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Abstract

Nanocomposites have a vital role in different applications due to their novel properties .In this
study, we used theoretical and experimental methods. In theoretical method, we studied
polarizability, refractive index and optical absorbance of Bi,O;@Fe;O4 core-shell
nanocomposite. In this part, two optical resonances are appeared due to two interference of
the composite. The two resonances are varied based on the concentration of core or shell
material. In experimental part, Bi,O3 -Fe3O4 composite nanostructures were synthesized using
chemical and biological synthesize routes. The structural properties of the composite were
performed using XRD spectroscopy. In this analysis, in both routes both materials are present
in the composite. It was understood that Fe;O4 nanoparticles were decorated around Bi,Os3 in
the morphology of nanostructures. Energy band gaps of Bi,O3; -FesO, nanocomposite
structures were obtained from Photoluminescence. The band gap values of nanostructures
were calculated to be in the range of 2.33-2.36 eV.
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Chapter one

Introduction

1.1 Background of the Study

Significant applications of bismuth oxide in the fields such as microelectronics (Singh et
al., 2010), sensor technology (Bera et al., 2010), optical coatings (Huang et al, 2001),
transparent ceramic glass manufacturing (Johnson et al, 2001) have been discovered during
the last years. The material is characterized by a large energy band-gap, high
photoconductivity, high refractive index, dielectric permittivity and photoluminescence.
During the growth of crystallites with different geometric shapes, various phases occur. Until
now, five polymorphic forms of bismuth oxides were obtained: two stable polymorphs,
namely a and & phases (a -Bi,O3 is monoclinic, § -Bi,Oj3 is face-centered cubic), and three
metastable phases, i.e. £, y and w (B -Bi,Os is tetragonal, y -Bi,O3 is body-centered cubic, w -
Bi,Os is triclinic) (Shen et al, 2013, Lawrie et al, 2012). For nanometric thicknesses, BiO is
predominant phase, while in case of micronic films, a -Bi,O3 and Bi,O3 are the main phase
components (Subramanian et al, 2003).

Bismuth oxide nanoparticle (BONP) manufactured in different morphology used for
different application s, for instant, for coating and heterojunction purpose, biological, medical,
cosmetic and environmental remediation. Specially, sheet like (1D) structure of this material is
very important for different applications and it broadly studied.

Thin films of bismuth oxides have been obtained using such methods as electro deposition,
Bi,O3 1D nanostructures are quite sensitive to low concentrations of NO, in ambient air but
are almost insensitive to most other common gasses (Liu et al, 2013). Nevertheless, enhancing
their sensing performance and detection limits remains a challenge. Several techniques, such
as surface functionalization (Kalele et al, 2006, Chavez et al, 2016, Lee et al,2011), doping
(Carney, 2017, Lin et al, 2006, Beyene et al, 2019), core-shell structure formation
(Kaminskiene et al, 2013, Link et al, 2000, Chen et al, 2014) and UV irradiation (Serhan et al,
2019, Shivola, 2000, Arkhipova et al, 2015), have been developed to enhance the sensing
performance, detection limit and operation temperature of 1D nanostructure sensors. On the
other hand, the effects of a combination of two of these techniques on the sensing properties of
Bi,O3 1D nanostructure sensors have not been reported. In this study, multiple networked
Bi,O3-core/ZnO-shell nano belt sensors were fabricated and their NO, gas sensing properties
under UV illumination were examined to determine the combinational effects of core—shell
structure formation and UV irradiation on the gas sensing properties of Bi,O; 1D
nanostructures.



Among the various inorganic semiconductor nanomaterials, magnetite (FesO4) nanoparticles
have attracted great attention due to the promising combination of size dependent electronic,
optical, photochemical, and luminescent properties combined with the availability, a great
variety of attainable geometries of nano-assemblies, and low toxicity (A.R. bijanzadeh, 2012).
The broad spectrum of applications of FesO4 NPs, such as sensors, solar cells, bioimaging,
photocatalysis, UV-shielding, LEDs put forth rigorous requirements for chemical, thermal,
and photochemical stability of Fe3O, NPs, versatility of surface chemistry, control of the
FesO4 NP size and compatibility of Fe3O4 NPs with water based bio-environments.

In this work, we have studied the optical properties of spherical Fe;0,@Bi,03 core-shell
nanocomposite embedded in sodium dichromate medium using Mathematica Wolfram
software.

There is an investigation on the optical properties and applications of noble
magnetic@semiconductor core-shell nanocomposite (Wolf et al, 2014), however, to the best
of our knowledge, investigation of plasmonic effect on optical properties of spherical
Fe;0,@Bi,03 core-shell nanocomposite is not yet reported. The host medium sodium
dichromate (Na,Cr,0-) used to protect corrosion, it is environmental friendship, it is not react
with shell material. A single nanoparticles have a drawback for a certain or appropriate
applications; hence modification or generate new properties for the desired applications it
should be combined with other noble materials. By considering the noble properties and
potential/versatile applications into account, the efforts are being made for optical properties
of Fe304 and Bi,O3; by combining them using coating technique. Rather, these materials have
been investigated most extensively because of their high catalytic, universal bio-compatibility,
optical sensitivity, facile preparation, resistance to oxidation, and surface plasmon resonance
(SPR) band that can absorb and scatter visible light relative to other noble metals (Sagadevan
et al, 2017). We have seen the effect of shell thickness and core size on polarization, refractive
index and optical absorption for new model of composite.

Experimentally, we synthesize the composite of ferric oxide with bismuth oxide with different
morphology. As we stated above, these two materials have noble properties, so they will have
enhanced properties. As already known, if the materials modified or enhanced properties, they
will use for different fields. As far as our knowledge concern, there is no nanocompoiste made
from these two materials.

The thesis is organized as follow: In chapter 2, we review some documents which are related
with our work. Theoretical description of quantum dot Fe3O,@Bi,O3 core-shell
nanocomposite is carried out using the electrostatic approximation and experimental work of
this work in composite form is addressed in chapter 3. Numerical analysis and experimental
results analysis are presented in chapter 4. Finally, in chapter 5 concluding remarks are given.

1.2 Statement of the Problem
Bismuth oxide (Bi,O3; ) and magnetite (Fe3O4) have a novel properties and wide
applications but, the combination these two very important materials is not studied. Their
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combination may have enhanced properties and used different applications. The morphology
and the way of combination may have different applications. In this study, we try to combine
and investigate the properties in theoretical and experimental method.

1.3 Significant of the Study

Significant applications of bismuth oxides in the fields such as microelectronics, sensor
technology, optical coatings, transparent ceramic glass manufacturing has been discovered
during the last years. The material is characterized by a large energy band-gap, high
photoconductivity, high refractive index, dielectric permittivity and photoluminescence.
Magnetite also has different morphology and different application too.

The study of these combination will use as frame for further investigation. Researchers and
students may study in different morphology and combination for various applications.

1.4 Objective

1.4.1 General Objective
The general objective of this work is to study and characterize optical and electronics
properties of Fe;04-Bi,O3 nanocomposite using theoretical and experimental method.

1.4.2 Specific Objective
The specific objectives are:
= To study polarizability, refractive index, and optical absorbance of the nanoinclusion
embedded in non-absorptive host medium.
= To investigate the effect of core and shell concentration and permittivity of the
medium on the optical response.
= To synthesize and characterize Fe;04-Bi,O3; nanocomposite.
To compare the result of green and chemical synthesis of Fe30,4-Bi,O3 nanocomposite.

U



Chapter Two

2. Review of Related Literature

A great attention has been given to the development of nanomaterials as they exhibit
unique material properties as compared to their bulk counterpart. These unique properties
include optical, magnetic, specific heat, melting point, surface activities, chemical and
biological properties (Wang et al, 2017). Nanomaterials forms heterogeneous structures
composed of a noble magnetic and a semiconductor. These peculiar type of systems offers to
design materials with novel and unique physical and chemical properties. As isolated systems,
the optical properties of semiconductor quantum dots (QDs) and noble magnetic nanoparticles
(NPs) are characterized by excitation of electron. In both cases, the required wavelengths to
produce such excitations are governed mainly by the nanoparticle nature, size, shape, and local
environment (Encina et al, 2013).

As an important class of nanomaterials, core-shell nanoparticles (CSNPs) that integrate two
dissimilar materials with distinct functionalities have attracting more and more attention, since
they have emerged at the frontier between materials chemistry and many other fields, such as
biomedical, optics, catalysis and security purpose. Because core-shell NPs enable the
synergistic coupling of the two constituents, they could offer the modified properties by
changing either the constituting materials or the core to shell ratio. Therefore, this
nanostructure can meet the diverse application requirements. Among various core-shell NPs,
magnetic/semiconductor hybrid NPs have been studied as they possess intriguing
magnetic/plasmonic and magnetic/catalytic properties, and they can be used in many fields,
for example optical devices, chemical reactions as magnetically recyclable catalysts, bio
imaging, targeted drug delivery. Fe;04-based magnetic hybrid NPs play an important role in
specialty chemistry, physics and material science. By varying the size of the Bi, 05 cores and
Fez0,4 shell, the optical properties of nano hybrids can be tuned in a broad spectral range.

Magnetic/plasmonic nanostructures demonstrate multiple properties not present in individual
nanomaterials. Such materials offer the advantage of being manipulated by an external
magnetic field, showing tunable optical properties being adjustable in accordance with
modifying shell thickness. Experimental and computational studies show that the higher the
magnetization in magnetic nanoparticles, the more is the suitable response toward the exposed
magnetic/electric field and the higher the effectiveness in nano medical diagnostics.
Magnetic/plasmonic core shell possess dual magnetic and plasmonic properties and have wide
spread applications in biomedical fields. The magnetic shells, such as Fe;O, are greatly
desired for applications such as magnetic separation, magnetic resonance imaging or magnetic
guided drug delivery. The BO-cores can be chemically stabilized by coating them with metal
oxides, which not only provides a chemically inert surface, but also introduces interesting
plasmonic properties which can be utilized for sensing, imaging, and photo thermal therapy
(Shankar, 2017).



The possibility of building new nanostructures by mixing FesO, and Bi,O3; nanoparticles
(NPs) opens up a wide spectrum of desirable synergistic and complementary effects. One of
the challenges is the conjunction of these two dissimilar materials in a controlled way. Thus,
great efforts have been made on synthetic routes to command the bonding of the hetero
particle. The optical resonance at a certain wavelength of light optical polarization, dielectric
function of the material and refractive of core-shell are affected by shell thickness, core size,
electronic properties of shell and surrounding environment. This response and resonance
mainly takes place at two interfaces; at outer interface between shell surface and host medium,
and inner interface between shell and core semiconductor material. Localized surface plasmon
resonance gives rise to an enhancement of electric field, localization of energy at nanometer
scale, and strongly enhanced absorption and scattering of light.

Magnetic nanoparticles with a core-shell structure promises for many applications due to
their multi functionality including optical, electronic, and magnetic properties. In particular,
these Fe304@Bi,03 core-shell NPs combine the magnetic and optical properties of Fe;O, and
Bi,O; together, exhibiting great potential in the fields of bio-related separation, ultrasensitive
detection and cellular imaging. Fe3O4 is one of the magnetic nanoparticles. Different reports
are demonstrating that magnetic Fe30,4 can be used for waste water purification, such as to
adsorb arsenite, arsenate, cadmium, nickel used to remove alkalinity and hardness,
desalination, decolourization of pulp mill effluent and removal of natural organic compounds.
After adsorption, Fe3O4 can be separated from the medium by a simple magnetic process.

Bismuth oxide (Bi,O3) is one of p-type semiconductor materials that have many excellent
physical properties. Bi,O3 can be used as sensors (Sigh et al, 2010, Bera et al, 2010, Huang et
al, 2001, Johnson et al, 2001), solid electrolyte in solid fuel cells (Sigh et al, 2010, Bera et al,
2010, Huang et al, 2001) and photocatalysts (Rakkesh et al, 2012). Owing to its unique
chemical and physical properties such as high-energy band gap, high refractive index, high
dielectric permittivity, and excellent photoconductivity, Bi,O3 has been the focus of scientific
research (Ali et al, 2016). Several methods including sol-gel, flame spray pyrolysis, micro
emulsion, hydrothermal, metal organic chemical vapour deposition process, vapour phase
deposition technique, electro spinning technique, microwave-assisted heating method have
been successfully used for the fabrication of Bi,O3 with different morphology. Bi,O3; needles
have been prepared using Bi(NOgz); as the precursor and NaOH as a precipitating agent under
a required thermal treatment of 450°C for 4h (Subramanian). As reported in (Liu et al, 2013),
a low-temperature synthesizing of a-phase Bi,O3; at 60°C and the products exhibit a flower-
like architecture structure assembled by Bi,O3 micro-rods. Rod-like a-Bi;O3 and tetrahedral y-
Bi,O3 particles have been controlled fabricated by a facile solution crystallization method (Liu
et al, 2015). Using different surfactants such as oleic acid (Johnson et al, 2001),
dodecylbenzene sulfonate (Liu et al, 2017), sodium ethylene glycol (Kalele et al, 2006), and
polyethylene glycol (Chavez et al, 2016), other researchers have controlled the morphologies



of Bi,O3 crystals with needle-like, flower-like or tetrahedral morphologies successfully. The
researchers have discussed the important effect of above surfactants on the morphology of
Bi,O3 products in detail. As far as we know, there are no reports about controlling the
morphology of Bi,O3; products by heating ways. This letter aims to investigate the effect of
Bi,O3 morphology through different ways of heating by a low-temperature liquid phase
method. The Bi,O3; powders attained at 90°C possess a perfect tetrahedral and platelet shapes
with a band gap of 3.0 eV. With their novel morphology and high-energy band gap, Bi,O3
powders have the potential to be applied to ultraviolet visible-light-driven photo catalyst for
environmental cleanup and optoelectric devices for solar energy conversion to electricity.

Bismuth oxide (Bi»O3) is an important wide band gap semiconductor with four main
crystallographic polymorphs denoted as a-, -, y-, and -Bi,O3 (Singh et al, 2010). Of these
polymorphs, o- and 8-Bi,O3 are p-type semiconductors, whereas B-Bi,O3; is an n-type
semiconductor. Owing to its unique physical properties, such as a large energy band gap, high
refractive index, dielectric permittivity and high oxygen conductivity, as well as its remarkable
photoconductivity and photoluminescence (Bera et al, 2010, Huang et al, 2001, Johnson et al,
2001), Bi,O3 has been studied extensively for a range of applications, such as gas sensors,
photovoltaic cells, optical coatings, fuel cells, supercapacitors and photocatalysts (Singh et al,
2010, Rakkesh et al, 2012). Regarding gas sensor applications, one-dimensional (1D)
nanostructures are expected to show a considerably enhanced performance because of their
ultra-high surface-to-volume ratios and Debye length comparable to their dimensions, which
makes their electrical properties extremely sensitive to surface-adsorbed species. Bismuth
oxide 1D nanostructures have been prepared using a range of techniques such as metal—
organic chemical vapor deposition, chemical methods (Ali et al, 2016), oxidative metal vapor
transport deposition techniques (Subramanian et al, 2003), solution chemical methods (Liu et
al, 2013), and stress-induced methods (Liu et al, 2015). On the other hand, the use of the
vapor-liquid-solid (VLS) method to synthesize Bi,O3; 1D nanostructures, has not been
reported, despite it being most successful in generating 1D nanostructures with single
crystalline structures and in relatively large quantities (Liu et al, 2017).

Fe30,4 nanoparticles have good electron affinity with outstanding magnetic and electronic
properties. Such electronic properties enable them to be used in catalytic applications as
magnetic catalyzers (Kurnaz et al). Iron oxide nanoparticles exhibit super paramagnetic and
ferromagnetic properties; the magnetic characteristics of the nanoparticles may alter
depending on their size. Iron oxide nanoparticles may find applications in different fields such
as water purifications, catalysis, bio labeling, etc. Such magnetic properties help Fe304
nanoparticles to be used in magnetic resonance imaging (MRI) applications (Aslan et al). It
was previously reported that Fe304 nanoparticles can be used as magnetic resonance imaging
contrast agent. It was also evidenced in the literature that Fe304 nanoparticles can be used in
magnetic hyperthermia applications. Fe3O, nanoparticles are response to externally applied
magnetic field. Application of the magnetic field in altering ways vibrates the nanoparticles.



Then, the temperature of the nanoparticles starts to increase. Increased temperature is able to
kill the cancerous tissues around them. In the imaging process, MRI device continuously
applies magnetic field to the region where imaging is performed. Applications of Fe304
nanoparticles before imaging both help to enhance the contrast of the MR image and can
increase the temperature of the imaging region. Hence, increased temperature diminishes
and/or Kills the cancerous tissues in the area where MR imaging is performed. The material
which can simultaneously be used in diagnostic and therapeutic applications is called
theranostic material. In this regard, Fe304 nanoparticles have potential to be used in
theranostic applications where both therapeutic and diagnostic (imaging) properties of the
nanoparticles can be used simultaneously. Various parameters can measure the theranostic
performance of the theranostic properties of the materials. For example, size can be an
important factor, since change in the materials size can alter the magnetic characteristics of the
materials. The changing in the magnetic performance can alter the magnetic hyperthermia
properties and/or MRI weighting properties where augmented or decreased hyperthermia or
contrast enhancement performance can be seen (Aslan et al).



Chapter Three

3. Material and Method

3.1 Numerical Method

Consider a spherical core-shell nanocomposite consisting of a semiconductor core of dielectric
function (DF) €; and magnetic material shell of DF £, embedded in a dielectric host matrix, as
shown in Fig. 3.1 The host medium is assumed to be isotropic and non-absorbing with
dielectric constant &,. The parameters r; and r, are the radii of the core and core-shell
composite, respectively. When an electromagnetic wave is incident on the core-shell
nanocomposite, electric field is induced in the system due to polarization. For NPs of sizes
(diameter = 2r, ) much smaller than the wavelength of the incident light, the distribution of the
electrostatic potential associated with the induced field can be obtained by solving the Laplace
equation, V2® = 0.

FIG. 3.1: The schematic diagram of a core-shell spherical nano inclusion embedded in
host medium.

Suppose a uniform, static electromagnetic field polarized along the z-axis is applied on the
spherical core-shell NP embedded in non-absorptive a host matrix. If the center of the NP is
assumed to coincide with the origin of a spherical co-ordinate system, then the distribution of
the potentials in the system may be found to be,

&, (r,0) = Ayrcosf, r<mn (3.1)
b, (r,0) = (Azr + %) cos0, n<r<n (3.2)
d;(r,0) = (A3r + f—;) cos0, r>n (3.3)



where @, @, and @5 are the potentials in the dielectric core, shell material, and host matrix,
respectively, A5 is a quantity associated with the external applied field, r is the distance from
the center of the nanocomposite, 6 is the zenith angle, and the coefficients A,, A,, B;, B, are
constants to be determined by using the appropriate boundary conditions at the interfaces.

It is worthwhile to note that the second term on the right-side of Eq. (3.3) represents the
induced potential outside the core-shell nanocomposite. The optical properties of the system
may readily described by the induced field out-side the concentric spheres. Consequently, it is
suffice to determine the value of the coefficient B,. Imposing the relevant boundary conditions
in Egs. (3.1) - (3.3), we obtain the following relation:

B,
(€1 + 282) (€2 — €p) + vp (€1 — €5)(28; + €p) 3

= 3T2 . (3.4)
(€1 + 2€5)(E; + 2€) + 2v5 (€1 — €2)(E; — €p)

In view of Eq. (3.3), the induced potential outside the concentric spheres is then given by

B
Ping = (2) cosh. (3.5)
Moreover, employing the dipole approximation, induced potential may also be expressed as (Ali
et al,2016)
0
Ping = %J (3.6)

where p is the magnitude of the electric dipole moment of the system. In view of Egs. (3.5) and
(3.6), the dipole moment becomes

p = 4n€&yB, = €, aA;, (3.7)
where « is the polarizability of the composite given by

— 4 (€1 +28)(E; — €x) + vp (& — €5)(2E; + &) 3
(€1 + 28,)(E; + 2€p) + 2v,(§; — €,)(E, — €)%

a (3.8)
Further, the polarizability of an equivalent sphere of effective DF €, embedded in a host
matrix of DF €; can be expressed in form of the Clausius-Mossotti relation (Subramanian et
al, 2003). That is,

€ —¢€n

a = 4nr3
€r

~Sn 3.9
+ 2€, (3.9)

Equating Egs. (3.8) and (3.9), we get the effective DF of the core-shell spherical inclusion to
be



&€ = . 3.10
=R T 28 — (8 — By (310)
Introducing the volume fraction g of a spherical core-shell nanostructure by
1 3
ﬁ=1—vf=1—(5), (3.11)
the effective DF of Eq. (3.10), may be rewritten as
€ =€ £1B/p~2)+28; (3.12)

- 2 81+82(3/ﬁ—1)17f.

Next, we consider an ensemble where identical spherical core-shell NPs (nano inclusions) are
homogeneously dispersed in a continuous host matrix of DF, €,. The polarizability and
effective permittivity of the system may be described by using the Clausius-Mossotti relation
together with the Maxwell-Garnet mixing theory. If N denotes the density number of the
inclusions in the system, then the polarizability expressed in terms of the permittivity becomes
(Huang et al, 2001).

Na _ Zerr=fn (3.13)
3 Seff+28h’ )

where E.¢; is the effective permittivity and « is the polarizability defined by Eg. (3.9). In

addition, Eq. (3.9) may conveniently be rewritten as a= 4mr;1], where I] is the dimensionless
polarizability defined by

Nn=-tn (3.14)

T og+28,”

Substituting Eq. (3.12) into (3.14) and rearranging, we find that

B 3 8283(%—1)+€1€h
N= 1-3 €§+€1€2(%—1)+€2€h(%—1)+€1€h ' (3.15)

Furthermore, the effective permittivity of the ensemble may be obtained by substituting Egs.
(3.9) and (3.14) into Eq. (3.13). That is,
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_ 1+280
Eerr = En 1_m) (3.16)

Here, & is the filling factor of the inclusions given by

3
§=NTZ, (3.17)
It is worthwhile to note that Eqgs. (3.15) and (3.16) are general expressions for any two-
layered spherical core-shell nanocomposite that are embedded in a dielectrics host matrix,
regardless of whether the core-shell composites are metals, magnetic material,

semiconductors, dielectrics or a combination of different more than two dissimilar materials.

The dielectric function (DF) of the Fe3O4 shell is chosen to be the modified Drude form that
takes into account its nano-size. That is,

2

€ =€ Do 3.18
{O = e Gy (19

where €, is the permittivity at high frequencies, wy is the plasma frequency, I"(le) is the size
dependent electron collision frequency, and w is the frequency of the incident radiation. The
size dependent damping parameter for shell can be expressed as (Serhan et al, 2019, Shivola,
2000, Arkhipova et al, 2015)

143

F(le) = FO +A
le

(3.19)

where I; = 1.06 x 10** rad/s is the bulk damping constant which is associated with
dissipative losses, vz = 1.39 x 10° m/s is the velocity of electrons at the Fermi level, and A is
a constant that accounts for the details of the electron scattering processes at the interfaces
(Serhan et al, 2019, Shivola, 2000, Arkhipova et al, 2015). The quantity [, is the electrons
effective mean free path, which for a spherical NP of core radius r; and core/shell radius r; is
given by

=20 -

Further, separating Eq. (3.18) into real and imaginary, we have

11



€2(w) = € (w) +i€";(w) (3.21)

Where
, 1 " 1
82: Ew—m and € 2 = m (322)
With

zZ=w/w, and p=T(,)/ w,

Polarizability

Since the permittivity (€;) is complex, the electric polarizability is also a complex function of
the frequency w. That is,

N=n+im" (3.23)

where 1" is the real part and 11" is the imaginary part. Substituting Eq. (3.23) into (3.15), we
obtain

;L 3|(E241 + €1Ep)y + (E"24,)6
N —1—§l 7+ 52 (3.24)
And

g3 (€201 + €1€,)6 — (E",A)y
Where

3
A= €, <E - 1),
Y = (€)% = (€")* + €50, + €.,
6 = 28128”2 + 8”2A2,

3
Azz Al + 81 (ﬁ_ 1)

12



Refractive Index

The response of a composite to an incident electromagnetic wave may be described by a
complex refractive index (77), which for a nonmagnetic medium is defined by

Where €,.r = € rr +1 E".¢f is the complex effective DF of the composite. Introducing the
real (n) and imaginary parts (k), i may be written as

n=n+ik (3.27)
Further, manipulating Eq. (3.26) together with €., , we find that

fi2 = n? — k* + 2ikn = € 55 + 1€ ;¢ (3.28)
Hence, the real and imaginary parts of the refractive index, respectively, take the form:

1 12 12 1/2 ! 1/2
n=—r [(e e+ E€%py) P HE eff] (3.29)

1 12 "2 1/2 4 1/2
ke = NG [(E err +€%y) P € eff] (3.30)
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3.2 Experimental Method

3.2.1 Synthesis of Fe304 nanosheets

To the synthesis of Fe;04 nanostructures, 3.97 g (0.2 M) of FeCl,-4H,0 and 2.78 g (0.1 M)
of FeSO,4-7H,0 was added to 100 mL of deionized water under continuous stirring for 60 min
to attain even dispersion. The pH value was adjust to 6.8 by using 1 M of NaOH. The solution
was kept on a hot plate at 80 °C for 12 h. The final product was centrifuge and clean with
deionized water and ethanol five times, then it dried at 80 °C in a hot air oven.

-

FIG. 3.2: The synthesized Fe30O4 Nanoparticles

3.2.2 Synthesis of Bi,O3 Nanoparticles

To prepare bismuth oxide nanoparticles, 2 g of bismuth nitrate (Merck KGaA, Germany)
was dissolved in the 10 mL of deionized distilled water and continuously stirred at 90 °C. In
the green synthesis, we wash herb (koseret) very well with tap water to remove waste
particles. In this, 10g Bitter Clarifying (Lemon bush) herb powder was added to 100ml of
distilled water and then boiled at 900C for 2hours, after it cool it was filtered by filter paper,
and then we added 20 mL of aqueous Bitter Clarifying (Lemon bush) herb extract at 90 °C
under constant stirring for 24 h. Bi,O3 NPs was prepared after 24 h at 90 °C . Then, we
washed the product five times with double distilled water, and dried in a vacuum. Finally the
product was heated at 550 °C in a furnace and static atmosphere of air for 5 h to ensure the
removal of impurities.

14



FIG. 3.3: The synthesized Bi,O3 Nanoparticles
3.2.3 Synthesis of Fe;0,-Bi,O3 Nanocomposite

To prepare the Fe;04-Bi,O3 nanocomposite, equal weight ratios of Fe;O, and Bi,O3
nanostructures was added to 10 mL of deionized water under continuous ultrasonication for 3

h. The final solution was centrifuge and clean with deionized water and ethanol five times,
after which it was dried in a hot air oven at 80 °C for 12 h.

FIG. 3.4: The synthesized Fe;04-Bi,O; Nanocomposite
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Chapter Four
Result and Discussion

4.1 Numerical Analysis

For numerical evaluation, we considered an ensemble that consists of spherical FesO; @
Bi,O3 core-shell quantum dots distressed in sodium dichromate (€,= 2.9). In the frequency
domain of interest, we assumed that the DF of the Bi,O3; core to be a real constant that is
independent of frequency (€;= 3.5). In addition, the DF of the Fe3O4 shell is chosen to be the
modified Drude form that takes into account its nano-size. In this, we analyzed polarizability,
refractive index and optical absorbance by varying the concentration of core and shell.

4.1.1 Polarizability

As we stated above, the permittivity (€,) is complex, the electric polarizability is also must be
a complex function of the frequency w. Using the above equations (3.24) and (3.25), we
ploted the polarizability of the material.

Below, the real and imaginary parts of the polarizability of the Fe30,@ Bi,O3 core-shell NPs
embedded in sodium dichromate are analyzed using Egs. (4.7) and (4.8). The parameter values
used for the numerical simulations are: € = 3.5, €,= 8.94, w, = 1.375x10'° rad/s , y, =

1.06x10* rad/s, vy = 1.39x10° m/s, and A = 1

Figure 4.1, depicts the real part of the polarizability of the nano inclusions as a function of the
wavelength of the incident radiation for different values of volume fraction, . It is observed
that the real part of the polarizability has two sets of resonances in the visible spectral region
around A = 430 nm and in near infrared spectral region above A = 560 nm. The two sets of
resonance peaks occur as a result of the surface plasmon resonances of Ferric oxide at the
inner and outer interfaces. Due to the abundance of free carriers within the Ferric oxide shell,
the set of the second resonance peaks are more pronounced than the first peaks. Moreover,
when the value of B is increased, which may be realized either by decreasing the size of the
core or increasing the thickness of the shell, the two resonances become closer and closer to
each other indicating that the real part of the polarizability is dominated by that of the
magnetic shell material.
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The imaginary part of the polarizability of the nanoinclusions as a function of wavelength for
different value of p is depicted in Fig. 4.2. The anomalies property is takes place at the
Similar to the previous case, two sets of resonance peaks are observed in the
visible region and near infrared spectral region above A = 550 nm. In particular, for § = 0.875,
the first peak is located in the visible region at the wavelength A = 430 nm, whereas the second
resonance peak is at A = 550 nm in infrared region. From Figs. 4.1 and 4.2, we observed that

interfaces.
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the scattering of electrons at the interface is maxima from shell surface.
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To the dielectrics Bi,O3 and also transmission of electrons in the Fe3O,4 is maximum when the
shell thickness is increased. Moreover, the proposed theoretical model derived via
polarization in an external electric field may be valuable in controlling and designing highly
absorbing electrostatic resonance and emission from nanosphere arrays particularly for hybrid
photovoltaic applications. In light of the present model, we suggest that spherical core-shell
nanostructure could be the optimal geometrical configuration in order to enhance optical
absorbance.

4.1.2 Refractive Index

The response of a medium to an incident electromagnetic wave may be described by a
complex refractive index (7), which for a nonmagnetic medium is defined by eq. (3.26).

Below, the real and imaginary parts of the refractive index of an ensemble consisting spherical
Fe;0,@ Bi,03 core-shell nano inclusions embedded in sodium dichromate are analyzed using
Egs. (4.12) and (4.13) with €.¢, given by Eq. (3.16). The parameter values used for the

numerical evaluations are the same as that used for polarizability.

Figure 4.3, shows the real part of refractive index as a function of wavelength of the incident
light for a fixed value of the filling factor & = 0.001 and five different values of . The graph
shows that the refractive index varies between 1.682 and 1.728 and possesses two sets of
resonances corresponding to two anomalous dispersion regions; the first set in the visible
region around 430 nm and the second peaks in the infrared region between 550—730 nm. The
peaks show slight blue shifts in the first peak region and red shifts in the second peak region
when the volume fraction, g, is increased. In addition, when £ increases the two resonance
peaks gets closer and closer to each other, and eventually merge for g = 1.

(a B1=0.875
c 1 |= B2=0.834
P | |a p3=0.784
E a f4=0.725
2 1 |a B5=0.657
£ a f36 = 0.578

400 450 500 550 600 650 700 750
Wavelength (nm)
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FIG. 4.3: The real part of the refractive index for fixed filling factor & = 0.001.

Furthermore, we analyzed the effect of varying the filling factor, &, on the real part of the
refractive index, as shown in Fig. 4.4. It is observed that the refractive index in the vicinity of
the two resonances progressively increases as & increases from 0.001 to 0.011 in steps of
0.002. However, the peaks position remains almost constant independent of the values of &.
The result suggests that light propagates in the ensemble more readily when the concentration
(&) of the nano inclusions is small. Hence, as Fig. 4.4 depicts, the refractive index near the
resonances can be tuned by changing the filling factor (§), the shell thickness, and the density

of the packed nano sphere arrays, which can play a great role in applying the core-shell
structure in sensors.

2.0F ' ' ' ' T ' B
1 [= §1=0.001

o 1.9¢ ]
g = §2=0.003
% 18} & = £3=0.005
| 1 [m §4=0.007
E = §5=0.009
_f 1.6 1 |= £6=0.011

= 1s) ]

400 450 500 550 600 650 700 750
Wavelength (nm)

FIG. 4.4: The real part of the refractive index obtained for g = 0.875 and different
values of &.

The imaginary part of the refractive index, shown in Fig. 4.5, has two resonances for the two
anomaly dispersions of the system. When the volume fractions of the concentric spheres are
nearly unity, the imaginary part of the refractive index in the 550 nm region is maximum. The
positions and values of the maxima strongly depend on S (with the other parameters kept
constant). In particular, for § > 0.75; the second maxima are about one-half smaller than the
first one and the peaks are almost constant independent of f. In addition to the volume
fraction, this phenomena can occur if the electric fields are comparable with the inner atomic
fields. When B is increased, the peaks in the first region and second regions show blue shift
and red shift, respectively.
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FIG. 4.5: The imaginary part of the refractive index of the spherical inclusion
for fixed filling factor, £ = 0.001.

4.1.3 Optical Absorbance

The spherical inclusions in the ensemble are polarizable, with field-induced dipoles, due to the
interaction of the dipole moments with the applied uniform electric field. In our case, the
incident field is assumed to be polarizable along the z-axis, and hence may be expressed as
E = E,elie@z=cti/c] \where Ey is the amplitude of the field, 7 is the complex refractive index,
and c is the speed of light in vacuum. Because of the presence of the term e(~¥©Z/)  the wave
decays as it propagates in the composite nanostructure. An incident light, in general,
propagating in a medium is attenuated both by absorption and scattering (Serhan et al, 2019,
Shivola, 2000, Arkhipova et al, 2015). However, for NPs that are much smaller than the
wavelength of light, scattering effects may be neglected so that only the absorption contributes
significantly to the attenuation. The intensity (I) of the propagating wave is related to the
electric field by | ~ |E]%. Generally, as the wave traverses in the medium, the intensity is
attenuated as :

[ =le (4.1)

Where I, is the intensity at z = 0 and « is the absorption coefficient defined by

o = 2o _ k. (4.2)
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where 1 = 2mc/w is the wavelength of the incident radiation and k is the imaginary part of the
refractive index. The typical length of light propagation in a material medium is represented
by the absorption length I, which is defined by | = 1/a. The quantity in the exponent of Eqg.
(4.14) is the absorbance (A) which may generally be expressed as A = In(lo/ly) = ta, where I is
the intensity at z = t. Thus, for the Fe30,@ Bi,O3 nanocomposites, the absorbance at the inner
interface is given by:

2kw 4tk
A(z‘) = TtFe304 = _tF6304’ (4'3)

A
where tg,,0, =1, — 11 is the thickness of the Fe, 05 shell. Figure 4.6 depicts the absorbance
of the spherical Fe3sO4@Bi,03 nano inclusions as a function of wavelength for & = 0.001 and
different values of  (Or tge,0,); While the core-shell radius (20 nm) is kept constant. It shows
two sets of absorption peaks: the first and the second are in the visible and near infrared
spectral regions, respectively.

0 [« p1=0.875
= o 1lm B2=10.834
g = B3=0.784
S o 1|a pa=0.725
£ 0.004 {]= B5=10.657
z u 36 =0.578

0.002 { —
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400 450 500 550 600 650 700 750
Wavelength (nm)

FIG. 4.6: The optical absorbance of the nano inclusions obtained for different shell

thickness and fixed &= 0.001.

It is observed that when the shell thickness is increased from tg,,o, = 5—10 nm, the resonance
peaks located in the vicinity of 430 nm are enhanced and slightly blue shifted. These
resonances may be attributed to near band edge absorption (NBA) due to free exciton
recombination. Decreasing the size of the Bi,O3; core (or increasing tge,o,) moved the
absorption edge in the visible (430 nm) spectral region towards high wavelengths (red shift).
The shift of the absorption edge is attributed to the change in the energy gap of the
nanoparticles. It means that since the band gap of nanostructure semiconductors is increased
with a decrease of their size, the so-called quantum size effect, it leads to the shift of the
absorption edge towards high energy (blue shift). For a single Bi,O3 NP, absorption peaks
originate due to the interaction between electrons in the valance band and incoming photons,
which lead to the excitation of these electrons to the conduction band.
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The second resonance peaks located above 550 nm are in the visible spectral region. The
absorption is still enhanced when the thickness of the shell is increased. These resonance
peaks are due to deep level emissions (DLE) which are attributed to the surface plasmon
resonance of ferric oxide nano shell. Such absorptions in the infrared spectral region in Bi,O3
has been frequently ascribed to several intrinsic and extrinsic effects. The DLE or blue
radiation is due to electron recombination in oxygen vacancy (Vo) with a hole in the valance
band. The absorption becomes stronger as the thickness of the ferric oxide shell increases from
5 — 10 nm. On the other hand, the resonance peaks show a red shift with an increase in shell
thickness, while the broadening of the absorption spectra is observed when the thickness of the
shell is decreased (Serhan et al, 2019, Shivola, 2000, Arkhipova et al, 2015). This broadening
of the spectra is caused because of the incorporation of the NPs size effect in our analysis via
Eq. (4.2).

It may be concluded that the direct contact between quantum dots of Bi,O3 and Fe;0, NPs
can lead to interfacial charge transfer process that are of paramount importance in highly
relevant topics such as photo catalytic reactions and light energy conversion, via the
application of the core-shell nanostructure.
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4.2 Experimental Analysis
4.2.1 Experimental Result

4.2.1.1 Photoluminescence Result
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FIG 4.7: Pure Bi,O3zand Bi,O3 with herb PL result

As we see from the result the peak for pure Bi,O3 is obtained at 511.04nm and for Bi,O3
with Herb at 514.04nm, so there is small white light shift. The peak intensity of the two
materials is different which means with and with green extraction affects the structure of the
material. When we compare band gap also, for the pure Bi,O3 we obtain Eg =2.43eV and for
Bi,O3 with Herb we obtain Eg = 2.41eV. This indicates that when we use Herb with Bi,O3 the
Eg decreases, so the conductivity of Bi,O3; increases. From this result, in addition cost
effective, environmental friendly and reduce chemical consumption, green synthesis route can
change the morphology and properties of the material.
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FIG 4.8: Bi,03-Fe304 nano composite without Herb and Bi,O3-Fe3O4 with Herb
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As we see from the above graph the peak for Bi,O3-FesO4 without Herb is obtained at
532.94nm and for Bi,Os-Fe;04 with Herb at 425nm, so there is a blue light shift. When we
compare band gap energy for Bi203-Fe304 without Herb we obtain 2.33eV and for Bi,O3-
FesO, with Herb we obtain 2.32 eV. This indicates that the conductivity of Bi,Os-Fe3O4
increases when we use herb, the conductivity of Bi,O3-Fe3O,4 with Herb is greater than Bi,Os-
FesO,4 without Herb. When we compare the PL result of Bi,O3; and Bi,Os-Fe3O4, have very
related and consistency result.

4.2.2.2 XRD result

The XRD graph of pure Bi,Os, Bi,O3 with green, Fe;0,@Bi,03 (1:1), and Fe3O,@Bi,03
with green (1:1) nanostructures synthesized is given in Figure 4.8. As we seen from the XRD
diffraction patterns, the necessary peaks are appeared in both chemical and biological
synthesized samples. The peaks characteristic to the chemical synthesize Bi,O; and
Fe304@Bi,03 structures were observed are relatively weak crystalized. In green synthesis of
Bi,O3 and Fe304@Bi,03 using herb (koseret), the crystalize structure is strong which is align
with PL result. When we add green extraction solution, XRD peak intensity of Bi,Os3 is
decreased. In addition, the lack of any impurity peak in the XRD diffraction patterns in these
structures indicates that they have high crystallinity. The resulting XRD patterns were seen to
be consistent with the Bi,O3;@Fe3O4 nanostructures obtained by different methods in the
literature, but they gave better results in terms of impurity.
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FIG.4.9: XRD result graph of Bi,O3 and Fe;0,@Bi,03 .
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Conclusions and Recommendations

In summary, we studied the effect of varying the core radius and thickness of the magnetic
shell and semiconductor core on the optical response of nanocomposites consisting of
spherical Fe;0,@Bi,03 core-shell nanoinclusions embedded in sodium dichromate. The
polarizability, refractive index, and optical absorbance of the system are determined by
employing the electrostatic approximation and the Maxwell-Garnet effective medium theory.
Moreover, the DF of the Fe;0, shell is chosen to be of the modified Drude model form that
takes into account its nano-size. It is shown that for different values of the volume fraction
and filling factors &, the graphs of the real and imaginary parts of the polarizability and
refractive index of the nano composites as a function of wavelength possess two resonance
peaks in the visible region (around 430 nm) and near infrared (between 550 — 750 nm) spectral
regions. These resonance peaks correspond to the surface plasmon resonances of Fe,0 at the
Bi,Os/Fe;0, and Fe;0,/host-matrix interfaces, respectively. The resonance peaks show slight
blue shift in the visible (430 nm) region and red shift in the infrared region above 550 nm
when S or & is increased. Similarly, for a fixed core-shell radius of 20 nm, the graphs of the
optical absorbance versus wavelength for fixed £ = 0.001 and different values of shell
thicknesses (tre,0, = 5—10 nm) show also two sets of absorption peaks - in the same spectral
regions. It is observed that when the Fe;0, shell thickness increases, the two sets of resonance
peaks are enhanced; accompanied with slight blue shift in the visible (430 nm) and red shift in
the infrared spectral regions above 550 nm.

The nanocomposite of Bi,0; and Fe,05 is experimentally investigated. The composite is
studied using chemical and biological synthesis method. The green synthesis method has very
fine structure than biological synthesize one. The crystality of the material is different in both.
In the XRD result all peaks are appeared that shows the constituent of the composite. The
band gap energy and the optical absorbance of the structure is modified when we used
extracted solution. Based on the result, these materials can use for environmental remediation.

The enhancement in the optical properties is mainly attributed to strong coupling of the
surface plasmon resonance of the Fe;0, shell and the energy gap of the Bi,O; NPs in both
spectral regions. Indeed, compared with the bare Bi,05, the Fe,05 coated Bi,0; NPSs possess
improved potential device applications in the optical frequency region. The results may be
used to optimize ‘desired’ device parameters of nano composites consisting of Fe;0, @Bi,03
core-shell nanostructures that are designed for various applications such as sensors and nano-
optoelectronics devices.
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