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Abstract

The (Methylene Blue dye /silicon dioxide) nanocomposites films have been
prepared by casting method with different weight percentage of (SiO,)
nanoparticles.The structural, optical and nonlinear properties of nanocomposites
have been studied. The structural properties include optical microscope. The
examination results by photos optical microscope showed distribution of silicon
oxide nanoparticle inside the methyl blue dye for all nanocomposites films, the
optical microscope images also showed continuous network of ions inside the
methyl blue dye at high ratio of nanoparticles. The results of optical properties
for (MBD/ SiO;) nanocomposites films showed that the absorbance, absorption
coefficient, extinction coefficient, refractive index, real and imaginary dielectric
constants and optical conductivity increase with the increase of the
nanoparticles concentrations while the transmittance and energy band gap were
decreased with increase the (SiO,) nanoparticles concentrations.

The (MBD/SiO,) nanocomposites have high absorbance in the UV-region.
The nonlinear tests calculated used (Z - Scan) technique in two cases (Close
aperture) and (Open aperture) for obtain nonlinear refractive index coefficient
(n;) and nonlinear absorption coefficient (B). The measurements performed
using diode laser operating of a continuous wave (CW) at (540 nm) wavelength.
The results showed a decrease both of the nonlinear refractive index coefficient
and nonlinear absorption coefficient, when increasing concentrations for all
samples of nanocomposites films.

The results showed the nonlinear refractive index in all samples is negative.
The results showed the nonlinear absorption coefficient () in three cases of thin
films for (MBD/ SiO,) films with addition (1,3,5)% ( gm)of (SiO,) nanoparticle
it noticed two photon absorption While the largest nonlinear absorption

(Saturable absorption) noticed that in the case sample pure.
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Chapter one Introduction

1.1 Introduction

Some oxides are so dense that the controlled growth of their layers can protect
the alloy or metal from further oxidation. Even studies have revealed that the
oxidation of the protective layer continues as if it were a liquid covering all
surface cracks or defects of the metal. Metal oxides can adopt exquisite
structures, either as nanoparticles or as large polymeric aggregates. This fact
makes them the subject of studies for the synthesis of smart materials, due to their
large surface area, which is used to design devices that respond to the least
physical stimuli. Likewise, metal oxides are the raw material for many
technological applications, from mirrors and ceramics with unique properties to
electronic equipment, to solar panels [1]. High surface areas help prevent particle
agglomeration and also im-prove their reactivity and stability, nowadays, we note
the interest in solid/ dense silica coating around metal nanoparticles to investigate
their optical properties [2,3]. Nanoparticles of SiO, are the most manufactured
material in terms of quantity among the various spectrums of nanomaterials due
to its many uses in various aspects of life, and the fact that the cost of its
production is often cheaper than the cost of producing most nanomaterials, in
addition to its relatively easy handling compared to other nanomaterials. Also,
SiO, [4-7]. In addition, the effect of SiO, nanoparticles was recently analyzed
showing that most efficient epoxidation catalyst [8]. The SiO, films these films
are transparent in the infrared field, as they are transparent with a high
transmittance coefficient up to ~70% [9] Dye is a chemical compound used to
produce long-lasting colors on the surface of materials. We deal with dyes in the
details of our daily lives, in our clothes, food, writing supplies such as ink and

paper, in utensils and furniture, plastic and many more.

Some brightly colored dyes draw our attention, and most of the time they no
longer draw our attention or realize their existence, because we now deal with

dyes in the details of our daily lives, in our clothes, food, writing supplies such as
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Chapter one Introduction

ink and paper, in utensils and furniture, plastic and many more [10]. The interest
in dyes was ancient due to the presence of colors in the natural environment

surrounding humans, including plants, animals, stones, dust and sand.

Humans began dyeing fabrics and other materials over 5,000 years ago. Dyers
have also used color-fixing chemicals for thousands of years in 1856, the English
chemist William Perkin discovered the first synthetic dye. This dye called mauvy
was a faint purple hue. Perkin produced this dye while trying to extract an

alkaloid from a coal tar dye product called aniline [11].

Germany produced most of the world's dyes. The Germans stopped supplying
other countries with dyes. As a result of this situation, the dye industry developed
rapidly in many countries. Since the forties of the twentieth century, chemists
have invented many industrial yarns and textiles, and they have also developed

thousands of synthetic dyes suitable for these yarns [12].

Definition: A dye is a compound capable of binding in some way with the fibers
to be dyed, giving them color [13]. A chemical compound gets a color when it
has the ability to absorb one band of the visible spectrum and reflect the rest [14].
The appearance of color depends on a number of physical, chemical,
physiological and psychological factors and the part of the spectrum that a person
sees in a range of wavelengths between 400-700 nanometers [15]. The perception
of light occurs through the absorption of light by the atoms of the material, where
it absorbs part of it and reflects another part, and it passes through the material of
low density, or then the light emitted from the light source or reflected by a
reflective surface begins to have a chemical effect, and the light reaches the retina
of the eye. The eye, from which information is transmitted to the brain, in order

to reach the so-called perception [16]
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Chapter one Introduction

1.2 Nanomaterials

Nanomaterials (Nanometric) are: materials with a nanometer dimension
confined between 1 to 100 nanometers, and nano materials exist in three forms:
one-dimensional, two-dimensional and also three-dimensional [17,18] (as in
Figure 1-1). Objects at the nanoscale behave completely differently than they
behave at the larger scale, as gold in the large scale (BULK), for example is good
heat and electricity conductor, but it is not conductor of light. Whereas, gold
nanoparticles with a suitable structure absorb light, and they can convert that the
light turns into sufficient heat to make it work as a small heat scalpel, through

which it can kill unwanted cells in the human body, such as cells of cancer

Q e
‘o"&&
H}. Nanomaterials
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three-dimensional two- dtm»netonal one-dimensional

Figure (1-1): Dimensional classification of nano materials [17]

Also, some materials can become noticeably stronger, when they are built at the
nanoscale. For example, we note that carbon nano tubes see (figurel-2), which
they have a diameter approximately diameter 0.025 of human hair are incredibly
strong, as they are used in the manufacture of baseball bats, Bicycles and car parts,
and scientists are thinking of collecting carbon nanotubes from plastic to make a

composite that is lighter than steel, and at the same time more powerful than it.
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Chapter one Introduction

Energy can also be saved if we replace some of the metals used in the automobile
industry with this compound. It conducts heat and electricity better than any other
metal, so it can be used to protect aircraft from lightning strikes, and it can also be

used in electrical computer circuits [17,18].

Figure (1-2): An imaginary image of a multi-walled carbon nanotube

1.3 Organic Dye

The chromophore is a part of an organic molecule formed by a group of
electrons and atoms, which gives the molecule its color, and since 1870
researchers have studied the structural properties of chemical compounds as well
as their colors, as they believed that nitro compounds, quinones and aromatic
compounds are very colorful as these colors It may be removed or diminished if
the compounds are hydrogenated [24].The phenomenon of unsaturation that gives
compounds the ability to absorb hydrogen comes as a result of the presence of
electrons between specific pairs of atoms that are not well fixed within covalent
bonds, but this does not negate their presence within molecular orbitals, where

they may bind to several atoms These electrons, within a certain wavelength

—



Chapter one Introduction

range, can absorb energy from the light, and it is the reflection or transmission of

the remaining light that gives the compound its noticeable color [24].

1.4 Types of Organic Dyes

The active medium in laser dyes consists of specific solutions of an organic
dye dissolved in a liquid methyl ethyl alcohol, methyl alcohol, or water. Laser
dyes have a high absorption capacity in the ultraviolet and visible regions of the
spectrum depending on the chemical compositions.[13].

Dyes are classified according to the wavelength of the radiation they emit,
where each group emits a specific range of the spectrum ranging between (400-
1000 nm) depending on its chemical composition [14]. Laser dyes are classified
according to chemical structure into the following [15]:

1. (Polymethine) dyes :It is emitted in the red or near-infrared range

(700 -1000) nm .

2. Xanthene dyes (500-700) nm.

3. Coumarin dyes: It is emitted (blue-green) region i.e ,(400-500) nm.

4. (Scintillator) dyes: It is emitted in the ultraviolet region wavelength less
than (400) nm.

For effective performance, laser dye molecules should have the following
characteristics [1].

1. It has high photochemical stability.

2. It has a high solubility in a large number of solvents without generating
molecular complexes and responds to the auxiliary factors used to overcome
the formation of these complexes.

3. It should have a wide emission beam, i.e. a wide toning range.

4. The absorption spectrum of the dye must match the spectral distribution of the
pumping source.

5. It has a high quantitative output during the dominance of radioactive
transitions. Figure (1.3) shows The wavelength range of different dye lasers.
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Figure (1.3): The wavelength range of different dye lasers

1.5 Methylene blue dye

Methylene blue is an organic chloride salt with a formula C;gH15CIN3S. It
is also called Methylthionine chloride or Swiss Blue. It is a thiazine dye
with antioxidant,  cardioprotective  properties, antimalarial, and an
antidepressant. It is soluble in glycerol, water, chloroform, glacial acetic acid, and
ethanol. It is slightly soluble in pyridine and insoluble in ethyl ether, oleic acid,
and Xylene. It is a synthetic basic dye. When its administration route is
intravenously and in low doses, it converts methemoglobin to hemoglobin. It
functions as a histological dye, tracer, acid-base indicator, neuroprotective agent,
fluorochrome, etc. This compound was first synthesized by Heinrich Caro in the
year 1876. It is obtained as a dark green crystalline powder or crystal with a
bronze-like luster. When dissolved in an alcohol solution or water it gives a deep
blue color. It is widely used in treating methemoglobin levels greater than 30%.

The figure shows the structure of the methylene blue dye [32,33,34].
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Cl

Figure (1-4 ) Structure of Methylene blue — (C1sH13CIN3S) [33].
1.6 SiO, Nanoparticales

Silicon dioxide, also known as silica, is an oxide of silicon with the chemical
formula SiO,, most commonly found in nature as quartz and in various living
organismsin many parts of the world, silica is the major constituent of sand.
Silica is one of the most complex and most abundant families of materials,
existing as a compound of several minerals and as a synthetic product. Notable
examples include fused quartz, fumed silica, silica gel, opal and aerogels. It is
used in structural materials, microelectronics (as an electrical insulator), and as
components in the food and pharmaceutical industriesin the majority of silicates,
the silicon atom shows tetrahedral coordination, with four oxygen atoms
surrounding a central Si atom (see 3-D Unit Cell). Thus, SiO,forms 3-
dimensional network solids in which each silicon atom is covalently bonded in a
tetrahedral manner to 4 oxygen atoms. In contrast, CO, is a linear molecule. The
starkly different structures of the dioxides of carbon and silicon are a

manifestation of the double bond rule.

SiO; has several dean crystalline forms, but they almost always have the same
local structure around Si and O. In a-quartz the Si—O bond length is 161 pm,
whereas in a-tridymite it is in the range 154-171 pm. The Si—O-Si angle also
varies between a low value of 140° in a-tridymite, up to 180° in B-tridymite. In a-

quartz, the Si—O-Si angle is 144°[33].
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1.7 Literature Review

Several researches used methylene blue dye for studying nonlinear optical
properties

In (2003) R.Ganeev et al. [35],they have studied the Z-scan technique at
wavelength (1064 nm), the nonlinear refraction, nonlinear absorption, and
saturable absorption of polymethine dyes. The coexistence of several
nonlinear optical processes in dye solutions driven by picosecond pulses
was explored, which found to be quite interesting. A number of different
models were used to compute the saturable absorption. On a variety of
polymethine dyes, Nonlinear refractive indices, nonlinear absorption
coefficients, and saturation intensities were determined utilizing nonlinear
refractive indices, nonlinear absorption coefficients, and saturation
intensities.

In (2008) H.Tajalli et al., studied the absorption and fluorescence spectra
of the high-fluorescent laser dye (Nile Red) and the oxazine cationic dye
(Nile blue) in different solvents as a function of the polarity and type of
solvent. The interaction of the dye with the anisotropic surroundings and
the interaction of isotropic solvents were examined and compared using
optical spectroscopy. The spectral shifts were related to the polarity of the
solvent and nature. The photoelectric effect of guest-host systems in an
electro-optical system was also investigated using the method of polarized
spectroscopy, dichromatic ratios, degree of anisotropy, and the dichromatic
ratios of these dyes were investigated in liquid crystal hosts[36].

In (2009) Q. Mohammed [37], they have studied nonlinear optical and
optical limiting properties of Chicago sky blue 6B doped PVA film at (633
nm) and (532 nm) studied using a continuous wave laser. The sign and
magnitude of the third-order nonlinearity from the closed aperture Z-scan

data while the nonlinear absorption properties were assessed using the open

—
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Chapter one Introduction

aperture data. The Chicago sky blue 6B doped PVA film exhibited
nonlinear saturated absorption and strong self-defocusing effect. The
limiting effect of the sample was studied and the results indicate that the
film possesses good characteristic of optical limiting.

e In (2012), R.Manshad and A. Hassa, [38], they have Studied the single
beam Z-scan
technique was used to determine the nonlinear optical properties of the
orcein dye in the solvent chloroform and a dye doped polymer film. The
experiments were performed using CW solid state diode laser with a
wavelength of (532 nm). This material exhibits negative optical
nonlinearity. Optical limiting characteristics of the dye solution and
polymer film were studied. The result reveals that orcein dye can be a
promising material for optical limiting applications.

e In (2012) H. O. Seo et al [39, they have this research was studied by
preparing very thin films of Tio2 and covered with a very thin shot of SiO2
and a thin layer of methylene blue was adsorbed in aqueous solutions. The
absorption capacity was studied in ml of both cases, and the results showed
high absorption capacities. This high adsorption capacity is similar to
methylene blue in TiO, samples covered with, sio2.After discussing the
high adsorption capacity, a simple re-plasticization was done to Thermal
decomposition of methylene can be facilitated, the MB adsorption capacity
of TiO2/Si02 was fully recovered.

e In (2018) M Rao et al. [40]. The researchers, based on the z-scan
technology supported by a femto and Pico nanosecond laser, measured the
nonlinear properties of glass slides containing bismuth and barium. The
linear properties of glass were studied with UV-visible absorption studies.
This study reveals that the content of bismuth in the glass mesh leads to an
increase in the absorption in the glass. Three-photon absorption (3PA) and

free carrier absorption (FCA) are prevalent in BBB glasses. The optical

—
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Chapter one Introduction

absorption and trans-absorption properties of BBB glasses have also been
reported.

In (2019) N. Shokoufi et al.[41] , studied the nonlinear properties of dye
(methylene blue (MB)) and plasmonic nanoparticles (gold nanoparticles
(GNPs)). This study relied on Z-scanning with continuous wave (CW)
pumped solid state lasers (DPSSL). Nonlinear parameters (NLR (N2) and
NLA) ((were determined P)) were determined. Scientologists have
attributed the nonlinear refraction and the and nonlinear thermal effects. Z-
scan show a significant increase in the nonlinear parameter.

In (2020) S. Wang et al[.42], they have studied the nonlinear optical
properties of rubidium vapor using z-scan technique in order to improve
and improve the nonlinear optical processes. And finding nonlinear optical
applications in quantum optics. These properties were also explained under
different experimental conditions. Where the nonlinear Kerr refractive
index n, was obtained from the measured dispersion curve, and it mainly
occurs in the range of 10°° cm?W. The direct measurement of the
nonlinear Kerr coefficient was also used in understanding nonlinear optical

processes

In (2021) A. Awalludin et al. [43] used the z-scan technique to study the
nonlinear optical properties of the fuchsin dye solution, where the
nonlinear refraction (NLR) and nonlinear absorption (NLA) of the fuchsin
dye solution were measured. Four different concentrations of dye were
taken (0.03 mm, 0.05 mm, 0.10 mm, and 0.20 mm). The results of this
study showed a decrease in the value of the NLR and the value of the NLA
increased with the increase in the concentration. This study showed that
acid fuchsian dye has an optical limiting ability due to the appearance of
NLR and NLA reducing properties at 0.05 mM. And it showed that the low

10
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Chapter one Introduction

optical limit (OL) is about 0.04 W under the continuous laser beam (CW)
532 nm.

In (2022) O. Ovchinnikov et al. [44], they have studied methylene blue in
order to improve the properties of nonlinear absorption through core/shell
Au/SIO2 nanoparticles. The researchers analyzed in this study the
nonlinear optical properties of the thiazine contribution dye molecules of
methylene blue (MB+), located in the near-field region of spherical gold
nanoparticles, coated with a shell of silicon dioxide (Au/SiO2 NPs). The
results of the study showed that the saturated reverse absorption
characteristic of MB + dye was increased in the presence of gold
nanoparticles using Z-scanning technology. The study concluded that the
increase in the effective triple adsorption cross-section of MB + particles in

the presence of Au/SiO, NPs makes the observed effect larger.

1.8 The aim of the work

Preparation( MBD/Sio2) nanoparticles film and study the linear and
nonlinear properties of methylene blue dye doped with (SiO, ) nanoparticles at
different weights (0, 0.01, 0.03 and 0.05 gm), by Z-scan technique .

11
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Chapter Two Theoretical Part

2.1 Introduction

This chapter is the theoretical part of the study, we will have a general
description of the theoretical part which will be interpreted with our results of,
this chapter include physical concepts, relationships, scientific clarifications,

and laws used.

2.2 The Optical Properties :

The optical properties give us an explaining about the interaction between
the light and materials. The optical properties of materials are those that are
revealed when the material interacts with electromagnetic radiation. These
properties explain different phenomena such as color, transparency, or opacity.
At the molecular level, different structures of materials cause light to be
absorbed and reflected in different ways, producing diverse effects.
Understanding these phenomena is essential in many current technologies, such
as those based on optical fibers [48-50]. These metal oxides have the
characteristic of a rapid increase in absorption when the energy of the absorbed
radiation is equal to the energy of the prohibited field, which separates the two
bands of equivalence and conductivity and is called the basic absorption edge.
the following
R+T+A=1............ (2-1)

Where: R-reflectivity, T- transmittance, A-absorbance

2.2.1 Linear optical properties

The interaction between the nature and distribution of charges inside the
material (electronic, molecular ,or ionic) and electromagnetic radiation leads to

the appearance of the optical properties of materials [52].

When the electromagnetic radiation falls on the material and interacts with

It, many processes occur as part of the electromagnetic radiation is absorbed by

12
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Chapter Two Theoretical Part

the material and the other part is called the transmitting ray because it passes
through the material while another part of the electromagnetic radiation is

reflected from the surface of the material called the reflected part [53].

In order to obtain information about the interference composition of the
material and the nature of its bonds it is necessary to know the transmittance,
absorption and reflectivity of the electromagnetic radiation falling on the
material For example the energy packets and the quality of transitions within
the material are identified by studying the ultraviolet spectrum but to know the
field of practical applications in which materials are used the visible spectrum
must be studied [54].

2.2.2 Absorbance

When light falls on a medium, part of the light is transmitted through the
medium, part is reflected, and part is absorbed through the medium. The term
absorbance is used a lot in analytical chemistry. When we use the expression
absorption usually, we refer to the physical process of absorbing light, while
when we talk about the mathematical quantity, we use the expression

absorbance.

While dispersion refers to, the scattered incident light by the suspended
particles, and will not actually be absorbed. In this case, the term "attendance" is

preferred, which explains the losses due to scattering and scintillation [51,52].

Where:
I: Is the radiant flux in the material.

I, : Is the incoming radiant flux.
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2.2.3 Transmittance

The part of the light that is not absorbed and goes out of the material is

called transmittance.

When the medium is completely transparent, all light is transmitted without

absorption.

The optical transmittance is given by law [53,54]

I
Ty =— oo (2.6)
Io

The absorbance is related to the optical transmittance:

I = IO e_a't (28)

a: the linear attenuation coefficient.
2.2.4 Absorption Coefficient (o)

The absorption coefficient (a) indicates that incoming light ray is subjected

gradual decrease in its energy flow.

The absorption coefficient (a) expresses this reduction over a unit area along the
direction of wave diffusion inside a medium. Therefore, the absorption is
related to the energy of the incoming radiation and the energy gap of the

material which receives the radiation.

properties of the semiconductor regarding the gap energy of the semiconductor
and the type of electronic transitions.
the equation (2.7) of absorption of ray:

Where: (t) is the distance which radiation move in the matter (o) refers to the

absorption coefficient, it’s usually measured by cm™.
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The absorption coefficient can be written with the form [55]:

1 1
a= 52.303 log(;) .................. (2.9)

where T: Transmittance, d: thickness
2.2.5 Extinction Coefficient (k,)

As we know the refractive index written by the imaginary part and rea part in a

complex from.

The imagery part refers to the extinction Coefficient

The general relationship of refractive index [56]: 1 : complex part.

n =no —iKo .............(2.10) n: the real part.

Generally, the complex part in the refractive index depends crystal structure,
crystal defects and refers to the extinction coefficient.

This part given [57] in:

al

ko =—.. ..
07 4x

e (2.1D)

Where A: is the wavelength of incident photon rays.
2.2.6 Refractive index

The absorption coefficient expresses the interaction of the particles of the

material with the electromagnetic waves falling on them.

The refractive index is the ratio of the velocity of a light wave in a vacuum to

the velocity of this wave in a medium.

Gives by relationship [58]:

_¢ 2.12
n—v............( 12)

where C: velocity of a light in the vacuum. v: velocity of a light in the matter.
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The refractive index does not have a unit.
When the density of the material increases, the velocity of light propagation

through it decreases, and thus the refractive index is greater.

The refractive index is described as a complex number consisting of a real part

that expresses refraction and an imaginary part that expresses attenuation.

2.2.7 Dielectric constant

Usually when we study the optical properties, we also study the dielectric.
Dielectric constant expresses the ability of a substance to focus electric field
lines.

This relates to different frequencies.

At optical frequencies, the electronic polarity is above the remaining types of

polarization [59].

We can calculate the real and imaginary dielectric constant from the equation
[53]:

E=¢& —i& ... (2.13)

where: ¢ is the complex dielectric constant and (e, ie;) are the real and the
imaginary parts of the dielectric constant, respectively, which are related to n

and K, values as shown in the following equations [53]:

(Tl - iko)z =& — igz feroaa s (215)

Then the real and imaginary complex dielectric coefficient can be written as

follows:

g = (n? —kg®) o on e (2.16)
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&, = (2nkgy) oo ... (2.17)
The optical conductivity (o,,) depends directly on the refractive index (n), (c)
Is speed of light and absorption coefficient (o) by the following relation [53]:

anc

O-op = E (218)

2.3 Absorption Regions:

Absorption is divided into three regions as in figure (2-1):

Figure (2-1): The variation of absorption edge with absorption regions [60]
A. High Absorption Region
We can see this absorption in part (A) in the Figure (2-1), when (o) is greater
than 10* cm™,
B. Exponential Region
When the value of the absorption coefficient (o) is (1 cm * < a < 10* cm ™)

as we see in part b of the figure (2.1)

With this value of absorption coefficient, the transition between the levels
extending from the Valens band to the local level in the conductive band and
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vice versa, the transition from the levels local in Valens band to extended levels
in the lower part of the conductive band. Extending from the Valens band to the
local level in the conductive band and vice versa, the transition from the levels
local in (Valence to extended levels in the lower part of the conductive band
[60].

C. Low Absorption Region

In part (c) in Fig. (2.1) in this region the absorption coefficient it is
approximately (o < lem™). The state density is large within the space motion
resulting from structural errors and in this case, transitions occur in this region
[61].
2.4 The Electronic Transitions

There are two types of the electronic transition:

1- Direct Transition

In this type: because of the bottom of (Conductive) is exactly over the top of
(valence Band.) the wave vector before transition equals the wave vector after
the transition. So that r. (AK=0).

The absorption appears when the direct transitions are in two types [62]:
(hv = E;%P%) o o e (2.19)

a. Direct Allowed Transition:
When the top of the valence) and the bottom of the conductivity band.
as shown in figure (2-2).

e Direct Forbidden Transitions:

In this case the electron transport directly from the top of valance band with
Is near the bottom of conductor band. We can see this in figure The absorption

coefficient equation in this case will be with the form [63]:
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ahv = B(hv — E;°P°)" ... ... (2.20)

Where:
EJP": A direct transition energy gap

B: is the constant of material type
r: exponential constant, its 1/2 in the allowed direct transition and 3/2 in the
forbidden direct transition.
e Indirect Transitions:
Indirect transformations occur when, in the curve (E-K), the bottom of the

symmetry band is not above the top of the conductor band.

In this case, a valence electron moves in a non-perpendicular way to the
conductivity, so the value of the wave vector of the electron is not the same in

after and before transition.

This phonon process is carried out in order to achieve the conservation of
energy and momentum.
The indirect transmission in two types [63]:

e Allowed Indirect Transitions:

The permissible indirect transitions occur between the bottom of the
conductivity band and the top of the valence band in the K-space region, as
shown clearly in Figure (2.2).

e Forbidden Indirect Transitions:

Forbidden indirect transformations occur at the bottom of the conductivity band

and above the valence band [64] as in figure (2-2) In this case.

ahv = B(hv — E;%P* £ Epp)" ... ... ... (2.21)
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(r = 2) indirect transition and (r = 3) forbidden indirect transition.

Conduction band

‘alence band
Wave Vector (K)

Figure (2-2): The transition types [65,66].
a. allowed direct transition
b. forbidden direct transition d. forbidden indirect transition
c. allowed indirect transition

2.5 Nonlinear Optical Properties

The study of events that develop as a result of changes in the optical
properties of materials as a result of intense light contact is known as nonlinear
optics.

Nonlinear phenomena have received a lot of attention [67]. Positively charged
particles travel in the direction of applied electric fields, while negatively
charged particles go in the opposite direction. The displacement between
positive and negative charged particles produces dipole moments, and the
dipole moment per unit volume describes the induced polarization of the
medium. Electric polarization is approximately linearly proportional to the
applied electric field (E) when the applied electric fields are sufficiently

minimal [68].
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Where () s the electric susceptibility tensor. In the case of linear optics, this is
the case. When the applied electric fields are high enough, however, the induced
polarization has a nonlinear dependence on them and may be described as a

power series with respect to them:[69]

P=yWE+y® EE+ y® EEE + - ...... (2.3)
P=PD 4+ p@ 4 pB® ... ... (24

Where ¥ is the linear susceptibility, y® is the second order nonlinear
susceptibility, and y® is the third order nonlinear susceptibility The term y(
Is responsible for linear absorption and refraction, and is the only term that
reflects the linearity between the induced polarization and the incident electric
field. The term x® is present only in non-centrosymmetric materials, i.e.,
materials that do not have inversion symmetry. The third order nonlinear optical
interactions, which are described by the term y®) [69]. The field of nonlinear
optics (NLO) has been developing for a few decades as a promising field with
Important applications in the domain of photo electronics and photonics.
Organic materials are considered as one of the important classes of third order

NLO materials because they exhibit large and fast nonlinearities [70].

2.6 Saturable Light Absorption

A nonlinear process that can be associated with real (rather than virtual)
energy levels and population changes in those levels is that of saturable
absorption. This process occurred when the nonlinear absorption coefficient (3
< 0), which can be appeared when a strong light absorption between two levels
causes saturation (bleaching) of the corresponding electronic transition. The two
levels involved surface resonance ground and excited state. On the other hand,

this is a process in which a material can be highly absorbing at a specific

wavelength when a low-intensity beam is incident upon the material, yet an
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extremely intense beam (at that same wavelength) will pass through the medium
with little change in intensity [77].
2.7 Two Photon Absorption (TPA)

Two-photon absorption is defined as the simultaneous absorption of two
photons of the same or different frequency in order to excite a molecule from
one state (usually the ground state) to a higher energy electronic state (TPA).
The process of two-photon absorption occurs when the energy difference
between the implicated lower and upper states of the molecule is equal to the
total of the energies of the two photons, as in the case of a saturable absorber.
This process occurred when the nonlinear absorption coefficient (B > 0). This
effect is shown in Figure (2.8). The two-photon transition rate can be
significantly enhanced if an intermediate level (3) is located near the virtual
level shown by the dashed line in Figure (2.9) [78].

Excited state

N\ NN

---------;\----------I Virtual state

N\ \N\NN >

Ground state

Figure (2.3): Energy levels for two-photon absorption process [ 78].
2.8 Kerr Effect
The nonlinear electronic polarization, which can be defined as altering the
refractive index, is a nonlinear interaction of light in a material. The Kerr effect
can produce a local change in the refractive index in high-intensity laser beams,
causing the laser material to operate as a lens. This can cause laser beams to
self-focus [ 79].
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2.9 Z-scan technique

Z-scan technique for studying the photophysical properties of materials. This
technique depends on focusing laser beams in the z direction to the sample
plane. This transmitted signal has two possibilities, the first is to go directly to
the detector and the second is to go through an opening to the detector. Then a
function is graphed between the magnitude of the detected signal and the

position of the sample[70].

Aperture
Lens
Sample
Detector
I;_aser I
eam
“«—>
Z 0 47

Figure (2-4: Hlustration of the experimental setup for z-scan [70].

When studying the sample of the material under investigation through the focus
of the laser beam, then measuring the radius of the beam (or intensity of the
axis) at a point behind the focus as a function of the position of the sample.

These quantities are affected by the autofocus effect

Figure (2-4) Aperture transmission measurement as a function of sample

position. The left detector is used to monitor the energy of the incident pulse.

We observe the nonlinear absorption, by measuring the absorption of each
photon separately. By recording the strength of the entire transmitted beam.

Using this data, the measurement of nonlinearity can be corrected.
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Z-scan technology is used to measure the nonlinear refractive index n and
measure the refraction and nonlinear absorption in the material, which can
simultaneously measure the nonlinear absorption bracelet in liquids, solutions,
gases, solids and non-linear refraction in solids, liquids and liquid solutions.
And that through the application of a single laser beam. Therefore, this method
Is often used because it is easy, accurate and quick to implement, and There are

two use cases for the system (Z-Scan).

2.9.1 Z-Scan closed an aperture

In a closed-aperture Z-scan the nonlinear refractive index n, can be
calculated from the following formula [2.21]. If a material with a negative
nonlinear refraction index and a thickness lower than the diffraction length of
the focused beam is utilized, the Z-Scan transmittance as a function of Z is
related to the sample's nonlinear refraction. This can be thought of as a narrow
variable focal length lens. The beam irradiance is modest and nonlinear
refraction is minimal distant from the focus (Zo).

The measured transmittance remains constant in this situation (i.e., Z-
independent). Irradiance increases as the sample approaches the beam focus,
causing self-lensing in the sample [71].A negative self-lens in front of the focal
plane will tend to collimate the beam aperture in the far field, increasing the iris
position transmittance.

Following the focal plane, the same self-defocusing increases the beam
divergence, causing the beam to diverge at the aperture and lowering the

measured transmittance. Far from focus (Z >0), nonlinear refraction is modest,
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1.08

Hormalged Transitace
8

Ad,: nonlinear phase shift.

A: is the wavelength of the beam.

I,: is the intensity at the focal spot.

lesr: is the effective length of the sample which can be determined from the

following formula [71]:

1—e %],

R e (2.24)

lepr =

Where:
L: the sample length.
a,: linear absorption coefficient.

The intensity at the focal spot is given by [71]:
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_ 2Ppeak

I
0 W,

e (2.25)

Where:

w,- the beam radius at the focal point.

Ppeai - the peak power given by
E

Poeak = A (2.26)

Where:

E: the energy of the pulse.

At: the pulse duration.

The closed-aperture Z-scan defines variable transmittance values, which used to

determine the nonlinear phase shift A®, and the nonlinear refractive index n;

using the above equations

2.9.2 Z-Scan open aperture

Open aperture Z —scan was used to in investigate the nonlinear absorption

coefficient by removing the aperture. This case corresponds to collecting all the

transmitted light and therefore it is insensitive to any nonlinear beam distortion

due to nonlinear refraction [71,72].

The coefficients of nonlinear absorption can be easily calculated from such

transmittance curves. The total transmittance is given by [71]:

- [1 fIOZLeg Z]m
T(2) = mZO (m( - 1)"3)/2

Where:

Z: is the sample position at the minimum transmittance.

—

e (2227)
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Z,: the diffraction length.
m: integer
T(z): the minimum transmittance.

Z-Scan with a fully open aperture is clearly insensitive to nonlinear refraction,
even with nonlinear absorption (thin sample approximation). With no aperture,
the Z-Scan traces should be symmetric with regard to the focus (Z = 0), where
they should have the lowest transmittance (e.g., multiphoton absorption) or
maximum transmittance (e.g., saturation of absorption). In fact, the coefficients
of nonlinear absorption can be easily calculated from such transmittance curves.
Nonlinear absorption coefficient (f), can be easily calculated by using the

following equation:[73]

g = 2V/2T(2)

e (2.28)
Iolers (

Where T(z): the minimum value of normalized transmittance at the focal point,
(Z=0). It should be clear that the transmittance versus sample position graph of
such an open aperture Z-Scan should be symmetric around the focus as shown
in Figure (2.5).

r A
Saturation Two Photon

Absorption Absorption

— p——

Transmittance

Position

Figure (2-6): Open aperture Z-Scan curve [ 73]
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3.1 Introduction

This chapter includes the materials used in the work and their method of
preparation, as well as some devices used in the characterization of the prepared
samples, such as the optical microscope, , spectrophotometer, and the Z-

scanning technique.
3.2 The Utilized Materials
The following materials were used in this study:

e Methylene Blue Dye (MBD)

Methyl blue (MB) is a soluble dye in a different sol-vent, which is widely
used in the in-research laboratories. MB was chosen as the model dye in this
research. The methylene blue dye has the physical properties shown in the table
(3-1) [34].

Table (3-1): The physical Properties of Methylene blue dye [34].

Methylene blue C16H18CIN3S

Molecular Weight of Methylene blue 319.85 g/mol
Trade names Urelene blue, Prove blue, Provable

Melting Point of Methylene blue 100 to 110 °C

Routes of administration Mouth and IV

e Silicon Oxide (SiO,) Nanoparticles

We will add silicon dioxide nanoparticles in the form of white powder with a
size of (Size: 20-30 nm, purity: 99.8%). from company (Hongwa Inter National
Group Ltd.-China).
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3.3 Preparation of Nanocomposites Films

Film samples were prepared consisting of (MB/SiO,) Nanocomposite films

samples were prepared according to the following steps:

I- Nanocomposites films were prepared by pouring 100 ml of chloroform alcohol
into a 100 ml volumetric flask, adding 0.2 gm of methylene blue dye with
different concentrations which are (0.01, 0.03 and 0.05) gm. of nanoparticles
Si0O,. The flask is placed in a magnetic rotating device with a frequency of 1.2
kHz, then the agitator is placed inside the flask to stir the alcohol until
complete dissolution for 30 minutes at a temperature of 150 ° C to obtain a

more homogeneous solution and then wait until the solution cools.

Figure (3-1): image (drip and wipe method).
II-  The same steps 1 and 2 are repeated with the addition of of
nanoparticles until complete dissolution and then drop it on a glass slide.
I11- The same steps are repeated 1, 2 and 3 with a change in the weight ratios
of the nanoparticles to obtain other dyes.
IV-  The samples thickness was measured, it is found to be in the range of
(15- 25) um. The stages of the experimental work and procedure are
illustrated in Figure (3-2).
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Material Used MB, SiO, nanoparticles

Preparation of (MB/SIO,) Films by adding
SiO, nanoparticles to MB with different
weight ratios (0,0.01,0.03,0.05 gm.)

Properties

U Nonlinear Properties
| Optical I |

Linear Properties

Structural

Figure (3-2): The Scheme of (MB/SiO; nano) films and the structural, optical and

Nonlinear properties.

3.4 Measurements of Structural Properties:

3.4.10ptical Microscope

The as-prepared nano-sample (MB/SiO,) was structurally examined using an
Olympus Toup View optical microscope (Nikon-73346) equipped with an
automatic light intensity control camera. It has a magnification power (10x and

40x) and this device is located in University of Babylon / College of Education
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for Pure Sciences, Department of Physics, which is shown in the the following
figure (3.3).

Figure (3.3): optical microscope

3.4.2 UV-VI Spectrophotometer

The fields of spectroscopy are generally distinguished according to the
wavelength range in which the measurements are made, and among these areas
we can distinguish: ultraviolet, visible and infrared rays, and in this technique
we will measure spectrophotometry in the ultraviolet and visible fields, It is a
technique for determining optical properties, and the principle of this technique
depends on the interaction of light with the sample to be analyzed, and part of
the incident beam is absorbed or passed through the sample, when the material
absorbs light in the ultraviolet and visible range, the absorbed energy causes
disturbances in the electronic structure of the thin films This results in a transfer

of electrons from a lower energy level to a higher energy level [74].

For this purpose, we used (Shimadzu, UV-1800 OA, JAPAN) AS Shown in
Figure (3.5). The Absorption Spectrum is Recorded at room temperature.

—
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Figure (3-4): UV photographic of spectrophotometer

3.4.3 Z-Scan System

The nonlinear optical properties for (MB/SiO,) nanocomposites films are
explained through Z-scan measurements to determine the nonlinear refraction
index and the nonlinear absorption coefficient. In this work, used CW diode
laser was used to measure of NLO properties of (MB/SiO,) nanocomposites
films by Z-scan technique. Z-scan experiments were performed using 532 nm
(CW) solid state laser, (maximum power is 50 mW, which was focused by 15
cm focal length lens. The laser beam waist ®, at the focus is measured to be 0.4
cm and detector. The sample put in quartz cell was scanned using transition
system along direction Z-axes through the focusing area. Z- Scan experiment
illustrates in the Figure (3.5). This work was prepared in (College of Education /

University of Babylon).
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Figure (3-5): Schematic diagram of Z- Scan Technique
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Chapter Four Results and Discussion

4.1 Introduction

In this final chapter which includes the discussion and results of the prepared
samples (Methylene Blue Dye/ SiO,). The results of the characterization of
these nonlinear structural and optical films were analyzed using optical
microscopy and spectrophotometer, by which the absorption and transmittance
were obtained, and then the absorption coefficient and the attended field were
calculated through some relations. The dielectric constants, damping coefficient
and refractive index were also compared. The reason for changing these

characteristics.

4.2 The Structural Properties

The structural properties of methyl blue dye added to it silicon oxide was

studied using a microscope.

4.2.1 The Optical Microscope

Show a difference in the surface prepared samples using light microscopy.
Photographs of these samples were taken at a magnification (10x and 40x).
Figure (4.1) shows optical microscopy images of dopant samples with different
concentrations by weight of nanoscale silicon oxide compared to the pure
sample. A clear difference was found between the pure and similar sample with
increasing concentrations of silicon oxide, as it was found that the increase in
the doping concentration with silicon oxide leads to the formation of a
continuous network by the filler materials inside the compound, methyl blue
dye, which in turn forms paths for charge carriers within these compounds that
allow the passage of charge carriers inside the compound. these paths [75]. This

results agreement with the results of the previous researcher [76].
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Pure 0.01 gm 0.03 gm

b - 40 x
Figure (4-1): morphology (a-10x and b-40x) for (MBD:SiO2) nanocomposites films.
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4.3 The Optical Properties

A study of optical properties using spectrophotometry of prepared samples
(MBD/SiO,) aims to know the effect of doping of nano silicon oxide on the
methyl blue dye. The absorption and transmittance spectra of samples are
recorded using by spectrophotometer, and then the rest of the optical properties
are calculated, such as absorption coefficient and optical gap calculation, and

damping, refraction, optical conductivity and dielectric constant.

4.3.1 Absorbance (A)

In Figure (4.2), we notice that the change in the absorption spectra relates to
wavelength of the incident ray (MBD/SiO,) nanocomposites films. The
absorption of (MBD/SiO,) nanocomposites with different doping concentrations
of silicon oxide was recorded within the spectrum range (400-800 nm). The
intensity of adsorption always increases by the increasing addition SiO,
nanoparticles in the prepared films. That is, there is no chemical reaction

between the components of the thin film [77].

It is evident from these absorption spectra that the optical transmittance is
reversed, as the absorption spectrum of a pure sample is the lowest possible,
then the absorption increases as the doped ratios increase. Similarly, we find
that the absorption spectra at the doped ratios 0.03 and 0.05 are the highest
possible and almost similar in these two ratios and the highest absorption peak
is at ~600 nm wavelength. As for the dopant ratio 0.05, the absorption is highest
at 400 nm, then gradually decreases to 800 We find that the absorption spectrum
slightly increases from 400 to 650 nm and then starts to decrease to 800 nm.
This loss (light wave extinction), which may be caused by several factors in the
absorption and scattering caused by the residues of non-reactive molecules
[78,79].
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1 —
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Figure (4.2): The absorbance spectra as function of wavelength A(nm)

of (MBD/ SiO,) nanocomposite film at deffent value of Sio,

4.3.2 Transmittance (T)

Optical transmittance was calculated and illustrated in Fig. (4-3) The
transmittance (T) as a function of wavelength of (MBD/ SiO,) nanocomposites.
The figure (4.3) shows that permeability for all samples decreases by increasing

concentration of nanoparticles (SiO,), and, this is in agreement with [80].

The change and decrease in the optical transmittance of the prepared samples
was observed with increase in percentage doping of silicon oxide. The
explanation for this is the presence of free electrons in the outer orbitals of SiO,
nanoparticles and the transfer of electrons to higher energy levels. As a result of
their absorption of magnetic energy from the incident light so that the electron
occupies vacant positions in the energy levels, the transition is not accompanied
by radiation. (MBD/ SiO,) compound has a large permeability and its electrons
are bound by covalent bonds, so it needs a high electron energy to move to
higher energy levels. [81] The previous figure for the studied samples shows
that the transmittance spectrum of the pure sample is higher than that of the
anesthetized samples and the lowest absorption rate at the highest percentage of

doping of silicon oxide and at the percentage of doping 0.01,0.03, 0.05(gm) the
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transmittance spectrum is almost the same, with a clear decrease in the same

thing at 600 nm Approximately.

09 -
0.8 F
0.7 F
06 F
T 05 Pure
0.4 -
0.3

0.2
0.1 0.05wt

0.01wt
0.03wt

200 400 600 800 1000

Wavelenegth nm

Figure (4.3): The transmittance spectra as function of wavelength A(nm)

of (MBD/ SiO,) nanocomposite film at deffent value of Sio,

4.3.3 Absorption Coefficient ()

Fig (4.4) shows a as a function the wavelength of the nanocomposites
(MBD/ SiO,) It is observed that the absorption coefficient decreases at the high
wavelength, so the probability of electron transfer is small as the energy of the

photon is small so that the electron can move between the bands [82].

The higher energy, the a is higher; This means there is high potential of electron
transitions and therefore, the energy of the incident photon is sufficient to move
the electron between the valence and conduction bands. The energy of a photon
is greater than the energy of the forbidden field, and This means that the
absorption coefficient reveals the nature of electron transfer from valence band
region BV to conduction band region BC [82]. We are observed that absorption
values are high at high energies, so the energy of incident photon is good for

direct electron transfer, while at low energies the electron cannot cross the
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restricted energy gap and move from valence band to conduction band, direct
electron transfer from the valence band to the conduction band occurs at values
of the absorption is greater than 10 cm™, while the indirect transport is at
absorption values less than 10 cm™. The means that electron transfer is indirect
for MBD compound doped with SiO, nanoparticles because the absorption
coefficient values are less than 10* cm™. We note that the values of the
absorption coefficient increase with the increase of the doping ratios, especially
at high energies, and we also note that the change in absorption coefficient with
photon energy be little at low energies and then changes quickly and
significantly near the edge of the optical absorption. As it is clear from all the
curves that there is an absorption region a<10* cm™ and this probably does not
occur directly electronic transitions, as we notice that the absorption edges shift
slightly towards low photon energy and this effect is called (Burstien-Moss)
This is due to generation of donor levels within band gap near conduction band,
and this resulted in the absorption of low-energy photons and, thus, an apparent

appearance. Increase in absorption coefficient values [83].

7000 |
6000 - Pure
0.01wt
5000 - 0.03wt
4000 - 0.05wt
1
acm 3000 -
2000 |-
1000 -
0
0 1 2 3 4 5 6 7
EeV

Figure (4.4): Variations of absorption coefficient in terms of photon energy for (MBD:
SiO,) nanocomposites.

4.3.4 Energy band gaps of allowed & forbidden direct Transition

A permissible & forbidden energy band gap in the indirect transition band
was calculated using the equation (2-16). The value of exponent (r) depends on
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the nature of transitions. In permissible direct transformations, its value is 1/2.
In the case of forbidden direct transformations, its value is 2/3, and value the
energy gap E, corresponding to direct electronic transitions is graphically
determined from the graph of the graph of (¢hv) m changes in terms of (hv)
then the best and furthest linear part of the curve is taken and plotted as a
straight-line tangent to it. So that corresponds the intersection of this tangent
with the horizontal axis (hv) with the value of the energy gap Egy, becomes (ahv)
m = 0. The figure (4.5), (4.6) represents energy gap of films in allowed and
forbidden direct electronic transitions. It is noted that the values are listed of
Table (4.1) and it can see that the energy gap values decrease by increasing
weight ratios in SiO,. This is attributed to creation of site levels in forbidden
energy gap; The transition of case carried out of two stages involving transition
of electron from VB to local levels to CB due to the increase in weight
percentage of SiO, nanoparticles [84]. The behavior is attributed to fact the
nano -composites are of a hetero-geneous type (i.e., electronic conduction
depends on the additional condensation), and increase of SiO, and nano
particles provides electronic pathways in methyl blue dye facilitating the
electron transit from VB to CB, which explains decrease the Eg with increase
SiO, [78].

In Figure 4-6, it is observed that when the ratios of SiO, nano doping increases,
the energy gap values decrease, and the electrons can move from VB to CB
easily with high drug ratios.
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Figure (4.5): The variation (a¢hv)
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Figure (4.6): The variation (ahv) by photon energy for (MBD: SiO5)

nanocomposites.
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Table (4.1): shows the energy gap values of permissible and forbidden direct transitions
of the samples.

Sample Permissible energy gap (ev) | forbidden energy gap (ev)

4.50

Pure 4.1
4.1

0.01 3.52
3.10

0.03 2.5
2.5

0.05 2.2

4.3.5 Refractive Index (n)

The reflection formula is given for the semiconductor in the case of
orthogonal fall Knowing that the reflectivity on the inner surface of the samples

Is negligible from formula (2.8)

Figure (4.7) shows change n of nano-composites (MBD/SiO,) as function of
wavelength. It is clear this fig that refractive index increases by increasing
concentration of (silicon oxide) in the methyl blue dye. The reason for this
result is that increasing the concentration of (silicon dioxide) leads of an

increase in density of nanocomposites [79,85,86].

The value of the doping ratio due to transmitting the largest wavelength is
greater while decreasing at the larger wavelength.

A small peak appears at ~600 nm, in a pure sample the spectrum is nearly
linear. The refractive index curve of all samples except the pure sample
increases slightly with increasing wavelength (abnormal dispersion), and it is
known that behavior of n curve is almost similar of nature of reflectivity due to
the correlation of R with n in addition, the decrease in the values of n at a

wavelength greater than 600 nm is due to lower absorption [87].
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Figure (4.7): The refractive index (n) as function of wavelength for (MBD:SiO2).

4.3.6 Extinction Coefficient (ko)

Figure (4.8) shows change of K, by function of wavelength, for
(MBD/SI0,). It can see (Ko) has low value of low concentration, but it increases
by increasing concentration (SiO;). It is attributed the increase in the a with
Increase in wt ratios (SiO,). The K, has high values in the UV, and this behavior
is related by high absorption of nanocomposite’s samples. the k, of
nanocomposites increases by the increase of A in the vis and near-IR regions
which is related to the o of nanocomposites which is nearly constant in the vis

& near-IR region, thus, k, increases by increasing wavelength [88,89]

It was observed that the values of Kq increase with increase in doping ratios
SiO, nanoparticles and therefore increase in values of absorption coefficient
with the increase in the ratios of the doping added to the membranes, and the

extinction coefficient also increases with the long duration. [90]

The spectra of the extinction coefficient increase with the increase of the doping

ratios and is almost linear in the net sample, we found that the values of (ko) are
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small in the case of low wavelengths and then start to increase and this indicates
an increase in the absorption values and therefore the absorption coefficient

increases and the damping coefficient increases.

0.016
( Pure
0.014 I 0.01wt
0.012 | 0.03wt
0.01 0.05wt
k 0.008
0.006 |-
0.004
0.002
0
200 300 400 500 600 700 800 900
Wavelenegth nm

Figure (4.8): Changes of extinction coefficient with wavelength A(nm) for samples
(MBD:SiO;) nanocomposites.

4.3.7 Dielectric Constants

The constant of parts real - imaginary was calculated to the nanocomposites
(MBD/SIi0,). High dielectric values compared to the dielectric values. The real
value of the dielectric is based on the values of n? k° while the imaginary

dielectric is based on the values of n, k.

Figures (4.9) and (4.10) show the change in the dielectric constant of two parts
(real - imaginary) as function of A. These figures show that the constant of real
and imaginary two fractions increase by increasing concentrations SiO,
nanocomposites, and this behavior is related to increase electric polar-ization
because the input nanoparticle concentration of sample, that is, the increase in
di-electric const for (MBD/SiO,) partially increases in the charges within the
methyl blue pigment [91]. The di-electric const depending on n because effect

of Ky is small and imaging part of di-electric const related to K in the vis &
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near-IR of A h where the refractive index is nearly constant while the extinction

coefficient increases with increasing wavelength. [92].

It is clear from the true dielectric constant curves (4.9) that they are similar to
the refractive index curves in (4.7) in which the effect of the extinction

coefficient is weak.

As for (4.10), it displays the spectra of the dummy dielectric constant of the
movement of the electrodes causing the energy loss, and we note that the
increase in impurities increases €; and they are very similar when the damping
ratios are (0.01, 0.03, 0.05).

—a—Pure
7 0.01wt
AN 0.03wt
6 N

0.05wt
5 \
4 -
&

200 300 400 500 600 700 800 900

Wavelength nm

Figure (4.9): The real di-electric const (¢;) as a function of incident A for (MBD: SiO5).
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Figure (4.10): The imaginary di-electric const (g;) as a function of A (MBD: SiO5,).
4.3.8 Optical Conductivity (o)

Figure (4.11) shows change the photoconductivity as function of A of
nanocomposites (MBD,SiO;). Where the increase in optical conductivity is
because of increase charge carriers. spectra for photoconductivity increases
when the doping ratio increases, noting that the two spectra for the doping ratios
are 0.01,0.03, 0.05(gm) are almost the same, the behavior of the
photoconductivity is similar to that of the absorption coefficient a because the
relationship between ¢ and a is a direct relationship and this is due to the fact
that as the material absorbs light, the majority and minority charge carriers

activate the movement and therefore their number increases.

The increased photoconductivity at the lower photon wavelength is due to the
higher absorption of all nanocomposite’s samples in this region, and thus the
increased charge transfer excitation. photoconductivity of nanocomposites
increases by increasing of SiO, nanoparticles, and behavior is led to the
establishment for localized levels in Eg; Increasing concentrations SiO,
increases density the localized phases in band structure, thus increasing a and
thus increasing o the (MBD/ Si0O,). [80,92].
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Figure (4-11): Optical conductivity as function by wavelength for (MBD: SiO,)
nanocomposites.

4.4 The Nonlinear Optical Properties

The nonlinear study of optical proper-ties was done in four different cases of
the compounds (MBD/ SiO,), the first case was a pure sample without addition
of nanoparticles (SiO,), while the other cases were the addition of nanoparticles
(SiO,) with difference. concentrations. We obtained the n and the nonlinear «
from the nonlinear optic measurements at 540 nm wavelength of the dual laser
In both cases Z scan closed-open aperture data for the samples with CW laser at
(540 nm).

4.4.1 Non-linear Refractive Index Results

The non-linear reflection coefficient of four types has been studied. All these
four states of the nanocomposite’s films Measured using closed aperture Z
scanning technology. Figure (4.12) shows closed slit z- scan for the first type,
for the (MBD/ SiO2) without nanoparticles (SiO,) and the other three bags with
(0.01,0.03,0.05) (gm) added.

Figure (4.12) The figure shows the standard vectors of Z-Scan measurements in

terms of distance. The peak of the valley transmittance curve that we obtained
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from the closed aperture Z-scan data shows that the nonlinear refraction signal
Is negative (n, < 0), which leads to distortion of the focus of the lens in these

samples [93].
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Figure (4.12): Closed-Aperture for the methylene blue dye doped SiO; films.

The order to describe behavior of the Z-Scan in previous fig, when sample are
moves away from focus, The transmittance is constant, the transmit beam
intensity is low, and when the sample approaches the focus of the beam The
intensity of the transmitted beam is low and the transmittance remains relatively
constant. When the sample approaches the focus of the beam, the intensity

increases, resulting in the subjective lens in sample

tending of collect the beam that is located in the aperture is in the farthest field
and therefore the transmittance that was measured in the place of the iris. And if
the beam meets a non-linear shift in phase due to the sample and it is translated
by the focal area and here part of the light that falls on the detector will change
and the reason for that is the subjective lens that is generated within the material

by condensation The laser beam and here the measured signal will appear in the
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form of a crest and a valley and depends on the location of the crest and valley
(Tp-v) on a non-linear phase shift signal. Moving within the nonlinear medium,
the induced phase displacement is either negative or positive when the medium
IS non-self-centered or self-centered, respectively. We can determine the
magnitude of the phase shift from the change in optical transmittance between
the top and bottom. Outside the focal plane, increasing the defocus increases the
beam spacing, this expands the beam at focus and will reduce the measured
transmittance. Out of focus (z > 0), also the nonlinear birefringence is low and

therefore the transmittance of Z is not independent [94,95].

4.4.2 Non-linear Absorption Coefficient Results

The non-linear absorption coefficient (B) of their first state (MBD) thin films
(MBD) without nanoparticles (SiO;) and the other three bags with the addition
of (0.01,0.03,0.05) gm. of nanoparticles (SiO,), can be measured by
implementing the open-slit Z-Scan technology. The per-formed open aperture
measurement scan shows an excessive amount of transmission around the focus

of the lens.

The transmittance behaves linearly for different distances in the far field of the
sample position (-Z). Then the transmittance decreases in the near field until the
minimum value (T.,) is reached at Z = 0 for sample position (+Z). The
intensity changes here and the reason is when the sample is moved within the
center of the sample due to the absorption of two photons. The open aperture Z-
Scan determines the change in transmittance values which are used to determine
the absorption coefficient and that matches well [95,96]. Z-scanning with open
aperture of (MBD/SiO;) nano films at 540 nm, 5 mW shown in Figure (4.13)
[95,96].
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Figure (4.13): Open-Aperture for the methylene blue dye doped SiO, films [95,96]

While the phenomenon (saturated absorption) of open aperture Z-scanning is
observed for a pure sample as shown in Figure (4.13), The transmittance
behaves linearly in the far field at the location of the sample (+Z). In the near
field, the transmittance curve increases until it reaches a maximum value (T max)
at Z = 0. The transmittance behaves linearly as it decreases at the position (-Z).
The optical transmittance is sensitive to linear absorption. The saturation
absorption changes the intensity during the transfer of the sample [96]. The
density is greater within the crystal plane, and it has been observed that the
largest nonlinear absorption is within a far radial field where the beam intensity
is very narrow and no nonlinear effect occurs. The symmetrical peak of 3 acts
as a negative nonlinear absorption coefficient, which leads to the appearance of
the sample as saturated. This behavior is consistent with [96,97]. Then the
nonlinear absorption index and the nonlinear refractive index values were found
for the (MBD/ SiO2) nanoparticles as summarized in Table (4.3).
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Table (4.2): The results of nonlinear optical properties for the methylene blue dye

doped SiO; films by Z- scan technique with CW laser at (540 nm).

Sample Wt % of AD Less n, x 1076 B
SI0; (cm’mW) | (cm/m W)
P, 0 0.534 0.0946 0.017 0.1085
P, 1 0.801 0.1015 0.026 0.1133
Ps 3 1.201 0.1056 0.039 0.1288
Py 5 1.708 0.1102 0.056 0.1379

4.5 Conclusions

The main conclusions obtained in the research:
1. The drip and wipe method are a good and easy way to obtain a thin film,

as the measurements were taken at room temperature in addition, normal
atmospheric pressure without the need for vacuum.

2. The impurity samples have good refractive index and dielectric constant,

and they can also be used in applications with large n values.

3. It was also found that the transmittance decreases when the percentage of
doping increases and therefore, the absorbance increases with the increase
in the ratio at doping visible rays, which reached the highest peak at 600
nm almost.
4. The real dielectric constant curves behave similar to the refractive index
because they are related to each other where the damping coefficient is

weak.

5. On another hand, it was showing E4 decreases by increase in percentage
of doping, and this in-crease led to the declinate of the absorption edges
towards lower energies, that is, a decrease in the concentration of charge

carriers.
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6. The results showed an improvement in most of the optical properties of
the nanocomposites (MBD/SiO,) with increasing the concentration of
SiO; nanoparticles.

7. The results of closed-aperture Z-Scan for all cases show high nonlinear
optical properties, self-defocusing negative.

4.6 Future Works
We recommend future work

1. We recommend the linear and nonlinear study of optical properties by Z-
Scan technology for different types nanocomposites with new solvent,
with lasers at different wavelengths and different power.

2. Using different nanomaterials with methyl blue dye and studying the
spectral range and optical limit such as gold nanoparticles.

3. Use another type of pigment and use different methods to create another
type of functional group in organic dyes.

4. Prepare dye membranes with various other materials and study their
optical and electrical properties.
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