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Abstract
In the present study, (metals (M) = Zn, Ni, Mn, and Mg) substituted copper
ferrite nanocomposite have been prepared. Four series of

nanosized metal

oxides with nominal compositions Cu1-xZnxFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8,
1.0), Cu1-xNixFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0), Cu1- xMnxFe2O4 (x = 0.0,
0.2, 0.4, 0.6, 0.8, 1.0) and Cu1-xMgxFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0), by the
co-precipitation oxalate rout method. The synthesized product has been
characterized by Powder X- ray Diffraction (XRD), Fourier Transform infrared
spectroscopy (FTIR) , Transition electron microscopy (TEM), Ultra violet (UV
visible )spectrophotometry, Energy Dispersive X-ray spectroscopy (EDX) and
Photoluminescence ( PL). The XRD analysis revealed that, the samples were
cubic ferrite with average particle size in the range 11- 13.5 nm. Lattice constant
increasing with increase concentration of metals (zinc, manganese, nickel and
magnesium) in case of Cu1-xZnxFe2O4, Cu1-xNixFe2O4, Cu1-xMnxFe2O4 and
Cu1-xMgxFe2O4 ferrites. The micrographs obtained from TEM analysis showed
that the synthesized materials have a spherical shape with an agglomeration of
the individual particles. The energy dispersive X-ray spectrometric analysis
revealed that the observed molar ratios of different components of the samples
are in close agreement with their nominal compositions. The optical band gap
values for pure copper ferrite and its doped copper ferrite nanoparticles was
found to be 3.72 -3.03 eV, respectively. PL spectra of pure copper ferrite and
doped copper ferrite nanoparticles showed blue emission at 460 nm and green
emission at 520 nm.
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الملخص العربى
لقد تم تطعيم الجسيمات النانونية ألكاسيد النحاس الحديدية ببعض العناصر ( Zn, Ni,
 ,)Mn ,Mgو تم توليف أربع حاالت من الجسيمات النانونية من أكاسيد النحاس الحديدية
المطعمة وهى عمى النحو التالي:
Cu1-xMgxFe2O4 ,Cu1-xNixFe2O4 ,Cu1-xMnxFe2O4 ,Cu1-xZnxFe2O4
حيث ان ) (x=0.0,0.2, 0.4, 0.6, 0.8 1.0و تم تحضيرها بواسطة طريقة الترسيب.
لقد تم تحميل تركيب المركبات النانونية بواسطة عدد من االجهزة منها جهاز حيود االشعة
السينية ) (XRDو جهاز طيف االشعة تحت الحمراء ) (FTIRو جهاز الميكروسكوب
اإللكتروني ) (TEMوجهاز طيف االشعة فوق البنفسجية ) (UVوجهاز طيف الوميض
البصرى ) (PLوجهاز ) .(EDXلقد كشف التحميل بواسطة ) .) XRDوقد وجد ان
متوسط حجم الجسيمات يتراوح بين  13.5-11نانوميتر ولها شكل مكعب و ان ثابث
الشبكية يزداد بزيادة تركيز العنصر المطعم .اوضحت صور الميكروسكوب اإللكتروني
) (TEMان اشكال الجسيمات النانونية لها شكل كروى  ,و قد بين تحميل ) (EDXان
النسب المولية المحسوبة نظريا لمختمف مكونات العينات تتفق تقريبا مع قيم العناصر
المكونة لتمك المواد من خالل تحميل ) ,(EDXوقد تم تعيين رقم حاجز الطاقة بواسطة
االشعة الفوق بنفسجية لتمك المواد النانونية ووجد انه  3.02- 3.92الكترون فولت وانها
تقل مع زيادة تركيز العنصر المطعم ولقد اوضح طيف ) (PLان هناك انبعاثين االول
عند  460نانوميتر والثاني عند  520نانوميتر.
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CHAPTER ONE
INTRODUCTION

1

1.1. Nanotechnology
Nowadays

scientists

introduce nanotechnology as

an interdisciplinary

technology or science that can connect some scientific fields together such as
chemistry, physics, material science and medicine [1-3]. Nanotechnology, one
of the 21st century‟s most capable technologies, is playing a critical role in
future technologies and addressing some of humanity‟s most difficult challenges
e.g. environment, health and information storage [4-6]. This new technology can
solve and answer to many questions inquired in regards to the dimension of
materials. It involves the creation of material derived from the manipulation of
particles smaller than atoms. Manipulations of these microscopic particles allow
scientists to create all kinds of products that we use on a regular basis. The two
major approaches used in nanotechnology are called “bottom-up” and “topdown”. In the "bottom-up" approach, materials and devices are built from
molecular components that assemble themselves chemically by the principles of
molecular recognition or chemical reaction. By using this method, researchers
can synthesize nanoparticles in uniform size and shape, whereas this property is
not achieved easily by the "top-down" method. In the "top-down" approach,
nanoobjects are made from larger entities with various physical techniques [7].
There are two approaches (Fig. 1.1) to the synthesis of nanomaterials and the
fabrication of nanostructures: top-down and bottom-up.

2

Fig.( 1.1) Schematic representation of the ‘bottom-up’ and ‘top-down’
approaches of nanomaterials.

Recently, nanochemists have been involved in a wide variety of nanotechnology
including the synthesis of inorganic, organic and hybrid nanomaterials for using
in nanodevices, the development of novel nano analytical techniques, the
manipulation of biological molecules such as DNA and the evolution of
molecular machines. The most studied research in chemistry already involves
the control of nanodimensional objects and the self-assembly of molecules into
larger structures. Nanomaterials are defined as substances with at least one
dimension in the size of nanometer (1 nm = 10-9 m) (Fig,1.2). One of the most
important achievements in the nanometer scale is the development of these
novel materials including their applications in a vast area due to their unique
optical, magnetic, or electrical properties. Nanoparticles exhibit unexpected,
novel and unique physical and chemical properties due to their small size and a
large surface area in comparison to the constant physical properties of bulk
material. The design and synthesis of novel nanoscale-engineered structures
with a narrow size distribution is a new scientific approach absorbing great
interests due to their unique quantum size dependent properties [8]. One of the
3

most important factors for the change in the physical and chemical properties of
these small particles is the increased fraction of the surface atoms, which occur
under special conditions (coordination number, symmetry of the local
environment, etc.) differing from their bulk material counterparts. Among the
most widely used magnetic materials, ferrite/iron oxide particles in nano regime
have been intensively pursued, not only for their special properties due to their
low cost and high performance, but also for their many technological
applications including magnetic fluids, catalysis, biotechnology/biomedicine,
magnetic resonance imaging and data storage [9- 13]. In spite of the advantages
of nanoparticles, they have also shown some limitations. Their small size and
large surface area can lead to particle agglomeration, which make physical
manipulation of nanoparticles difficult in liquid and dry forms. For example,
these small particles can result in limited drug loading and burst release in
biomedicine application. In order to overcome these practical problems, we need
to extend our research studies in this field before these nanoparticles can be used
clinically or made commercially available. This introduction focuses on the
magnetic nanoparticles, different methods of synthesis, and studied the different
properties for magnetic nano particles.

4

Fig.( 1.2) Size comparison between naturally and artificially engineered
materials.

1.2 Classification of Nanomaterials
1 - Zero-dimentional nanostructures: include single crystal, polycrystalline
and amorphous particles with all possible morphologies, such as spheres, cubes
and platelets.
2 - One-dimensional (1D) nanostructures: include whiskers, fibres or fibrils,
nanowires and nanorods. In many cases, nanotubules and nanocables are also
considered one-dimensional structures.
3 -Two-dimensional (2D) nanostructures: include Thin films, nanodisc and
nanoroll .This present in Fig. 1.3

5

Fig.( 1.3) The classification of metal containing nanoparticles by the shape

1.3 Metal oxides
Nanosized Metal oxides play a very important role in many areas of chemistry,
physics and materials science [14]. The metals are able to form a large diversity
of oxide compounds [15]. These can adopt a vast number of structural
geometries with an electronic structure that can exhibit metallic, semiconductor
or insulator character. In technological applications, oxides are used in the
fabrication of microelectronic circuits, sensors, piezoelectric devices, fuel cells,
coatings for the passivation of surfaces against corrosion, and as catalysts. In the
emerging field of nanotechnology, a goal is to make nanostructures or
nanoarrays with special properties with respect to those of bulk or single particle
species [16]. Oxide nanoparticles can exhibit unique physical and chemical
properties due to their limited size and a high surface area. Particle size is
6

expected to influence three important groups of basic properties in any material.
The first one comprises the structural characteristics, namely the lattice
symmetry and cell parameters [17]. Bulk oxides are usually robust and stable
systems with well-defined crystallographic structures. However, the growing
importance of surface free energy and stress with decreasing particle size must
be considered: changes in thermodynamic stability associate with size can
induce modification of cell parameters and/or structural transformations [18]
and in extreme cases the nanoparticle can disappear due to interactions with its
surrounding environment and a high surface free energy [19]. In order to display
mechanical or structural stability, a nanoparticle must have a low surface free
energy. As a consequence of this requirement, phases that have a low stability in
bulk materials can become very stable in nanostructures. This structural
phenomenon has been detected in TiO2, VOx, Al2O3 or MoOx oxides [20]. Sizeinduced structural distortions associated with changes in cell parameters have
been observed, for example, in nanoparticles of Al2O3, [19] NiO, [21] Fe2O3,
[22] ZrO2, [23] MoO3, [24] CeO2, [25] and Y2O3. As the particle size decreases,
the increasing number of surface and interface atoms generates stress/strain and
concomitant structural perturbations [26]. Beyond this “intrinsic” strain, there
may be also “extrinsic” strain associated with a particular synthesis method
which may be partially relieved by annealing or calcination [27]. Also, nonstoichiometry is a common phenomenon [27]. On the other hand, interactions
with the substrate on which the nanoparticles are supported can complicate the
situation and induce structural perturbations or phases not seen for the bulk state
of the oxide [28]. The second important effect of size is related to the electronic
properties of the oxide. In any material, the nanostruture produces the so-called
quantum size or confinement effects which essentially arise from the presence of
discrete, atom-like electronic states. From a solid-state point of view, these
states can be considered as being a superposition of bulk-like states with a
concomitant increase in oscillator strength [29]. Additional general electronic
7

effects of quantum confinement experimentally probed on oxides are related to
the energy shift of exciton levels and optical band gap [30]. An important factor
to consider when dealing with the electronic properties of a bulk oxide surface
are the long-range effects of the Madelung field, which are not present or
limited in a nanostructured oxide [31]. Theoretical studies for oxides show a
redistribution of charge when going from large periodic structures to small
clusters or aggregates which must be roughly considered to be relatively small
for ionic solids while significantly larger for covalent ones [32]. The degree of
ionicity or covalency in a metaloxygen bond can however strongly depend on
size in systems with partial ionic or covalent character; an increase in the ionic
component to the metal-oxygen bond in parallel to the size decreasing has been
proposed [18]. Structural and electronic properties obviously drive the physical
and chemical properties of the solid, the third group of properties influenced by
size in a simple classification. In their bulk state, many oxides have wide band
gaps and a low reactivity [33]. A decrease in the average size of an oxide
particle do in fact change the magnitude of the band gap [34] with strong
influence in the conductivity and chemical reactivity [35]. Surface properties are
a somewhat particular group included in this subject due to their importance in
chemistry. Solid-gas or solid-liquid chemical reactions can be mostly confined
to the surface and/or sub-surface regions of the solid. As above mentioned, the
two dimensional (2D) nature of surfaces has notable structural, typically a
rearrangement or reconstruction of bulk geometries, [36] and electronic, e.g.
presence of mid-gap states, [37] consequences. In the case of nanostructured
oxides, surface properties are strongly modified with respect to 2D-infinite
surfaces, producing solids with unprecedent sorption or acid/base characteristics
[38]. Furthermore, the presence of undercoordinated atoms (like corners or
edges) or O vacancies in an oxide nanoparticle should produce specific
geometrical arrangements as well as occupied electronic states located above the
valence band of the corresponding bulk material, [39] enhancing in this way the
8

chemical activity of the system [40]. The chemical and physical properties of
nanomaterials can significantly differ from those of bulk materials of same
chemical composition. The uniqueness of the structural characteristics,
energetics, response, dynamics and chemistry of nanostructures constitutes the
experimental and conceptual background for the field of nanoscience. Suitable
control of properties and response of nanostructures can lead to new devices and
technologies. The under lying themes of nanoscience and nanotechnology are
dual: first, the bottom-up approach of the self-assembly of molecular
components where each molecular or nanostructured component plugs itself into
a superstructure [41]; second, the top-down approach of miniaturization of the
components [42]. The deviation of properties of the nanosized materials from
the bulk material properties are due to surface effects which mainly depend
upon the ratio of surface area to volume and size of the particles along with the
chemical composition and interaction between particles. The increase in surface
to volume ratio, which is a gradual progression as the particle gets smaller, leads
to an increasing dominance of the behavior of atoms on the surface of particles
over that of those in the interior of particle as these atoms have lower
coordination number than the interior atoms. In addition, depending on the
geometry, different sites on the surface will be different in local coordination
number [43]. Ferrites nanoparticles are playing increasingly important roles in
biotechnology and biomedicine. They have been used as carriers for magnetic
drug targeting, as tags for biomolecular sensors, in biomolecule separation and
purification, as well as for in vivo imaging and hyperthermia treatment. As these
and other applications become more advanced, the precise control over particle
composition, stability and surface functionality is crucial. The ferrites materials
with general formula MFe2O4 have attracted so much attention due to their
various applications [44]. By adjusting and replacing different M2+cations in this
structural formula, the magnetic configurations of the spinel-type MFe2O4 can
create a wide range of superior magnetic properties [45]. Various compositions
9

of nanoferrites such as Fe3O4 [46], NiFe2O4 [47], CoFe2O4 [48], ZnFe2O4 [49],
CuFe2O4 [50] and MnFe2O4 [51].

1.4 Structure of Copper ferrite
Copper ferrite (CuFe2O4) crystallizes in two phases viz. tetragonal and cubic
depending upon the cationic distribution among tetrahedral (A) and octahedral
(B) sites. Tetragonal phase of CuFe2O4 has the inverse spinel structure. But in
cubic phase, some of the Cu+2 ions migrate from B sites to A sites forcing equal
amount of Fe+3 ions to B sites, that gives a mixture of normal and inverse spinel
structures. Hence, it corresponds to mixed spinel structure where the cationic
distribution can be represented by (CuδFe1-δ)A(Cu1-δFe1+δ)BO4, where δ is the
inversion parameter and δ = 0 and 1 stand for the inverse and normal cases
respectively. Copper ferrite is distinguished from other spinel ferrites because of
the tetragonally distorted spinel structure exhibited by them and the inability to
have a cation/oxygen ratio higher than 3/4. The structure of CuFe2O4 is thus
highly distorted because of a cooperative Jahn-Teller effect arising from the
octahedral cupric ions [53]. Part of the Cu2+ ions can be frozen in tetrahedral
sites when the ferrites are quenched in air from temperatures higher than 4000C
[52-55]. The resulting ferrites show a smaller tetragonal distortion since a great
proportion of the cupric ions are located on tetrahedral site. Annealing
treatments can modify the cationic distribution and the oxidation states of the
ions in copper ferrites. The Jahn–Teller effect is most often encountered in
octahedral complexes of the transition metals, and is very common in sixcoordinate copper(II) complexes [56]. The distortion normally takes the form of
elongating the bonds to the ligands lying along the z axis, but occasionally
occurs as a shortening of these bonds instead (the Jahn–Teller theorem does not
predict the direction of the distortion, only the presence of an unstable
geometry). When such an longation occurs, the effect is to lower the
electrostatic repulsion between the electron-pair on the Lewis basic ligand and
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any electrons in orbitals with a z component, thus lowering the energy of the
complex.

Fig. (1.4) MeFe2O4 Spinel structure

1.5 Synthesis of Nanosized Oxides
The first requirement of any novel study of nanoparticulated oxides is the
synthesis of the material. The development of systematic studies for the
synthesis of oxide nanoparticles is a current challenge and, essentially, the
corresponding preparation methods may be grouped in two main streams based
upon the liquid-solid [57] and gas-solid [58] nature of the transformations.
Liquid-solid transformations are possibly the most broadly used in order to
control morphological characterstics with certain “chemical” versatility and
usually follow a “bottom-up” approach. A number of specific methods have
been developed, among which those broadly in use are:
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1) Co-precipitation methods. This involves dissolving a salt precursor (chloride,
nitrate, etc.) in water (or other solvent) to precipitate the oxo-hydroxide form
with the help of a base. Very often, control of size and chemical homogeneity in
the case of mixed-metal oxides are difficult to achieve. However, the use of
surfactants, sonochemical methods, and high-gravity reactive precipitation
appear as novel and viable alternatives to optimize the resulting solid
morphological characteristics [59].
2) Sol-gel processing. The method prepares metal oxides via hydrolysis of
precursors, usually alcoxides in alcoholic solution, resulting in the
corresponding oxo-hydroxide. Condensation of molecules by giving off water
leads to the formation of a network of the metal hydroxide: Hydroxyl-species
undergo polymerization by condensation and form a dense porous gel.
Appropriate drying and calcinations lead to ultrafine porous oxides [60].
3) Microemulsion technique. Microemulsion or direct/inverse micelles represent
an approach based on the formation of micro/nano-reaction vessels under a
ternary mixture containing water, a surfactant and oil. Metal precursors on water
will proceed precipitation as oxo-hydroxides within the aqueous droplets,
typically leading to monodispersed materials with size limited by the surfactanthydroxide contact [61].
4) Solvothermal methods. In this case, metal complexes are decomposed
thermically either by boiling in an inert atmosphere or using an autoclave with
the help of pressure. A suitable surfactant agent is usually added to the reaction
media to control particle size growth and limit agglomeration.
5) Template/Surface derivatized methods. Template techniques are common to
some of the previous mentioned methods and use two types of tools; softtemplates (surfactants) and hard-templates (porous solids as carbon or silica).
Template- and surface-mediated nanoparticles precursors have been used to
synthesize self-assembly systems [57].
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1.6 Literature Survey
In recent years, a lot of work has been done on nano crystalline materials
because of their unusual properties compared to the properties of bulk materials.
Several research groups are involved in the investigations of spinel oxide nano
particles because of their potential applications in magnetic devices, microwave
technology and high-density magnetic recording media, etc.
Tetragonal CuFe2O4 single crystals were synthesized by spontaneous
crystallization from appropriate solutions at a high temperature by Malafaev et
al. [62]. Investigation of the resonance fields in the three main crystallographic
directions of the tetragonal CuFe2O4 were carried out on an FMR spectrometer
with direct amplification in the frequency range from 26.8 to 53 GHz and in
temperatures ranging from 77 to 700 K. The magnetocrystalline anisotropy
energy and g-factor components were determined from the temperature
dependence of the resonance fields. The dipoledipole and spin-orbit interaction
contributions to the magnetocrystalline anisotropy energy of tetragonal CuFe2O4
were investigated in details.
Mixed Copper-Cobalt ferrite nanoparticles of acicular shape were prepared by a
"

chimie douce" method using oxalic precursor by Villette et al. [63]. All the

ferrite samples studied were prepared at the same temperature, but one series
was slowly cooled (SC) from 710oC to room temperature and another quenched
(Q) from 710oC. Different cation distribution of SC and Q samples were
observed during the thermal treatment. Above 400oC, no difference appears to
subsist between SC and Q samples. The magnetic measurements on the samples
revealed very high and stable coercivity due to structural morphology.
A study of sintering behavior and electrical properties of Cu1-xZnxFe2O4 ferrites
with (x = 0.1, 0.2, 0.3), prepared by the solid state reaction technique was done
by Abbas et al. [64]. The behavior of lattice constant, grain size, sintered
density, X-ray density, porosity and resistivity has been noted as a function of
zinc concentration.
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Bhosale et al. [65] synthesized mixed Cu-Mg-Zn ferrites by coprecipitation
method. The lattice parameter decreases gradually while density increases with
the increase in Mg2+ substitution level. This variation is attributed to smaller
ionic size of Mg2+ ions. The initial permeability (μi) is found to be affected with
magnetization (MS) and particle size of (D) samples. The μi decreased with
increasing Mg2+ content due to a lower value of the anisotropy constant (Ki) for
MgFe2O4 than that for CuFe2O4.
Determination of magnetic properties and Y-K angles in Cu1-xZnxFe2O4 ferrites
prepared by conventional solid state technique with (x = 0.00, 0.25, 0.50, 0.75,
1.00), were done by Rana et al. [66]. The behavior of Exchange integral,
Paramagnetic

Curie

temperature,

transition

temperature,

saturation

magnetization, magnetic moment, Curie temperature, and Y-K angles were also
examined.
Islam et al. [67] studied the effect of copper substitution in place of nickel in
Ni1-xCuxFe2O4 ferrites (x = 0.0, 0.25, 0.50, 0.75, 1.0), prepared by standard
ceramic method. They measured lattice constant, mass density, X-ray density,
porosity, resistivity, activation energy and drift mobility. It was noted that lattice
constant, porosity, resistivity and activation energy decreased whereas mass
density, X-ray density, and drift mobility increased with the rise in copper
concentration.
The effect of Zn substitution on microstructure and magnetic properties of Cu 1xZnxFe2O4

ferrites prepared by the conventional solid state technique with (x =

0.00, 0.25, 0.50, 0.75, 1.00), was narrated by Rana et al. [68]. It was noted that
sintered density increased whereas X-ray density and porosity both decreased
with the increase in Zn concentration. The change in saturation magnetization,
Curie temperature, coercivity and grain size was also reported.
Lattice parameter, X-ray density, scanning electron micrographs, Porosity,
compressive strength, saturation magnetization, resistivity, real part of initial
permeability and loss factor were studied by Hoque et al. [69] for Ni1-xCuxFe2O4
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ferrites prepared by standard solid state reaction technique in the range of 0 ≤ x
≤ 1.0 and the step increment of 0.1. From the results, it was concluded that
lattice parameter, X-ray density and grain size increased whereas compressive
strength and resistivity decreased with the substitution of copper in place of
nickel.
Islam et al. [70] stated lattice constant, room temperature resistivity, activation
energy, sintered density, X-ray density, porosity and Seebeck coefficient of
Cu1- xCdxFe2O4 ferrites prepared using the conventional solid state ceramic
method for 0.0 ≤ x ≤ 1.0 with the step increment of 0.1. The lattice constant and
X-ray density increased with the increase in cadmium concentration. The
behavior of other factors was also discussed with the substitution of cadmium in
place of copper.
Mangalaraja et al. [71] prepared Ni0.8Zn0.2Fe2O4 ferrites by microwave-assisted
flash combustion technique at sintering temperature of 1150oC, 1250oC and
1350oC. He measured saturation magnetization, coercivity, remanent flux
density, maximum flux density, dc electrical resistivity, activation energy,
sintered density, porosity, grain size, ac resistivity, dielectric constant and
dielectric loss factor for the sintered samples. It was noted that sintered density,
grain size, saturation magnetization, remanent flux density and maximum flux
density increased whereas coercivity, activation energy and porosity decreased
with the rise in sintering temperature.
Qi

et

al.

[72]

prepared

Mn

substituted

Mg-Cu-Zn

ferrites

(Mg0.2Cu0.2Zn0.6O)(Fe2-xMnxO3)0.97 (x = 0.00-0.07) using nanosized precursor
powders synthesized by a sol-gel method. It has been observed that Mg-Cu-Zn
ferrites doped with Mn possess higher initial permeability and better grain
structure than that of Ni-Cu-Zn ferrites prepared by the same method could be
ideal materials for high inductance multilayer chip inductor. The variation of
initial permeability of Mg-Cu-Zn ferrites with the Mn substitution might be
attributed to the decrease of magnetostriction constant.
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Gomes et al. studied the crystallographic structure analysis of the nano-sized
copper ferrite by XRD and XAFS measurement [73]. The CuFe2O4 standard
sample was prepared by co-precipitation method. The XRD analysis was
performed to confirm the formation of single phase copper ferrite nano particles
and Rietveld refinement to determine the lattice parameters, the oxygen
position, the mean size of the nanomaterial.
Muhammad et al. [74] prepared the Cu1−xZnxFe2O4 ferrites for x =(0.0 , 0.2 ,0.4
,0.6 ,0.8 and 1.0) by the standard solid-state technique. The obtained nano
ferrites are characterized by X- rays diffraction (XRD), scanning electron
microscope (SEM), energy dispersive spectroscopy (EDS) and vibrating sample
magnetometer (VSM). He found that the Lattice parameters „a‟ increased from
°

8.370 to 8.520A .
CuFe2O4 nanofibers were synthesized by electrospinning using a solution that
contained poly (vinyl pyrrolidone) and cheap Cu and Fe nitrates as metal
sources by Ponhan et al. [75]. The crystal structure and morphology of the
nanofibers were influenced by the calcination temperature as revealed by XRD
and SEM study. The formation of tetragonal structure of the calcined CuFe2O4
samples was further supported by FT-IR spectra. It was found that the increase
of Saturation magnetization (Ms) is consistent with the enhancement of
crystallinity, and the values of Ms for the CuFe2O4 samples were observed to
increase with increasing crystallite size.
The structural, magnetic and microstructural properties of Cu1−xZnxFe2O4
ferrites were investigated by Hankare et al. [76]. The phase formation of the
sample was confirmed by X-ray diffraction and the surface morphology, grain
size of sintered powders were studied by scanning electron microscopy. The
grain size of all samples was calculated by Cottrell‟s method while elemental
contents were determined using an energy dispersive X-ray spectroscopy
(EDAX). Magnetic hysteresis measurements indicated that, all the compositions
are ferromagnetic in nature and the saturation magnetization increases with Zn
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content up to x = 0.5 and then it decreases due to Yafet and Kittel spin
arrangement on the B-site.
The nano-crystalline Cu-ferrite samples were prepared by a combustion route
varying the preparation temperature to tune the magneting properties by Deraz
et al. [77]. The magnetic properties of the ferrite samples were strongly affected
by the glicine to nitrate (G/N) ratio as a consequence of the gradual increase in
the crystallinity and particle size. The magnetization values of the samples were
found to increase with the increase of the particle sizes.
Patil et al. [78] reported the synthesis of spinel MgFe2O4 ferrites by a simple,
inexpensive combustion method and applied as a gas sensor for reducing gases
(LPG, Acetone, Ethanol, Ammonia). The reducing gas sensing properties as a
function of structural and surface morphological properties has been studied.
The structural and morphological features were analyzed by X-ray diffraction
and scanning electron microscopy, respectively. The porous morphology
revealed by SEM analysis owed to decrease with the grain growth by an
increase in sintering temperature.
Mounkachi et al. [79] prepared the Mg0.6Cu0.4Fe2O4 ferrites using the solid-state
reaction technique. The structural properties have been studied using X-ray
diffraction analysis. While magnetic measurements were carried out using mean
field theory and high-temperature series expansions (HTSE), extrapolated with
the padé approximants method. The Mössbauer data were dealt to compute
nearest neighbor super-exchange interactions for intra- and inter-site using the
probability approach. The obtained experimental results are in good agreement
with the theoretical ones obtained by the magnetic measurements.
Chen et al. [80] synthesized the Mg-ferrite nanoparticles with high saturation
magnetization using microwave assisted ball milling process. The as-milled
materials were characterized by X-ray diffraction, transmission electron
microscopy and vibrating sample magnetometer. The obtained results revealed
that the average size and the saturation magnetization of Mg-ferrite
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nanoparticles were 30 nm and 43.40 emu/g, respectively. Preparation and
magnetic properties of nano size nickel ferrite particles by Nejati et al. [81] was
synthesized by hydrothermal method , the samples prepared characterized by
X-ray diffraction (XRD) , transmission electron microscopy (TEM), vibrating
sample magnetometer (VSM) Fourier transform infrared spectroscopy (FT-IR),
and inductively coupled plasma atomic emission spectrometer (ICP-AES)
techniques . and it was found the average particle size 50 -60 nm , The FT-IR
results show two absorption bands near to 603 and 490 cm-1 for the tetrahedral
and octahedral sites respectively. Saturated magnetization and coercivity of
NiFe2O4 nanoparticles were in the range of 39.60 emu/g and 15.67 Qe.
Kumar et al. [82]

studied Structural and Magnetic Properties of Copper

Substituted Nickel Ferrites, synthesis of Ni1–xCuxFe2O4 (x = 0.0, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0) by sol-gel method the samples prepared
characterized by X-ray diffraction (XRD), scanning electron microscope (SEM)
and vibrating sample magnetometer (VSM). it was found the particle size more
than 100nm.

The lattice parameters are found to increase with increasing

doping concentration of the copper content. Magnetization results exhibit a noncollinear ferrimagnetic structure for x = 0.0 to 0.5 and Neel‟s collinear
ferrimagnetic structure for x = 0.5 to 0.9 suggesting a change in magnetic
ordering.
Synthesis and Characterization of copper substituted nickel nano-ferrites studied
by Sridhar et al. [83] Ni1−xCuxFe2O4 (where x = 0, 0.2, 0.4, 0.6, 0.8, 0.9 and 1.0)
Synthesied by citrate gel technique. The crystal structure characterization and
morphology were investigated by X-ray diffraction (XRD) , Scanning electron
microscopy (SEM) and energy dispersive X-ray Spectroscopy (EDS) ,he
observed the average particle size 36-49nm with cubic structure, Lattice
parameter, X-ray density, volume of the unit cell and the values of the hopping
length for octahedral (dB) and tetrahedral (dA) sites were calculated.
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Synthesis and Characterization of Manganese-copper Spinel Ferrite Powders
studied by Gang et al [84] synthesized Magnetic Mn1–xCuxFe2O4(x=0.2, 0.5, 0.8
and 1.0) nanoparticles single citrate precursor method. The samples were
characterized by powder X-ray diffraction, vibrating sample magnetometry and
electron paramagnetic resonance(EPR). It was found the average particle size
18-40nm with cubic structure, and the saturation magnetization from 28 - 33.5
A·m2kg–1.
Rashad et al. [85] studied Magnetic and catalytic properties of cubic copper
ferrite nanopowders. The samples were characterized by powder X-ray
diffraction (XRD), vibrating sample magnetometry (VSM) and scanning
electron microscope (SEM), The crystallite size of the produced powders was in
the range between 24.6 and 51.5 nm. The produced copper ferrite powders were
appeared as a homogeneous pseudo-cubic-like structure.

A high saturation

magnetization (Ms 83.7 emu/g) was achieved at hydrothermal temperature
200oC for 24 h and pH 8.
Manikandan et al. [86] studdied Structural, optical and magnetic properties of
Zn1_xCuxFe2O4 nanoparticles, copper doped zinc ferrite powders, Zn1-xCuxFe2O4
(x = 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) synthesized by microwave combustion
method, and characterized in detail by X-ray diffraction (XRD), high resolution
scanning electron microscopy (HR-SEM), energy dispersive X-ray spectroscopy
(EDX) and vibrating sample magnetometer (VSM). X-ray analysis showed that
all compositions crystallize with a cubic spinel type structure. The lattice
parameter decreased from 8.443 to 8.413 Å with increasing Cu content. The
average crystallite size was found in the range of 41.20–45.84 nm. The
saturation magnetization(Ms) varies considerably with Cu content to reach a
maximum value for Cu0.5Zn0.5Fe2O4 composition, i.e. 58.58 emu/g. and the
energy band gap is about 2.1 eV. .
structural, morphological and magnetic properties for Cu doped nanoscale spinel
type ferrites was studied by Bayrakdar et al. [87] CuxM1−xFe2O4 (M=Co, Mn
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and Ni; x=0.0, 0.6 and 1.0) synthesis by cetyltrimethylammonium bromide
(CTAB) assisted hydrothermal route using NaOH solution. characterization by
using the scanning electron microscopy (SEM) ,x-ray diffraction analysis and
vibrating sample magnetometer .The average size of composite nanoparticles for
all samples was 40-60nm , with cubic structure.
Synthesis, characterization and catalytic properties of Nickel substituted Copper
Ferrospinel nanoparticles was studied by Prabhulkar et al. [88] The nickel
substituted copper ferrite nanoparticles (NixCu1-xFe2O4), where x = 0.0, 0.2, 0.4,
0.6, 0.8, 1.0) synthesized by co-precipitation method and characterized by
various physicochemical methods such as XRD analysis, IR spectrometry, FEGSEM and EDS. The XRD analysis showed that all the samples formed have
single-phase cubic structure. The FEG-SEM analysis data reveals that the
particle size of the compounds lie in the range 13.9 to 31.8 nm.
Morphological characterizations and magnetic properties

of MnFe2O4 were

studied by Samani et al. [89] Manganese ferrite nanoparticles (MnFe2O4) were
synthesized by the chemical co-precipitation method. the samples characterized
by x-ray diffraction (XRD) and Fourier transforms infrared spectroscopy (FTIR), transmission electron microscopy (TEM) and field emission scanning
electron microscopy (FESEM).

The obtained nano-powders have spherical

structure with the particle size in the ranges of 12–21nm. The specific surface
area was achieved about122m2/g and magnetic properties were studied by using
vibrating sample magnetometer (VSM). Saturation magnetization (Ms) values
were in the ranges of 18–43 emu/g.
Visible light responsive photocatalytic applications of transition metal (M = Cu,
Ni and Co) doped a-Fe2O3 nanoparticles were studied by Satheesh et al. [90]
prepared (M = Cu, Ni and Co) doped iron oxide (Fe2O3) nanoparticles by simple
co-precipitation technique. The optical structural and magnetic properties were
characterized by UV–vis diffuse reflectance spectroscopy (UV–vis DRS), FTIR, powder X-ray diffraction (XRD), scanning electron microscopy (SEM),
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energy dispersive X-ray spectroscopy (EDX) and vibrational sample
magnetometer (VSM) techniques. The surface area was measured by Brunauer–
Emmett–Teller (BET) analysis. It was found the crystallite size was in the range
of 16–26 nm ,and energy band gap 1.72-1.31ev , specific surface area 23-33
(m2/g) , saturation magnetization 0.3797 - 3.4819 (emu/g), coercivity -0.631489.75 (G).
Magneto-optical properties of Cu1_xZnxFe2O4 nanoparticles study by Güner et
al. [91] synthesized (CZF NPs) by a citric acid assisted sol–gel auto combustion
process. The obtained samples were characterized by powder X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FT-IR), high resolution
scanning electron microscopy (HR-SEM), energy dispersive X-ray analysis,
UV–Vis diffuse reflectance spectra (DRS), and vibrating sample magnetometer
(VSM). XRD results confirmed the formation of cubic spinel-type structure with
an average crystallite size in the range of 27–33 nm. The average Ms value for
CZF NPs is about 57 emu/g. The observed magnetic moments of products are in
the range of 1.76–2.49 µB. The direct optical band gap (Eg) value of CZF NPs
was found as 1.42 eV.
Electrical properties and initial permeability of Cu-Mg ferrites was studied by
Ateia et al. [92] Cu1-xMgxFe2O4 where 0.0 ≤ x ≤1 was prepared by the standard
ceramic method. The single-phase cubic spinel structure of all the samples has.
been confirmed from X-ray diffraction analysis. The lattice constant increases
linearly with increasing magnesium content. the electrical properties (ɛ

and ϐ)

of the prepared samples are measured. The general trend of ɛ and ϐ is decreased
with increasing Mg+2 and increases with increasing temperature.
By a simple sol gel precursor method Hong et al. [93] synthesized (Cu–Ni
ferrite ) and characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM) ,transmission electron microscopy (TEM), high-resolution
transmission electron microscopy (HRTEM) ,energy dispersive spectrometer
(EDS) ,X-ray photo electron spectroscopy(XPS) , UV–vis diffuse reflectance
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spectrum (DRS) and photoluminescence (PL). It was found the average particle
sizes of the samples were in the range 30-100 nm. and energy band gap in range
1.65-1.75ev .
Effect of Cu+2 doping on structural, morphological, optical and magnetic
properties of Cu+2 doped MnFe2O4 was studied by Vijaya et al. [94],
(Mn1-xCuxFe2O4; x=0.0, 0.1,0.2,0.3,0.4 and 0.5) synthesized by the urea assisted
one-potmicro wave combustion method X-ray diffraction(XRD) studies.
Parameter is decreased from 8.477 to 8.455Å with increasing Cu+2 content. The
morphology of the samples were recorded by (HR-SEM) analysis, and was
found to change considerably from nanoparticles to nanosheets and then to
nanoflakes with increasing Cu+2. The energy dispersive X-ray (EDX) results
showed that the composition of the elements were relevant as expected from the
synthesis. The optical properties of the as-prepared nanostructures were also
investigated

by

UV–visible

diffuse

reflectance

spectra

(DRS)

and

photoluminescence (PL) spectra. The energy band gap (Eg) of the pure
MnFe2O4 is 1.76eV,and with an increase in Cu+2 ion, it increases from 1.96 to
2.53eV The magnetic properties were investigated (VSM) and the hysteresis
loops confirmed the ferromagnetic behavior for all the samples with saturation
magnetization (Ms) values in the range of 49.42–66.89 emu/g.

Aim of the present work
The synthesis of magnetic nanoparticles, covering a wide range of compositions
with tunable sizes, morphology and magnetic properties, has made substantial
progress especially over the past decade. The present investigation is concerned
with the synthesis nanosized metal oxides having the molecular formula of
MxCu1-xFe2O4 where M =Zn, Ni, Mn and Mg with controlled particle size,
particle size distribution, composition and surface morphology. Particle size and
surface morphology play a crucial role in tuning the magnetic properties of
nanocrystalline materials. In this work, we tried to study :
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1. The synthesis of four series of nanosized metal oxides with nominal
compositions Cu1-xZnxFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0), Cu1xNixFe2O4

(x = 0.0, 0.2, 0.4, 0.6, 0.8, 1), Cu1-xMnxFe2O4 (x = 0.0, 0.2,

0.4, 0.6, 0.8, 1) and Cu1-xMgxFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1) by the
co-precipitation oxalate rout chemical method.
2. The effect of doping on the structural and morphological properties of
MxCu1-xFe2O4.
3. The influence of doping on the optical properties of MxCu1-xFe2O4
nanoparticles.
4. The optical properties of MxCu1-xFe2O4 by using UV-vis absorption
spectra.
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CHAPTER TWO
EXPERIMENTAL
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2.1 Materials
All reagents used in the present work were analytically graded and directly used
without further treatment. Magnesium sulfate heptahydrate, MgSO4.7H2O
(Merck, 98% purity); oxalic acid, H2C2O4.2H2O (Merck, 99.5% purity), Alkyl
hydroxyl ethyl dimethyl ammonium chloride ( HY), C16H36NOCl (Clariant,
40% ), Zinc sulfate monohydrate, ZnSO4.H2O (Merck, 99% purity), Nickel
sulfate hexahydrate, NiSO4.6H2O (Merck,99% purity), Manganese sulfate
monohydrate, MnSO4.H2O (Merck, 99% purity), Copper sulfate pentahydrate,
CuSO4.5H2O (Merck, 99% purity), Ferrous ammonium sulfate hexahydrate,
(NH4)2Fe(SO4)2.6H2O (Merck, 99.5% purity) and deionized water were used in
the synthesis and preparation of all solutions .

2.2 Synthesis
2.2.1 Synthesis of Cu1-xMxFe2O4 nanopowders
In typical synthesis of Cu1-xMxFe2O4 with x=(0.0, 0.2, 0.4, 0.6, 0.8 , 1.0)
nanopowders, (20 mmol)

of Ferrous ammonium sulfate and the respective

amounts copper sulfate and doped metal ions ( Zn+2, Mg+2, Mn+2, Ni+2 ) were
dissolved into 25 mL of deionized water. (20 mmol) of oxalic acid dissolved in
an equal volume of deionized water and dropwise added to metal salts solution
under magnetic stirring for 60 min . A precipitate of ( Cu , M , Fe) oxalate was
isolated, washed with water several times and dried at 100 oC for 24 hours . The
dried material was grounded using mortar and pestle to produce fine powder
precursor. Subsequently, the precursor, ( Cu , M , Fe) oxalate was annealed in
muffle furnace under air at 500 0C for 2 h to form Cu1-xMxFe2O4 nanostructure.

25

Ferrous ammonium sulfate+ Copper sulfate+ M sulfate+ Deionized water

Oxalic acid + Deionized water

Slow addition

Precipitate formation
Stirring for 2 h and drying
0

at 100 C for 24 h in Drying oven
)Cu , M , Fe) Oxalate
1

Grinding to fine powder

Calcination for 2 h at 511 C in
Muffle furnace
FTIR

)Cu1-xMxFe2O4) powder

TEM

UV

XRD

PL

Fig.(2.1) show the synthesis of M doped Cupper Ferrites nanoparticles

2.3 Characterization Methods
2.3.1 Transmission electron microscopy (TEM)
Low resolution images were collected using a JEM 2011 (JEOL) transmission
electron microscope with energy dispersive X-Ray Spectrometer INCA (Oxford
Instruments), Nanoparticle sizes were determined by using Image J - National
Institutes of Health developed software. TEM is routinely used in the
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determination of particle core size. This technique reports the total particle size
of the core(crystalline and amorphous parts) . Furthermore, it provides details on
the size distribution and the shape.

Fig.(2.2) The schema of transmission electron microscope (TEM)
2.3.2 Energy dispersive X-ray spectroscopy
The chemical composition of the samples were studied by the X-ray
microanalysis, using energy dispersive spectroscopy (EDX) on a LED 14550.

Fig.(2.3) The schema of energy dispersive spectroscopy (EDX)
2.3.3 X-Ray Diffraction Studies (XRD)
The phase and the crystallographic structure of synthesized particles were
characterized with X-ray diffractometer PANalytical X´pert (PANalytical) with
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Cu Kα radiation (0.154 nm wavelength) under 40 kV and 200 mA. X – ray
diffraction is now a common technique for the study of crystal structures and
atomic spacing. The XRD spectra is used for determining the crystallographic
identity of the produced material, phase purity and for calculating the mean
particle size based on the broadening of the most prominent peak in the XRD
profile. Scherrer‟s [95,96] equation:

D

k
( B cos  )

(2.1)

d = crystallite diameter (nm).
K = crystallite shape constant (using 0.9 for spherical shape)
λ = x-ray wavelength (0.154 nm)
B = Full-width at half max at Bragg angle of interest
θ= Bragg Angle (angle of interest)

The lattice constant (a) is calculated from the following equations:
a = d (h2 + k2 + l2)1/2

(2.2)

, where h, k, and l are miller indices of the crystal planes.

Fig.(2.4) The schema of X-ray diffractometer
2.3.4 UV-vis spectroscopy.
UV–vis absorption spectra were collected using a UV– vis spectrophotometer
(Shimadzu, UV-2400) in the wavelength range from 200 to 800 nm. All
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solutions of metal ferrites were prepared in presence of HY surfactant to get
transparent solutions for optical measurement. Prior to measurements a baseline
calibration was made by HY surfactant solution. The optical band gap energies
for different compositions are calculated by Tauc's relation given as below [96]

h  n
1

 Ah  E g 

(2.3)

where A is the constant and Eg is the band gap energy of the material and the
exponent n depends on the type of transition. For direct allowed transition n=
1/2, for indirect allowed transition n= 2, for direct forbidden n= 3/2 and for
indirect forbidden n= 3. Direct band gap of the samples are calculated by
plotting (αhν)2 versus hν and then extrapolating the straight portion of the curve
on the hν axis at α = 0 [97].

Fig.(2.5) The schema of UV-vis spectrophotometer

2.3.5 Photoluminescence Spectroscopy
PL spectra were recorded with a spectrofluorometer (JASCO, FP-6500); the
extinction wavelength was selected to be 400 nm. The scan rate was set at 600
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nm/min with the entrance and exit slit width of 5 nm. All solutions of metal ferrites
were prepared in presence of HY surfactant .

Fig.(2.6) The schema of PL spectrofluorometer

2.3.6 FTIR Spectroscopy
Fourier Transform Infrared (FTIR) spectroscopy is a powerful tool for
identifying types of chemical bonds in a molecule by producing an infrared
absorption spectrum that is like a molecular "fingerprint. FTIR spectra of
ferrite

nanoparticles

were

recorded with (Frontier (Perkin Elmer)

spectrophotometer in frequency range of 3,500–500 cm-1 . the samples were
mixed with anhydrous KBr and pressed into a pallet.

Fig.(2.7) The schema of FTIR spectrophotometer
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CHAPTER THREE

RESULTS AND DISCSSION
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3.1 Cu1-xZnxFe2O4 nanocomposits
3.1.1 synthesis of Cu1-xZnxFe2O4 nanoparticales
ZnSO4 + CuSO4 + 2(NH4)2Fe(SO4)2

Cu1-xZnxFe2SO4

Cu1-xZnxFe2SO4 + H2C2O4.2H2O

Cu1-xZnxFe2C2O4.H2O

100 oC

ZnxCu1-xFe2C2O4.2H2O
ZnxCu1-xFe2C2O4

500 oC

ZnxCu1-xFe2C2O4+H2O
Cu1-xZnxFe2O4 +CO + CO2

3.1.2 FTIR spectra
By means of infrared radiation, the study of atomic/molecular vibrations and
their strengths was an excellent fingerprint for identifying the local chemical
bonds [98]. The FTIR spectra of transition metals substituted copper ferrites
were recorded in the range 500–4000 cm-1.To investigate the structural
properties of spinel ferrite we studied FTIR spectra of pure and Zn doped copper
ferrite nanopowders as shown in Fig. 3.1, The broad metal–oxygen bands are
seen in the FTIR spectra of all spinels, and ferrites in particular is generally
observed in the range 600–500 cm_1 [99]. The broad peak in the range of 32003700 cm-1 appears due to stretching vibration of OH. The bands at 1623cm-1 and
at 2357 cm-1 are due to the C-O stretching mode arising from the adsorption of
atmospheric CO2 on the surface of the nanoparticles [100]. The peaks near 1370
cm-1 and 1645 cm-1 arises due to the bending vibration of N-O and H-O-H bonds
respectively [101]. The transmission band (~ 585 cm-1) corresponds to the
stretching vibration mode of (M or Fe or Cu)-oxygen vibrations for metal ions.
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Fig. (3. 1) FTIR spectra (a) Cu-Ferrite and (b) Zn-Cu-Ferrite
3.1.3 XRD analysis
The crystal structure and phase purity of the as-prepared nanocrystalline
samples were confirmed by X-ray diffraction (XRD) analysis. The XRD pattern
will give the information about crystalline structure and grain size of
nanoparticles. Samples of pure copper ferrite and zinc doped copper ferrite Cu1xZnxFe2O4

(where x = 0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,and 1.0 ) have been investigated by

X- ray diffraction in range 2θ between 250 and 700 as shown in The Fig. 3.2.
The observed peaks at 29.9o , 35.48o ,43.76o , 53.88o , 56.79o , and 62.34o can be
assigned to the reflections of (220), (311), (400), (422), (511) and (440) crystal
planes, respectively . The peaks could be indexed as (220), (311), (222), (400),
(422), (511)and (440) which are characteristics of single-phase cubic spinel
structure of CuFe2O4 (ICDDcardno:72-1174) and ZnFe2O4. CuFe2O4 (ICDD
cardno:89-1012). From the results, the Cu–Zn ferrite phase formed contained
some impurity peaks, which are due to decomposition of the ferrites to α-Fe2O3
phase. The largest peak for all samples is observable at 2θ=35.48o. The XRD
results in this work agree with the XRD result of CuFe2O4 nanoparticles [85]. It
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is noticed that the intensity of plane (222) was decreased gradually as the
concentration of Zn is increased, and disappeared completely for ZnFe2O4
ferrite. Above x = 0 a slight shift in the peaks toward lower 2θ takes place. This
is probably due to the variation of ionic sizes of the Zn2+ and Cu2+ cations since
ionic size of Zn2+ (0.74 A) is larger than that of Cu2+ (0.72 A) [102,103,104].
The average particle sizes of the samples were estimated from the broadening
of the diffraction peaks using equation (2.1). The average particle size of all
samples in the range of 12.1-13 nm by XRD which are tabulated in Table 3.1.
The lattice constant for each peak of each sample was calculated by using the
formula 2.2. It was observed that the lattice constant for each composition
increases with increasing Zn substitution (Table 3.1). This is probably due to the
variation of ionic sizes of the Zn2+ and Cu2+ cations since ionic size of Zn2+
(0.74 A) is larger than that of Cu2+ (0.72 A) [102]. The lattice constants (a) were
found to be within the range of the lattice constants of ZnFe2O4 and CuFe2O4
[103,104].
120000
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440

Impurity
422

400

*

(222)

100000

220

311

*

x=0.8

80000

Intensity (a.u.)
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x=0.6
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Fig. (3.2) XRD analysis of Cu1-xZnxFe2O4 ferrite.
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Table( 3.1) Average particle size and lattice constants of Cu1-xZnxFe2O4
nanoparticles
X

particle size
(nm)

lattice constants (Å)

0.0

12.1

8.332

0.2

12.2

8.362

0.4

12.4

8.384

0.6

12.8

8.388

0.8

12 .9

8.393

1.0

13

8.402

3.1.4 TEM and EDX analysis
TEM is an imaging technique where the system can study small details in the
cell or different materials down to near atomic levels [105,106]. It can
investigate the size, shape and arrangement of the particles which make
up the specimen as well as their relationship to each other on the scale of
atomic diameters. Figs. 3.3 (a-d) shows the TEM and histograms of micrographs
of Cu ferrite and Cu-Zn ferrite and Zn ferrite samples. The figures proved that
products are nearly spherical (not uniform) with diameter 15-20 nm, but having
agglomeration to some extent, due to the relative higher annealing temperature
and interaction between magnetic particles. The agglomeration is due to the Van
der Waals force between the particles [107]. The difference in shape and
morphologies is correlated with the crystallite dimensions and ionic radii of the
precursors. The particle size as seen from the TEM images is slightly different
from the XRD technique, because the former is associated with aggregated
clusters size, while the latter is associated with the diffracting domains size in
the nanoparticles. Energy dispersive X-ray spectroscopy (EDX) is an analytical
technique used for the e lemental analysis or chemical characterization of a
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sample. EDX spectroscopy is an analytical tool to determine the atomic
composition of the sample. The atomic composition of Cu1_xZnxFe2O4 x =(0.0
,0.2 ,0.4 , 0.6 ,0.8 and 1.0 ) nanostructures were confirmed by energy dispersive
X-ray (EDX) analysis and the results are shown in Figs. 3.4(a ,d). Fig 3.4(a
)shows the peaks of Fe , Cu and O elements in pure CuFe2O4 and Figs 3.4(b–d)
shows the peaks of Fe , Zn ,Cu and O elements for Zn-doped CuFe2O4 samples.

36

a

3.0

2.5

Counts

2.0

1.5

1.0

0.5

0.0
12

14

16

18

20

22

Particle size (nm)

2.0

b
Counts

1.5

1.0

0.5

0.0
11

12

13

14

15

16

17

18

Particle size (nm)

c

4.0
3.5
3.0

Counts

2.5
2.0
1.5
1.0
0.5
0.0
12

14

16

18

20

22

24

26

Particle size (nm)

d

3.0

2.5

Counts

2.0

1.5

1.0

0.5

0.0
8

10

12

14

16

18

20

22

24

26

28

particle size

Fig(3.3 )TEM micrographs and histograms of Cu1-xZnxFe2O4 (a) x=0.0 ,(b)
x=0.2 ,(c) x=0.6 and (d) x=1.0
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a

b

c

d

Fig.( 3.4) EDX spectrum of Cu1-xZnxFe2O4 (a) x=0.0 ,(b) x=0.2 ,(c) x=0.6
and (d) x=1.
3.1.5 optical properties
3.1.5.1 UV-Vis absorption studies
UV-vis spectral analysis has been widely used to characterize semiconductor
nanoparticles. As the particle size decreases, the absorption edge shifts to shorter
wavelength, due to the band gap increase of the smaller particles [108, 109].
The absorption spectra of Cu ferrite and Zn doped in Cu ferrite nanoparticles
(Cu1-xZnxFe2O4 ) in UV-light region was illustrated in Fig. 3.5. It can be clearly
seen that all samples possessed an absorption band in the whole range as well as
exhibited a good absorption in the light region (330-400 nm). The absorption at
330 nm is assigned to the characteristic absorption band of CuFe2O4
nanoparticles. On substituting Zn in copper ferrites, the absorption band is
shifted to longer wavelength as shown in Fig. 3.5. The fundamental absorption,
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which corresponds to electron excitation from the valance band to conduction
band, can be used to determine the value of the optical band gap of the
synthesized Cu1-xZn xFe2O4 ferrite nanoparticles. The optical band gap energies
for different compositions are calculated by equation (2.3) The straight lines
plots shown in Figs. 3.6 (a-f) imply that the Zn-doped Cu- ferriet samples have
direct energy band gap and the band gap was present between 3. 72 to 3.10 eV.
The energy gap decreases when increaseing concentration of Zn+2 due to
increase particle size Fig. 3.7. The decrease in band gap may also be due to the
sp– d exchange interaction between the localized d-electrons of Zn2+ ions and
band electrons of CuFe2O4. Thus the narrowing band gap with Zn2+ doping
could be due to the formation of sub bands in between the energy band gap and
merging of their sub bands with the conduction band to form a continuous band
[110]. The band gap energy decreases with increasing Zn content, which may be
associated with various parameters including the crystallite size, structural
parameter, carrier concentrations, presence of very small amount of impurities
which are detectable by XRD technique and lattice strain [111]
0.5
CuFe O4
2

Cu0.004Zn0.001Fe2O4

0.4

Cu0.003Zn0.002Fe2O4

Absorption (a.u.)

Cu0.002Zn0.003Fe2O4
Cu0.001Zn0.004Fe2O4

0.3

ZnFe2O4

0.2

0.1

0.0
240

270

300

330

360

390

420
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Fig. (3.5) UV-vis. spectra of Cu1-xZnxFe2O4 (x= 0.0, 0.2 , 0.4 , 0.6 , 0.8 and 1)
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Fig.(3.6) Energy gap spectra of Cu1-xZnxFe2O4 ferrite
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Fig. (3.7) Variation of the band gap energy of Cu1-xZnxFe2O4 (x = 0.0, 0.2,
0.4, 0.6, 0.8 and 1.0).
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3.1.5.2 PL spectra
The photoluminescence (PL) spectra were recorded to investigate the
recombination phenomena and to obtain the information on band gap with the
relative energetic position of sub band gap defect states [115]. Fig. 3.8 shows
the room temperature PL spectra recorded at the excitation wavelength of 400
nm for all the doped Zn fractions in the copper ferrites. In the present study,
undoped CuFe2O4 and Zn doped copper ferrites (x = 0.0 , 0. 2 , 0. 4 , 0. 6 , 0. 8 ,
1.0) shows peaks corresponding to blue emissions at 460 nm and green
emissions at 510 nm respectively. The peaks at 460 nm correspond to the blue
emission, due to the radiative defects related to the interface traps existing at the
grain boundaries [113,114]. The peak at 510 nm may be attributed to the oxygen
vacancies, thus giving rise to the green emissions [112]. The green emission
peak is commonly referred to as deep-level or trap- state emission and singly
ionized oxygen vacancy [115]. This behavior can be attributed to the appearance
of new electronic levels between the conduction band and the valence band and
might be due to the increase of intrinsic defects. Hence, the emission
characteristics in copper ferrites are governed by the defect controlled processes.
It is also observed that doping of Zn in copper ferrite matrices increases the
luminescence intensity with an increase in x values. Despite the defect
controlled processes in all the samples, the increase in the luminescence
intensity shall be due to the increase in distance between the dopant (activator)
and the array [116]. The defect centers that act as trap levels and role of Zn2+
activators in increasing the intensity of luminescence in the Zn doped copper
ferrites play a dominant role in the emission processes. Similar results were
reported already by vijaya et al. [94]
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Fig.(3.8) Photoluminescence spectra of Cu1-xZnxFe2O4 ferrite at x= (0.0 ,0.2
,0.4 ,0.6 ,0.8 ,1.0)
Conclusions for Cu1-xZnxFe2O4
Copper ferrite nanoparticles doped with Zn, were successively synthesized by a
co-precipitation chemical method, with different concentration of Zn , where the
product Cu1-xZnxFe2O4,(x= 0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,and 1.0) The results obtained.
 XRD which confirms that Cu1-xZnxFe2O4 ferrites have a cubic spinel
with particle size 12.1-13 nm.
 TEM shows the formation of a nearly spherical particles and possess
average size of 9 - 20nm.
 EDX it reveals that no traces of other elements were found in the spectra
confirms the purity of the samples.
 PL spectra exhibits two broad emission bands .
 UV– vis absorption spectroscopy shows that the energy band gap of the
synthesized Cu1-xZnxFe2O4 nanoparticles decreases by increasing doping
contents, it decreases from 3.72 to 3.05 eV.
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3.2 Cu1-xNixFe2O4 nanoparticles
3.2.1 synthesis of Cu1-xNixFe2O4 nanoparticales

NiSO4 + CuSO4 + 2(NH4)2Fe(SO4)2

Cu1-xNixFe2SO4

Cu1-xNixFe2SO4 + H2C2O4.2H2O

Cu1-xNixFe2C2O4.H2O

100C0

Cu1-xNixFe2C2O4.2H2O

Cu1-xNixFe2C2O4+H2O

500C0

Cu1-xNixFe2O4 +CO + CO2

Cu1-xNixFe2C2O4
3.2.2 FTIR spectra
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Fig. (3. 9) FTIR spectra (a) Cu-Ferrite and (b) Ni-Cu-Ferrite
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3.2.3 XRD analysis
The crystal structure and phase purity of the as-prepared samples were examined
by XRD analysis. Fig. 3.10 shows the XRD diffractograms of the Cu1-x Ni
xFe2O4

samples where x =(0.0 ,0.2 ,0.4 ,0.6 ,0.8 and 1.0 ). The observed peaks at

30.31o, 35.71o, 43.51o, 53.91o, 57.51o and 62.71o can be assigned to the
reflections of, (220), (311), (400), (422), (511) and (440) crystal planes,
respectively. It can be seen that the undoped CuFe2O4 (x =0.0) can be easily
indexed to cubic spinel structure of CuFe2O4, the intense and sharp peaks
elucidated that the products were well-crystallized. Furthermore, it seems that
the doping with Ni+2 ions has no appreciable effect on the crystal structure of
CuFe2O4. The XRD patterns of the standard NiFe2O4 from JCPDS No. 10-325
has been presented in Fig. 3.10. Substitution of Cu with Ni increased the overall
crystallinity of the spinel phase [117]. The results indicate that the products are a
perovskite oxide of an orthorhombic structure with the second phase of α-Fe2O3
in the doped samples of x = 0.0 to 1.0. It is also observed that the diffraction
peaks became sharper, narrower along with increased intensity with increased
concentration of Ni substituted to CuFe2O4 ferrites . The intensity of main
diffraction peak of cubic spinel ferrite at the (311) plane was considered as a
measure of its degree of crystallinity [118]. The average particle sizes of the
samples were estimated from the broadening of the diffraction peaks using the
Debye–Scherrer equation. The average particle size of all samples in the range
of 12.1-11 nm . The lattice parameter (a) has been calculated from X-ray
diffraction data using the formula (3). The crystalline size and lattice parameter
(a) for all the samples are listed in Table 3.2. From the table, it is clear that
lattice parameter and crystalline size were increased with annealing temperature.
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Table( 3.2) Average particle size and lattice constants of Cu1-x Ni xFe2O4
lattice constants (Å)

0.0

12.1

8.332

0.2

12.26

8.352

0.4

12.85

8.374

0.6

13.03

8.382

0.8

13.20

8.395

1.0

11.0

8.310

Intensity (a.u.)
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*
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Fig (3.10) XRD analysis of Cu1-xNixFe2O4 ferrite.
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3.2.4 TEM and EDX analysis
In order to further study the morphologies, structures and sizes of the as-prepared
samples with x = 0.0 and x = 1.0, a series of characterizations such as TEM are carried
out. Figs. 3.11 (a-d) shows the TEM images and corresponding histograms of

Cu1-xNixFe2O4 ferrite samples. Figs. 3.11(a-d) shows nanoparticles having
agglomeration to some extent with irregular spherical-like structure. The
average particle sizes of the samples are in the range of 9-20 nm. The elements
present in Cu1-xNixFe2O4 nano-composites with their respective atomic
percentages have been studied by energy dispersive X-ray spectroscopy. The
spectra shown in Figs. 3.12(a–d) reveals the presence of Fe , Ni ,Cu and O
elements for Ni-doped CuFe2O4.
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Figs.(3.11 ) TEM micrographs and histograms of Cu1-xNixFe2O4 (a) x=0.0
,(b) x=0.2 ,(c) x=0.6 and (d) x=1.
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a
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Fig. (3.12) EDX spectrum of Cu1-xNixFe2O4 (a) x=0.0 ,(b) x=0.2 ,(c) x=0.6
and (d) x=1.

3.2. 5 Optical properties:
3.2.5.1 UV-Vis absorption studies
The absorption spectra of Cu-ferrite and Ni doped in Cu ferrite nanoparticles
(Cu1-xNixFe2O4) in UV-light region was illustrated in Fig.3.13. CuFe2O4
nanoparticles exhibits the characteristic absorption peak at 333 nm as shown in
Fig. 3.13. On doping Ni (x = 0.2, 0.4, 0.6 and 0.8) in copper ferrites two broad
shoulders are observed in the 315-333 nm wavelength region for the samples
which probably results from some defect structures. However, as we move to
higher dopant concentration at x = 1, a broad shoulder due to Cu ferrites
disappeared and a new absorption peak of Ni ferrites was appeared at 315 nm.
This indicated that the Ni2+ ions were effectively incorporated into the CuFe2O4
crystal lattice to form a stable Cu1-xNixFe2O4 substitution solid solution. Adirect
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band gap of the samples is calculated by plotting (αhν)2 versus hν and then
extrapolating the straight portion of the curve on the hν axis at α = 0. The
estimated band gap of Cu 1-xNi xFe2 O4.(x = 0.2, 0.4, 0.6 and 0.8) initially decreases from
3.72 eV (pure CuFe2O4) to 3.54 eV (80% Ni doping), and then increases to 3.92 eV
for pure NiFe2O4 as shown in Fig. 3. 14. For Ni-doped copper ferrite samples the

two broad peak positions were considerably red shifted as the atomic percentage
of Ni doping is increased, due to the size quantization [119] as shown in Fig. 3.
14.It is well known that the band structure of NiFe2O4 is generally defined by
taking the O-2p orbital as the valence band and the Fe-3d orbital as the
conduction band [120]. The reduction of the band gap may be the reason that the
band gap between the O-2p and Fe-3d levels was decreased with increasing Ni2+
doping. It has been reported that the CB of NiFe2O4 located at ca. -0.6 V and
the VB located at ca. 1.10V [121]. The intensity of the shoulder peak decrease
when the amount of Ni doping is increased suggesting the crystallite growth
minimization and structural defects by thermal annealing. A similar red shift has
been observed for the band gap for various semiconductor particles [122,123]
because the optical properties depend strongly on the particle size, and particle
size distribution is expected to cause inhomogeneous broadening of the optical
spectra.
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3.2.5.2 PL spectra
Photoluminescence (PL) spectroscopy was used to study the luminescence
properties and the recombination phenomena of the semiconductor materials,
which can give information of sub-band gap defect states of CuFe2O4
nanostructures. Fig. 3. 15 shows the room temperature PL spectra of Cu1xNixFe2O4

where x = (0.0 , 0. 2 , 0. 4 , 0. 6 , 0. 8 , 1.0) samples recorded at the

excitation wavelength of 400 nm. A luminescence peak is observed in the visible
region between 460 to 510 nm for all the samples are related to the presence of
defects and oxygen vacancies [124]. The peaks at 460 nm correspond to the blue
emission, and the peak at 510 nm may be attributed to the oxygen vacancies,
thus giving rise to the green emissions. It is found that there is no change in the
positions of PL peaks in all the samples. The decrease in the green emission
(510 nm) intensity with increasing the Ni2+ content, and decrease of crystallite
size suggests the presence of various structural defects [125] . It may be due to
the decreasing number of optically active defects as well as the thermal
quenching, because the increase in the non-radiative transition centers created
by Ni2+ incorporation and intrinsic defects (such as oxygen vacancy or
interstitial related defects) [126–128].

51

600

CuFe2O4
Cu0.004Ni0.001Fe2O4

500

Cu0.003Ni0.002Fe2O4

Fluorescence (mv)

Cu0.002Ni0.003Fe2O4
Cu0.001Ni0.004Fe2O4

400

NiFe2O4

300

200

100
420

440

460

480

500

520

540

560

Wavelength (nm)

Fig.(3.15) Photoluminescence spectra of Cu1-xNixFe2O4 ferrite at x= (0.0 ,0.2
,0.4 ,0.6 ,0.8 ,1.0)

Conclusions Cu1-xNixFe2O4
Copper ferrite nanoparticles doped with Ni, were successively synthesized by a
co-precipitation chemical method, with different concentration of Ni , where the
product Cu1-xNixFe2O4,(x= 0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,and 1.0) The results obtained.
 XRD which confirms that Cu1-xNixFe2O4 ferrites have a cubic spinel
with particle size 12.1-11 nm.
 TEM shows the formation of a nearly spherical particles and possess
average size of 8 - 17nm.
 EDX it reveals that no traces of other elements were found in the spectra
confirms the purity of the samples.
 PL spectra exhibits two broad emission bands .
 UV– vis absorption spectroscopy shows that the energy band gap of the
synthesized Cu1-xNixFe2O4 nanoparticles decreases by increasing doping
contents, But in max concentration increases It was in the range from 3.6
to 3.92 eV.
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3.3 Cu1-xMnxFe2O4 nanoparticles
3.3.1 Synthesis of Cu1-xMnxFe2O4
MnSO4 + CuSO4 + 2(NH4)2Fe(SO4)2

Cu1-xMnxFe2SO4
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100C0
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3.3.2 FTIR spectra
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Fig. (3. 16) FTIR spectra (a) Cu-Ferrite and (b) Mn-Cu-Ferrite

53

3.3.3 XRD analysis
The crystal structure and phase purity of the as-prepared nanocrystalline spinel
ferrites were confirmed by X-ray diffraction (XRD) analysis. Fig. 3.17 shows
the XRD patterns of

Cu1-x Mn xFe2O4 samples prepared at various Mn

substitutions ( x= 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 ). Phase analysis of the obtained
diffraction patterns ensured the single-phase cubic spinel structure for all Mnsubstituted CuFe2O4 samples and the corresponding observed peaks could be
indexed as (220), (311), (400), (422), (511) and (440) planes. The intensity of
the main diffraction peak of cubic spinel ferrite at the (311) plane was
considered as a measure of its degree of crystallinity. The XRD patterns are
indexed using the standard JCPDS card no.

74-2403. Similar results are

reported earlier by Phumying et al. [129]. The average crystallite size of
Cu1_xMnxFe2O4 samples was calculated by using the Debye– Scherrer formula,
The estimated results showed that the average crystallite size is 12.1 nm for pure
CuFe2O4. However ,with further increase in Mn+2 doping for x values 0.2 ,0.4
,0.6 , 0.8 and 1.0, a increase in the crystallite size to 12.28 , 12.65 , 13.30 ,13.42
and 13.5 nm respectively, The average particle size of all samples in the range of
12.1-13.5 nm by XRD which are tabulated in Table 3.3. The values of lattice
parameters were obtained for all the samples using XRD data and are listed in
Table 3.3. The slight increasing trend in the lattice parameter is attributed to the
replacement of larger ionic radius of Mn2+ (0.92 Å) by the smaller ionic radius
of Cu2+ (0.73 Å), in the host system [94].
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Table( 3.3 )Average particle size and lattice constants of Cu1-xMn xFe2O4
lattice constants
(Å)

0.0

12.1

8.332

0.2

12.28

8.342

0.4

12.65

8.362

0.6

13.30

8.382

0.8

13.42

8.397

1.0

13.50

8.422

(440)

(511)

(422)

(400)

*

* impurity
(222)

(311)

particle size (nm)

(220)

80000

X

x=1.0

Intensity (a.u.)

x=0.8
x=0.6
x=0.4
40000

x=0.2
x=0.0
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60

2(D e g r e e s)

Fig (3.17) XRD analysis of Cu1-xMnxFe2O4 ferrite
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3.3.4 TEM and EDX analysis
Figs. 3.18 (a- d) shows TEM images and EDX spectrum Cu1-x Mn xFe2O4 (x = 0,
0.2, 0.8 and 1) samples, which indicates that the samples consists of
nanostructured morphology. It obvious that the morphology of the sample
changes with increase in the concentration of manganese content. As shown in
Fig. 3.18(a), undoped CuFe2O4 showed nanoparticles-like morphology. When
the concentration of Cu is increased to x= 0.2 and 0.8, the morphology of
CuFe2O4 changes from nanoparticles to nanosheets-like structure as shown in
Figs. 3.18 b and c. When the concentration of manganese is further increased x
= 1.0, the morphology of CuFe2O4 becomes nanoparticles-like structure is
shown in Fig. 3.18 (d). Hence, it is concluded that the morphology of CuFe2O4
sample changes gradually from nanoparticle-like morphology to nanosheet-like
morphology and then to nanoparticles-like morphology with an increase in the
concentration of manganese content (x= 0.0–1). The difference in shape and
morphologies is correlated with the crystallite dimensions and ionic radii of the
precursors. Similar result was reported earlier by Vijaya et al. [94] for Cu-doped
MnFe2O4 ferrites. The elemental analysis of Cu1-x Mn xFe2O4 (x = 0, 0.2, 0.8 and
1) nanostructures were confirmed by energy dispersive X-ray (EDX) analysis
and the results are shown in Figs. 3.18(a-d). Fig. 3.18(a) shows the peaks of Fe,
Cu and O elements in pure CuFe2O4 and Figs. 3.18(b–c) shows the peaks of Fe,
Mn, Cu and O elements for Mn-doped Cu ferrites. However, Fig. 3.18(d) shows
the peaks of Mn, Fe and O elements in pure MnFe2O4. Therefore, the coprecipitation method completely favors the formation of manganese ferrites.
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a

b

c

d

Figs. (3.18) TEM micrographs and EDX spectrum of of Cu1-xMnxFe2O4 (a)
x=0.0 ,(b) x=0.2 ,(c) x=0.8 and (d) x=1.
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3.3.5 Optical properties
3.3.5.1 UV-Vis absorption studies
The absorption spectra of Mn doped in Cu ferrite nanoparticles (Cu1x Mn x Fe2 O4 )

in UV-light region was illustrated in Fig. 3.19. CuFe2O4

nanoparticles exhibits the characteristic absorption peak at 333 nm as shown in
Fig. 3.19. On doping Mn (x = 0.2, 0.4, 0.6, 0.8 and 1) in copper ferrites a broad
shoulder is observed in the 330-350 nm wavelength region for the samples
probably results from some defect structures. This indicated that the Mn2+ ions
were effectively incorporated into the CuFe2O4 crystal lattice to form a stable
Cu1-xMnxFe2O4 substitution solid solution. The band gap can be obtained from
a linear extrapolation of the absorbance edge to the wavelength axis. The
estimated band gap values of MnxCu1-xFe2O4 (x = 0.0, 0.2 , 0.4 , 0.6 , 0.8 ,1)
nanostructures are 3.72, 3.69, 3.63, 3.62, 3.58 and 3.55 eV, respectively Fig.
3.20. It clearly shows that an decrease in the band gap with increase in the
crystallite size for the doped samples than the undoped CuFe2O4. The band gap
(Eg) value of pure CuFe2O4 is 3.72 eV (diameter of 12.1 nm), and hence there is
a red shift for all Mn-doped samples. The lattice strain induced by the lattice
distance would also lead to some shift in the band gap, but may not play a major
role in the determination of band gap as the small deformation of the lattice
distances [130]. Guoet al. [131] reported different values (1.68 and 1.74 eV) for
hollow spheres and colloidal nanocrystal clusters of MnFe2O4 respectively,
prepared by a solvo-thermal method. All these reported values are much is
smaller than the calculated band gap of our product which is 3.55 eV,
respectively. A small increase in the optical band energy with decreasing the
crystallite size indicates a very weak quantum size effect [132,133].
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Fig. (3.19) UV-vis. spectra of Cu1-xMnxFe2O4 x = ( 0.0, 0.2 , 0.4 , 0.6 , 0.8 ,1)
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Fig. (3.20) Variation of the band gap energy of Cu1-xMnxFe2O4 (x = 0.0, 0.2,
0.4, 0.6, 0.8 and 1.0) .
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3.3.5.2 PL spectra
Optical investigations can reveal useful information for understanding the
physical properties of materials. The density of defects and surface states may
change with formation conditions, dopant addition, morphology and size of the
crystallites. It is therefore interesting to examine different defect energy levels.
Fig. 3. 21 shows the room temperature PL spectra of Cu1-xMnxFe2O4 where x =
(0.0 , 0. 2 , 0. 4 , 0. 6 , 0. 8 , 1.0) samples recorded at the excitation wavelength
of 400 nm. A luminescence peak is observed in the visible region between 460
to 510 nm for all the samples are related to the presence of defects and oxygen
vacancies [124]. The peaks at 460 nm correspond to the blue emission, and the
peak at 510 nm may be attributed to the oxygen vacancies, thus giving rise to
the green emissions. It is found that there is no change in the positions of PL
peaks in all the samples. The deep and shallow holes defects are the main
reasons for the photoluminescence properties, which arises due to the oxygen
vacancies created in tetrahedral and octahedral sites of the above ferrite
compositions. The broadband visible emission is observed and assigned to
charge transfer between Fe3+ at octahedral sites, Cu2+ at tetrahedral sites and its
surrounding O2- ions. This property may be due to the intrinsic into CuFe2O4,
the overall peak intensities decrease. It may be due to the decreasing number of
optically active defects as well as the thermal quenching, because the increase in
the non-radiative transition centers created by Mn2+ incorporation and intrinsic
defects (such as defects present within the crystal lattice. As we increase the
doping concentration of Mn oxygen vacancy or interstitial related defects)
[126–128].
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Fig.( 3.21) Photoluminescence spectra of Cu1-xMnxFe2O4 ferrite at x= (0.0
,0.2 ,0.4 ,0.6 ,0.8 ,1.0)
Conclusions of Cu1-xMnxFe2O4
Copper ferrite nanoparticles doped with Mn, were successively synthesized by
a co-precipitation chemical method, with different concentration of Mn , where
the product Cu1-xMnxFe2O4,(x= 0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,and 1.0) The results
obtained.
 XRD which confirms that Cu1-xMnxFe2O4 ferrites have a cubic spinel
with particle size 12.1-13.5 nm.
 TEM shows the formation of a nearly spherical particles .
 EDX it reveals that no traces of other elements were found in the spectra
confirms the purity of the samples.
 PL spectra exhibits two broad emission bands .
 UV– vis absorption spectroscopy shows that the energy band gap of the
synthesized Cu1-xMnxFe2O4 nanoparticles decreases by

increasing

doping contents, But in max concentration increases It was in the range
from 3.72 to 3.5 eV.
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3.4 Cu1-xMgxFe2O4 nanoparticles
3.4.1 synthesis Cu1-xMgxFe2O4
MgSO4 + CuSO4 + 2(NH4)2Fe(SO4)2
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Fig. (3. 22) FTIR spectra (a) Cu-Ferrite and (b) Mg-Cu-Ferrite
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3.4.3 XRD Analysis
The structure and phase purity of the samples were confirmed by analyzing the
X-ray powder diffraction patterns. Fig. 3.23(a-f) shows the XRD patterns of
Cu1-xMgxFe2O4 samples prepared at various Mg substitutions x = ( 0.0 , 0.2 , 0.4
,0.6 , 0.8 and 1.0 ). All the observed reflections could be assigned to cubic spinel
lattice indicating their single phase structure with some traces of other impurity
phases (e.g. Fe2O3 and CuO phases). The peaks could be indexed as (220),
(311), (222), (400), (422), (511), and (440) , which are characteristics of singlephase cubic spinel structure (JCPDS card no. 22-1012). From the results, the
Cu-Mg ferrite phase formed contained some impurity peaks, which are due to
decomposition of the ferrites to α-Fe2O3 phase, above the annealing temperature
of 500oC [134–136]. The intensity of main diffraction peak of cubic spinel
ferrite at the (311) plane was considered as a measure of its degree of
crystallinity [118]. An increase in the concentration of Mg in copper ferrite
resulted in a measurable progressive increase in the degree of crystallinity of the
produced cubic phase. The average particle sizes of the samples were estimated
from

the broadening of the diffraction peaks using the Debye–Scherrer

equation. The average particle size of all samples in the range of 12.1-13.5 nm
by XRD which are tabulated in Table 3.4. It was found that by increasing the
amount of magnesium loading, the crystallite size increases. It is may be due to
the surface temperature that affects the molecular concentration and makes the
tiny crystal to grow at the surface of the crystal, thereby increasing the
molecular concentration at the crystal surface, which in turn increases the grain
growth [137].

For every recorded peak, the average values of the lattice

parameter as a function of Mg content are tabulated in Table 3.4. All the
calculated lattice parameters show a slight variation with Mg2+ content. This can
be explained on the basis of cation distribution of Cu-Mg which is partially
inverse spinel ferrite. Cu2+ with ionic radius (0.57 Å) in tetrahedral A site is
replaced by Mg2+ with ionic radius (0.57 Å), so the lattice parameter is nearly
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constant. But a slight variation is observed when Cu2+ with ionic radius (0.73 Å)
on octahedral B site is replaced by Mg2+ (0.72 Å) in the same site.

Table (3.4) Average particle size and lattice constants Cu1-x Mg xFe2O4
nanoparticles

X

particle size
(nm)

lattice constants (Å)

0.0

12.1

8.332

0.2

12.28

8.336

0.4

12.65

8.339

0.6

13.30

8.342

0.8

13.42

8.346

1.0

13.50

8.348
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Fig( 3.23) XRD 0f Cu1-xMgxFe2O4 (a) x=0.0,(b) x=0.2 ,(c) x=0.4 ,(d x=0.6 ,
(e) x=0.8 ,(f)x=1.0.

3.4.4 TEM and EDX Results
The morphological characteristics and EDX analysis of the obtained Cu1xMgxFe2O4

(x = 0.0, 0.6, 0.8, 1) nanoparticles were investigated by the

transmission scanning electron microscopy (TEM) and are shown in Figs.
3.24(a-c). TEM images of Cu1-xMgxFe2O4 samples (Figs. 3.24 (a–c) reveal that
all the samples exhibit a compact arrangement of homogeneous nanoparticles
with spherical shape. Figs. 3.24(a-c), shows the images of Mg-doped Cu ferrite
nanoparticles, which are homogeneous and agglomerated with diameter ranging
from 16–25. Nanoparticles are agglomerated due to the presence of magnetic
interactions among the particles [138]. The observed difference in particle size
calculated by XRD and as observed by TEM may be due to the molecular
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structural disorder and lattice strain, which resulted the different ionic radii
and/or clustering of the nanoparticles. The dependence of the particle size on
Mg concentration may also be related to the preferences in site occupancy by the
elements Mg, Cu and Fe within the crystal lattice during crystallization process
[86]. EDX spectroscopy is an analytical tool to determine the composition of
the sample. EDX spectra of Cu1-xMgxFe2O4 ferrites (x = 0.0, 0.6, 0.8, 1) are
shown in Figs. 3.25(a-c) . Fig. 3.25 (a) shows the peaks of Fe, Cu and O
elements in pure CuFe2O4 and Figs. 3. 25(b–c), shows the peaks of Fe, Cu, Mg
and O elements for Mg-doped CuFe2O4 samples. It is interesting to note that the
preparation condition completely favors the formation of mixed ferrites and
allow us to study the effect of increasing Mg content on the properties of the
copper ferrite. The above mentioned results confirm the formation of pure and
Mg-doped CuFe2O4 phase.
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Fig.( 3.24)TEM micrographs and histograms of Cu1-xMgxFe2O4 (a) x=0.0 (b)
x=0.6,(c)x=0.8 and (d)x=1.0
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Fig.( 3.25) EDX spectrum of Cu1-xMgxFe2O4 (a) x=0.0 (b) x=0.6,(c)x=0.8
and (d)x=1.0
3.4.5 Optical properties
3.4.5.1 UV-Vis spectra
To study the effect of crystallite size on the optical properties of Cu1-xMgxFe2O4
semiconductor ferrite materials, the UV–visible measurement was carried out.
CuFe2O4 nanoparticles exhibits the characteristic absorption peak at 333 nm as
shown in Fig. 3.26. On doping Mg (x = 0.2, 0.4, 0.6, 0.8 and 1) in copper
ferrites a two broad shoulder is observed in the 330-350 nm wavelength region
for the samples probably results from the defect structures of Cu and Mg. This
indicated that the Mg2+ ions were effectively incorporated into the CuFe2O4
crystal lattice to form a stable Cu1-xMgxFe2 O4 substitution solid solution. The
band gap can be obtained from a linear extrapolation of the absorbance edge to
the wavelength axis. The estimated band gap values of Cu1-xMgxFe2 O4 (x = 0.0,
0.2 , 0.4 , 0.6 , 0.8 and 1.0) nanostructures are 3.72, 3.56, 3.54, 3.50, 3.49 and
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3.48 eV, respectively Fig3.27. It clearly shows that there is a slight decrease in
the band gap of the Mg-doped CuFe2O4 samples, when compared to the pure
CuFe2O4. On the other hand, the band gap decreases with increasing Mg
concentration in CuFe2O4 matrices, although the particle size increases. Yet this
kind of band gap narrowing trend has been observed by Chen et al. [139], Yogo
et al. [140] and Wang et al. [141]. Similar effect is found in the present study.
Thus the narrowing band gap with Mg doping could be due to the formation of
sub bands in between the energy band gap and merging of their sub bands with
the conduction band to form a continuous band [110]. This may be due to the
additional sub-band-gap energy levels that are induced by the abundant surface
and interface defects in the agglomerated nanoparticles [142,143].
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Fig. (3.26) UV-vis. spectra of Cu1-xMgxFe2O4 x = ( 0.0, 0.2 , 0.4 , 0.6 , 0.8 and
1.0 )
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Fig.( 3.27) Variation of the band gap energy of Cu1-xMnxFe2O4 (x = 0.0, 0.2,
0.4, 0.6, 0.8 and 1.0) system.

3.4.5.2 PL spectra
In order to study the defects and other impurity states of the system,
photoluminescence (PL) spectra of the Mg-doped CuFe2O4 samples were
recorded. Fig. 3.28 shows room temperature PL spectrum of Cu1- xMgxFe2O4
where x = (0.0 , 0. 2 , 0. 4 , 0. 6 , 0. 8 and 1.0) . The excitation was recorded at

wavelength 400 nm. All the samples showed the characteristic near-band-edge
(NBE) emission of pure and Mg-doped CuFe2O4 at around 460 nm. A broader
visible emission band was obtained for all the samples centered at 460 nm, and
is attributed to the recombination of electrons deeply trapped in oxygen
vacancies with photo generated holes [144]. As we increase the doping
concentration of Mg into CuFe2O4, overall intensities of the peak for all the
samples decrease. This behavior can be attributed to the appearance of new
electronic levels between the conduction and the valence band and might be due
to the increase in intrinsic defects [86].
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Fig.( 3.28) Photoluminescence spectra of Cu1-xMgxFe2O4 ferrite at x= (0.0
,0.2 ,0.4 ,0.6 ,0.8 ,1.0)
Conclusions for Cu1-xMgxFe2O4
Copper ferrite nanoparticles doped with Mg, were successively synthesized by
a co-precipitation chemical method, with different concentration of Mg , where
the product Cu1-xMgxFe2O4,(x= 0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,and 1.0) The results
obtained.
 XRD which confirms that Cu1-xMgxFe2O4 ferrites have a cubic spinel
with particle size 12.1-13.5 nm.
 TEM shows the formation of a nearly spherical particles .
 EDX it reveals that no traces of other elements were found in the spectra
confirms the purity of the samples.
 PL spectra exhibits two broad emission bands .
 UV– vis absorption spectroscopy shows that the energy band gap of the
synthesized Cu1-xMgxFe2O4 nanoparticles decreases by

increasing

doping contents, But in max concentration increases It was in the range
from 3.72 to 3.5 eV.
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Conclusions
Copper ferrite nanoparticles doped with metals (Zn, Ni, Mn, and Mg) were
successively synthesized by a co-precipitation chemical method, with a different
concentration of metals , where the product is Cu1-xMxFe2O4 ,( M=Zn ,Ni ,Mn
and Mg) ,(x= 0.0 ,0.2 ,0.4 ,0.6 ,0.8 ,and 1.0). The obtained conclusions below:
 X-ray diffraction confirmed that Cu1-xMxFe2O4 ferrites have a cubic
spinel structure as matched with JCPDS card. It is observed that both
the crystallite size and the lattice parameter of nano ferrites are found
to increase with increasing doping content.
 TEM analysis for Cu1-xMxFe2O4 nanoparticles confi rm ed showed
the formation of a nearly spherical particles that possess average size
of 9 - 25 nm.


The elemental composition of Cu1-xMxFe2O4 obtained EDX, and it
reveals that no traces of other elements were found in the spectra which
confirms the purity of the samples

 PL spectra exhibits two broad emission bands . These bands
correspond to the presence of the indirect and direct band gaps of
synthesized nanocrystals.
 UV– vis absorption spectroscopy shows that the energy band gap of
the synthesized Cu1-xMxFe2O4 nanoparticles decreases by increasing
doping contents, In the range from 3.92 to 3.00 eV.
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