. This threshold is
called the Freedericksz Transition (FT) and because
of its freedom of movement, it is a unique property of
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liquid crystal materials [33]. It was reported that
when a magnetic field is applied, molecular
orientation can also be observed [34] But we are
mainly interested in responding of the LC molecules
when an electrical field is applied. The equation
below is used to determine the FT threshold caused
by an electrical field [35]:

7| Ky .1

d\ gAe

where d, Ky, € and Ae are the cell thickness, elastic
constant, the electrical permittivity of free space and

dielectric anisotropic respectively. Then the equation
below can be used to determine the threshold voltage:

V,=E.d...(2
combining equations (1) and (2) we can write:

Va
th —

V, =7 Kn‘ ...(3)

&g
The elastic constant K;; can be determined with
knowledge of threshold voltage, electrical

permittivity and dielectric anisotropic parameter. We
will later evaluate Kj; experimentally and then
analyze the experimental results. A schematic
diagram of molecular alignment with and without an
applied electrical field is shown in Fig. (4):

Fig. 4: Schematic illustration show in the effect of
applying an electric field to a LC cell. When the electric
field is applied as shown the director is oriented normal

to the plane of the electrodes.

2. Methodology

2.1. The preparation of PDLC doped dye solution
5CB liquid crystal was collected from the School of
Chemistry at the University of Hull, Kingston
Chemicals Limited. The chitosan-doped 5CB LC
procedure at different ratios has been described
previously [36]. In our study, 5CB LC in the ratio of
2:8 was doped with chitosan. Chitosan solution was
added to the 5CB LC by 2 percent (wt./v), the
mixture was then put on a magnetic stirrer plate for 1
hour until the solution was milky. An azo-dye Sudan
black B, (SBB) (Sigma Aldrich, 199664-25G, Lot #
MKCD1338) has been used to increase laser light
absorption. For each mass, the dye was dissolved in
10 mL of ethanol (0.01 mg, 0.02 mg, 0.03 mg, 0.04
mg, 0.05 mg, 1 mg, 2 mg) to achieve different
concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 1, 2) percent of
wt./v respectively. Azo-dye Sudan black B (SBB)
mixture was examined at concentrations of 2 percent
in 5CB LC and 5CB PDLC doped with chitosan

2.2. Cell preparation

The PDLC doped with SBB dye cells were prepared
to form transparent electrodes using two glass plate
coated with Indium Tin  Oxide (ITO)
(25x25x1.1mm). The ITO slides were bought from

plaly 5119313
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(delta-technologies, USA, CG-81IN-0115, polished
float glass, with an electrical resistance of 30-60
ohms on the ITO coated surface. Next, the ITO slides
were cut into plate sizes (12x25 mm) and then
cleaned. Every cell was prepared by using the PDLC
solution doped with dye by sandwiching them. The
cavity between the two plates was made by using an
ultra-thin double-sided adhesive tape with a thickness
of 5um obtained from (Nitto co, Nitto Denko UK
Ltd). The cell preparation is shown in Fig. (5).

ITO
; £ Glass substrate

PDLC doped
SBB dye

Double side adhesive
tape Spm thick

Cell of PDLC
doped with
SBB dye

Fig. 5: The cell structure of PDLC doped with SBB dye.

An image of the electro-optical cell used in the
experiments is shown in Fig. (6). The design of cells
is being discussed. Using silver dag, the wires shown
in this figure were attached to apply the electrical
field.

Fig. 6: The cell of PDLC (5CB doped with chitosan)
doped with SBB dye.

2.3. Realisation of the electro optical diffraction
grating

The electro-optical diffraction gratings inscription
experiment was conducted using a holographic set-
up, see Fig. (7). It consists of two lasers with a
combined power output of 10 mwW for the laser
inscription and 1 mW for the laser probe beam. In
order to create an interference fringe inside the PDLC
doped with SBB dye cell, a cubic beam splitter
(Thorlabs) was used to split the laser beam. To guide
and cross the converging laser beams, a mirror
(Thoralbs, 25 mm diameter) was used. To achieve a
P-polarized beam, two linear polarizers were used.
The sample was placed on mechanical X, Y, Z stages
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with orthogonal axes so that the appropriate
interference pattern could be accurately controlled.
To provide a voltage in the range of (0-30) V, a DC
power supply was connected to the cell. After the cell
a screen was mounted to monitor the diffraction

instructions.

6
- )

Cubic beam splitter

©
' ?(c‘!ebe3

Fig. 7: The experimental set up for the realization of the
electro optical diffraction grating made from a PDLC
doped SBB dye.

The grating period of the interference pattern for the
geometry of two beams shown in Fig. (7) can be
determined by

__t @

2siné

where d is the grating period, A is the wavelength of
light and 6 is the angle between two intersecting laser
beams. The angle of the intersection has been
modified in this experiment to be = 1.2 °. The angle a
shown in this diagram is the probe beam's incident
angle on the sample and is calculated to be o = 7.2 °.
From equation 7-5 it was determined that the grating
period generated by interfering beams was 15 um.
Cells of 5CB doped with SBB dye and PDLC doped
with SBB dye at a thickness of 10 pum were
illuminated with P-polarized write beams with a
power of about 1.8 mW each.
3. Results and discussion
In this section, the results of all experiments will be
presented and analyzed. Materials were used in all
experiments are as follow; 5CB LC doped SBB dye
and 5CB LC dopped SBB dye dopped chitosan.
UV-VIS measurements were performed on 5CB LC
and 5CB LC chitosan doped solutions. Fig. (8) shows
the absorption of 5CB LC and 5CB LC doped
chitosan. It can be seen that in the ultraviolet and
visible range the 5CB LC has relatively high
absorption. As can be seen, at wavelengths < 350 nm,
optical absorption increases more. This figure shows
similar behaviour in the absorption of PDLC and
PDLC doped dye, but the chitosan sample shows a
slightly stronger absorption at shorter wavelength.

Mirror  Polarisers

/ A

Screen

Cell of PDLC
dopeds8B dye

ocv
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Fig. 8: The UV-VIS spectrum of the absorbance of 5CB
LC solution (blue line), PDLC 1% (5CB LC doped
chitosan, black line) and PDLC doped 0.5% SBB dye
(red line).

UV-VIS absorbance of SBB at different
concentrations (0.1%, 0.2%, 0.3%, 0.4%, 0.5%) wt.
/v is shown in Fig. (9). It is clear that the SBB dye
has nearly high absorption at the visible range by this
figure and reaches the maximum absorbance intensity
at a wavelength of 610 nm at approximately 0.6 for
0.5 percent and the lowest intensity at 0.1 percent at
the same wavelength as the dye concentration rises.
Although, at a wavelength of 420 nm, SBB dye has a
significant absorption. SBB dye absorbs light in the
visible range by promoting 7 orbital electrons from
the earth to a higher energy level [37].

800

0.8 T T T T T

T T T
Sudan Black B dye

0.7 - 0.5% .

---04%
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Fig. 9: The UV-VIS spectrum of Sudan black B (SBB) in
different concentrations (0.1%, 0.2%, 0.3%, 0.4%, and
0.5%) wt. /v.

Using the Tauc relationship, a material's optical
bandgap energy (Eg) can be obtained from the UV-
VIS spectrum. The optical bandgap can be
determined with knowledge of the absorption
coefficient. The Tauc relationship can be written as

follows [38].

(hv— E, )n .
hv

800

...(5)

a=A
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Where o is the coefficient of absorption, A is
constant, Eg is the energy of the bandgap, and n is 0.5
and 2 for the direct transition material and for the
indirect transition material. The SBB dye's bandgap
energy is determined using the n = 0.5 Tauc
relationship as the SBB dye has a direct transition.

Plots between hv and (ahv)z for different

concentrations (0.1 percent, 0.3 percent, 0.5 percent)
of SBB were performed to assess the bandgap energy
and are shown respectively in Fig.s 10, 11 and 12.
The absorption coefficient was determined using
Beer’s law (cr= Alch) where A is the absorbance, c is

the concentration and b is the path length of the
medium inside the cuvette. Such figures show that the
bandgap energy decreases as the dye concentration
increases; 1.838 eV, 1.821 eV and 1.814 eV for 0.1%,
0.3% and 0.5% respectively.

T T T T T

1.0x10° |

8.0x10* |-

6.0x10* -

(ahv)?

4.0x10*

| Bandgap energy= 1.838 (eV)
2.0x10* |

0.0
1.5 16 17 18
hv (eV)
Fig. 10: The bandgap energy measurement of Sudan
Black B dye in a concentration of 0.1% wt. /v using the

Tauc relation.
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T T T T T

1.0x10° |- 4
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6.0x10° |-
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4.0x10* -

2 oxi0t Bandgap energy= 1.821 (eV)
0x10*

0.0 L L
1.5 1.6

1.8
hv (eV)
Fig. 11: The bandgap energy measurement of Sudan
Black B dye in concentration of 0.3% wt. /v using the

Tauc relation
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Bandgap energy= 1.814 (eV)
110" |
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Fig. 12: The bandgap energy measurement of Sudan
Black B dye in a concentration of 0.5% wt. /v using the
Tauc relation.

Fig. (13) shows the optical micrographs of polymer
dispersed LC's optical textures in the 20:80 (wt.
percent) ratio (5CB: chitosan). Dispersed in the
biopolymer chitosan matrix, optical microscopic
images show a non-homogeneous distribution of 5CB
LC. Such optical microscope images show the
birefringence of the 5CB texture. The birefringence is
one of the nematic LC materials ' optical properties.
The nematic LC displays the birefringence as the
refractive index is influenced by the direction of light
passing through the sample [22]. In addition, the
birefringence shift is followed by a change in the
liquid crystalline phase transition[45 ]. The nematic
LC has a large birefringence that makes it ideal for
viewing liquid crystal devices [22]. As well as an
observation showing that in the biopolymer matrix
the liquid crystal is distributed non-homogenously.
Fig. (13, B) indicates that the 5CB LC has organized
like trees and these may be due to the phase of the
coating. Fig. (14) displays AFM micrographs of 5CB
LC randomly distributed molecules that support the

observation in the optical micrographs.
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Fig. 13: (A, B, C and D) optical micrographs of 20:80 (wt. %) polymer dispersed liquid crystal 5CB doped
with chitosan.

Fig. 14: (A and B) AFM micrographs of 20:80 polymer dispersed liquid crystal 5CB doped with chitosan.

Fig. (15) shows a He-Ne laser probe beam that is
incident on a viewing screen after the light beam
passed through the LC cell Fig. (14) containing 5CB
LC doped with SBB dye. The cell cavity used in the
experiment was 10 um in length. A relatively small
cavity length cavity was chosen so that a large
electric field could be applied at a small applied
voltage. We note two effects in the figures that are of
interest. In both figures A and B there are concentric
rings forming around the central laser spot. In Fig.
(15B) we observe diffraction orders, along a
horizontal plane. The diffracted orders are formed by
the grating that has been inscribed by the interference

92

of the overlapping HeNe writing beams. The +1 and
+2 orders can be seen in the photograph. As can be
seen, the intensity decreases with increasing
diffraction order. We interpret the concentric rings as
being due to the nonlinear response of the refractive
index and the Gaussian spatial HeNe beam. On the
application of an electric field, the rings were seen to
vanish at 3+0.1 Volts. This corresponds to an electric
field strength of 3x10° Vm™. Similar rings patterns
have been previously seen in publications and are
thought to be due to the Freedericksz transition [39]
or due to a nonlinear effect [40].
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Fig. 15: Photographic images of the viewing screen showing concentric rings centred around the central HeNe laser
probe beam. Both show a ring pattern produced when the cell is applied with 3 volts across the LC cell. (A) is shown
without the HeNe intersecting writing beams. (B) has the same conditions as in (A) but with the addition of two
interfering HeNe beams used for inscribing a grating inside the cell. One can observe in a horizontal direction the £1
and *2 diffraction orders. The cell thickness along the beam direction is 10 pum.

The 5CB LC doped Freedricksz transition with SBB
dye was measured 6.2 V[10 ]. For the 20 pum thick
cell used in the experiment, this corresponds to an
electrical field of 3.1 medial05 Vm-1. This shows a
good agreement with the acquired value in this work.
At an electrical field of 5x10° Vm™, the ring structure
reached a maximum diameter and vanished when an
electrical field was applied at 6x10° Vm™ and above.
The rings lasted for an additional 5 seconds before
vanishing when the electric field was stopped. The +1
and 2 diffraction orders are located along an almost
horizontal direction in Fig. (15B). Since switching on
the HeNe intersecting grating inscribing beam, the
diffraction instructions took place after 25 minutes.
The grating period was measured using the
experimental setup's ordered spacing and geometry
and corresponded to a 16 pum grating period. This
value has a good agreement with the grating period
calculated by equation (4) which corresponded to 15
pum. At an applied voltage of 5 V, the grating orders
with  the highest contrast were observed,
corresponding to an applied electric field of 5x10°
Vm™. Due to the alignment of the LC molecules
along the intervening fringes with higher intensity,
the formation of the diffraction grating can be
explained qualitatively.

The electric field application has the purpose of
assisting the alignment as shown in the example Fig.
(15). These two processes are referred to as the
optical field and the electrical field. Turning our
attention to the ring patterns around the HeNe probe
beam. The power of the probe beam was 1 mW and
had a typical Gaussian beam with a diameter of 1
mm. Therefore, the central on-axis part of the beam
has the highest intensity. The refractive index of the
LC is highly birefringent and its value is dependent
on the laser beam intensity according to the relation

(An=n,1), whereAn=n,—n,, N,and Nyare the
extraordinary and ordinary parts of refractive index
respectively, N,are the nonlinear coefficient and |
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correspond to the HeNe beam intensity. Therefore, a
higher intensity will have a higher refractive index.
Moreover, the refractive index will reach the highest
value in the central portion of the Gaussian beam
while out towards the wings of the Gaussian the
refractive index decreases. Consequently, there is a
change in the phase of the propagating wave and
rings will form due to constructive and destructive
interference occurring. In this experiment, there are
therefore two processes taking place. Ring formation
due to the spatial dependent refractive index and there
is a grating formed due to the intersecting inscribing
HeNe beam. From this information, we can calculate

the birefringence (An) using the equation [ An= Mj
d

[40]. Using the corresponding information, where N
is the number of observed rings the birefringence is
calculated to be 0.126, 4 is the wavelength 632.8 nm
and d is the cell thickness which is 10 um. Similarly,
rings patterns generated on the 5CB doped with
methyl red dye (MR) as self-phase modulation (SPM)
have been reported using Nd:YVO, laser operating at
a wavelength of 532 nm [40]. The concentric rings
represented by Fig. (15A and B) could back to
Freedericksz transition in the liquid crystal
molecules. This transition is a result of the
contribution between the alignment of the molecules
director at the surface and the boundary of the cell.
The molecular director can be induced within the
sample by applying a sufficient electric field or
magnetic field [41]. Regarding the diffraction order
represented by the dots in the Fig. (16B), these
diffraction grating can be produced by irradiating the
liquid crystal with polarized light. The optical field of
the light impinging the sample controls the
orientation of the liquid molecules to generate the
phase grating of the liquid crystal material.

A set of experiments were carried out on PDLC
doped with SBB dye with the aim of realising an
electro-optic tunable diffraction grating the results of
which are discussed.
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Photographs of the images recorded on a viewing
screen are shown in Fig. 16 (A and B): (A) the
incident probe beam on the viewing screen after
passing through the cell without the writing beam.
(B) images on the viewing screen when the writing

A
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beams are switched on for a cell of PDLC doped with
SBB dye and with an applied electric field. There is
some evidence of faint, low contrast circles around
the incident probe beams for both images A and B.

Fig. 16: (A) the incident probe beam on the viewing screen after propagating the cell containing PDLC (5CB doped
with chitosan) and with doped with SBB dye. (B) The incident of writing beams on the viewing screen after
propagating the cell. All these images were under applying an electric field. The thickness of the cell is 10 pm.

SEM micrographs of the surface of the PDLC (5CB
doped with chitosan) doped with dye after probing
with a HeNe, whilst applying an electric field are
shown in Fig. 17 (A and B). It was observed that the
suspension of PDLC doped dye had solidified and
had a silver colour. However, it is not known if the
changes were due to the interaction with the HeNe

laser, due to the application of the electric field or a
combination of the two processes. It can be seeing in
Fig. 17 (A) there is also the appearance of cavities.
The changes that have occurred to the material
require more investigations to explain the related
mechanism.

Fig. 17: SEM micrographs of the surface of PDLC doped with SBB dye after probing with a HeNe lase

r and applying

an electric field. The sample thickness is 10 um. A magnification of x5 was used, at a tilt angle of 0°, (B) x1.5K
magnification, and 0° tilt angle.

Fig. 18 (A and B) shows optical micrographs of
PDLC doped SBB dye after probing the LC cell with
a HeNe laser beam and applying an electric field
across the material. It shows that there is a significant
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change in the distribution of 5CB LC dispersed in the
biopolymer matrix and optical textures of the
mixture.
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Fig. 18: Optical micrographs of PDLC (5CB doped chitosan) doped Sudan black B (SBB) dye after
HeNe laser and applying an electric field.

The next set of experiments were intended to have a
5CB doped with SBB mixed with chitosan. Previous
work on chitosan doped 5CB reported the miscibility
[36]. An experiment was performed using the same
experimental conditions as the non-chitosan
experiment previously described. However, the
results did not yield a diffraction pattern and hence
under the same conditions, we concluded a diffraction
grating had not been inscribed.

As has been mentioned above that filling the cell in a
thickness of 10 pum with the mixture of the PDLC
doped chitosan and with SBB dye converted into a
solid within a few minutes after interacting with the
HeNe beams and applying a DC electric field.
Although the refractive index and absorption
coefficient were not measured and no values could be
found in the literature it is expected that the optical
properties for this set of experiments are different to
the previous one that had no chitosan present. The
optical penetration depth at 632.8 nm, the refractive
index and elastic constant will all be different. All of
which will play a role in inscribing a grating. This
does not, however, conclude that it is not possible to
inscribe a grating in 5CB doped with SBB and
chitosan. It may be that different experimental
parameters are required in order to realise a grating.
4. Conclusion

Although there are several ways of achieving an
electro-optical ~ diffraction  grating, we have
investigated an electro-optical method using a liquid
crystal namely 5CB. In this work, we mixed Sudan
Black B, (SBB) to increase the absorption of light at
the inscription wavelength of 632.8 nm. This sample
is identified as 5CB/SBB. A second sample was made
by adding chitosan. This sample is therefore referred
to as 5CB/SBB/Chitosan. Two sets of experiments
were carried using these samples, 5CB/SBB and
5C/SBB/Chitosan. The former was used as a
reference and the latter, to our knowledge, has not
been reported in the literature. A HeNe laser beam
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probing with

was split using a 50:50 cubic beam splitter and beams
recombined to form interference fringes inside the
samples. A set of experiments were carried out to
investigate the effects of applying an electric field
normal to the sample surface whilst the grating
inscription process is taking place. From the
geometry of the interfering HeNe laser beams, a
fringe spacing of 15 um was calculated. Light from a
HeNe laser was switched on and an electric field of
magnitude 5.1x10°> Vm™ was applied at the same
time. After 25 minutes the +1 and £2 diffraction
orders were observed on a viewing screen placed
behind the sample. From these results, we conclude
the addition of SBB increased the optical absorption
at the wavelength 632.8 nm and aided in the
formation of a diffraction grating. The experiment
was then repeated using a different sample, namely
5CB/SBB/Chitosan.

It is also worth noting that the 5CB/SBB/chitosan
sample solidified after the experiment. A separate
experiment revealed solidification occurred under the
same conditions after 15 minutes. However, the
mechanism of solidification was not investigated. The
solidification may be due to a combination of factors.
The interaction of light from the HeNe interacting
with the chitosan may change the material structure
or it may be due to the miscibility between 5CB and
SBB. Using the same experimental conditions as
those used for the 5CB/SBB sample it was not
possible to observe a diffracting structure. The ratio
of 5CB/SBB/Chitosan used in the experiment was
1:4:8 respectively and further experiments using
different ratio’s of materials have been discussed for
future experimental investigations.
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