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Abstract 
 

     In this study, thermal evaporation technique was used to prepare iron (Fe) nano 

films deposited on glass substrates, with thickness of 75 nm and with different 

annealing temperatures of 200°C, 300°C, and 400°C and different annealing time 

at 200 °C for 3 and 4 hours by thermal evaporation. From X-ray diffraction (XRD) 

analyses avowed the formation of hematite phase for crystalline tetragonal 

structure (γ-Fe2O3) and maghemite hexagonal crystal structure (α-Fe2O3).  

Annealing at different temperature and time in the presence of air leads to 

oxidation and  reveal the different phases of iron oxide  maghemite and hematite. 

The average crystallite size of Fe nanofilms increased with increasing annealing 

temperature and  time. It increased from 15.12 nm as-deposited to 21.67 nm at  

200°C for 4 hours. Atomic force microscope (AFM) images of iron oxide 

nanofilms showed a high surface homogeneity in which the distribution of 

crystalline granules is uniform which is evident from the convergence of the 

roughness and root mean square (RMS) values. The roughness and root mean 

square (RMS) values were increased from 1.1 nm and 1.43 nm as-deposited 

nanofilm to 8.35 nm and 10.6 nm annealed at 200 
o
C  for 4 hours. Scanning 

electron microscope (SEM) images showed that the assemblies of nanoparticles in 

the form of a flowers are spread on the surface, which appeared in all the 

deposition glass samples, especially at a temperature of 200 
o
C. The optical 

properties results showed that the absorbance increases with increasing annealing 

temperature in the UV region and then reduces in the visible and NIR  regions, 

while the transmittance reduce with increasing annealing temperature in the UV 

region and then increase in the visible and NIR regions. The optical measurement 

showed that the Fe nanofilms have allowed direct energy gap (Eg). The Eg 



ii 

 

decreased with increasing annealing temperature and time respectively. It is 

decreased from 3.48 eV as-deposited to 3.33 eV at 400 
o
C for 2 hours  and from 

3.48 eV as-deposited to 3.40 eV at 4 hours for 200
o
C. The optical constants such as 

absorption coefficient, extinction coefficient, refractive index and real and 

imaginary parts of dielectric constant also were studied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

 

Table of Contents 

 

 

Paragraph 

No. 
Subjects 

Page 

No. 

 Abstract I 

 Table of Contents III 

 List of Tables V 

 List of Figures VI 

 List of symbols IX 

 List of Abbreviations   X 

Chapter one 

Introduction 

1.1 Introduction  1 

1.2 Literature Review 4 

1.3 The Aim of Work 8 

Chapter two 

Theoretical part 

2.1 Introduction 9 

2.2 Structure of Iron (Fe) 9 

2.3 Iron Oxide 10 

2.4 Nanomaterial's  12 

2.5 Thermal Evaporation Techniques 15 

2.6 Structural and Morphological Properties 16 

2.6.1 X- Ray Diffraction (XRD) 16 

2.6.2 Scanning Electron Microscopy (SEM) 18 



iv 

 

2.6.3 Atomic Force microscopy (AFM) 19 

2.7 Optical Properties 20 

2.7.1 
Ultraviolet - visible spectroscopy or 

Ultraviolet-visible 
22 

2.8 Crystal defects 23 

2.8.1 Crystal Defects Classification 24 

Chapter three 

Experimental Procedures and Measurements 

3.1 Introduction 26 

3.2 material Used 26 

3.3 Substrate Preparation 28 

3.4   Evaporation Boat    28 

3.5 The Coating Unit 29 

3.6  Thin Film Growth 30 

3.7   Thickness Measurement 31 

3.8.1 Optical measurement method 31 

3.8.2 The weight method 32 

3.9 
Structural and Morphological 

Measurements 
32 

3.9.1 X-ray diffraction (XRD) 32 

3.9.2 Scanning Electron Microscopy (SEM) 33 

3.9.3 Atomic Force Microscope (AFM) 34 

3.9.4 Optical Measurement 34 

Chapter four 

Results and Discussion 

4.1 Introduction 36 

4.2 Structural and Morphological Properties 36 

4.2.1 
X-ray Diffraction of different annealing 

temperature Fe 
36 

4.2.2 Atomic Force Microscope (AFM) 41 



v 

 

 

 

 

 

 

 

 

 

 

 

 

List of Tables 
 

Table Subject Page 

2.1 Physical and magnetic properties of the iron oxide 11 

4.1 
Obtained result from the XRD for prepared 

nanofilms  
40 

4.2 Number of crystals per area  (N) and dislocation (Ϩ(. 41 

4.3 AFM of iron oxide with different annealing with time 48 

4.4 
Value of the direct energy gap for all the Fe 

nanofilms with different annealing temperature. 
61 

4.5 
Value of the direct energy gap for all the Fe 

nanofilms with different annealing time. 
61 

 

List of Figures 

Figure Subject Page 

2-1 
Structure of Iron: (a) Body center cubic (bcc)m (b) face 

center cubic (fcc) 
9 

2-2 
Hematite, magnetite, and maghemite all have the same 

crystal structure. The black ball is Fe2+, the green ball 

is Fe3+, and the red ball is O2. 

11 

4.2.3 Scanning Electron Microscopy    (SEM) 48 

4.3 Optical properties 55 

4.3.1 Absorbance (A) 55 

4.3.2 Transmittance (T) 56 

4.3.3 The absorption coefficient (α) 58 

4.3.4 The Energy Gap 59 

4.4 Conclusion 67 

4.5 Suggestions for Future Work 68 

 Referance 69 



vi 

 

2-3 
Schematic representation of the ‘bottom up’ and 

‘top down’ synthesis processes of nanomaterials 
13 

2-4 

Classification of nanomaterials (a) 0D nanomaterials 

(b) 1D nanomaterials   (c) 2D nanomaterials (d) 3D 

nanomaterials 

14 

2-5 Thermal Evaporation in a resistive heated boat 15 

2-6 Resistive Heating 16 

2-7 Bragg diffraction
 

18 

2-8 Scanning Electron Microscopy (SEM)[ 19 

2-9 Atomic Force Microscopy 20 

2-10 UV – Visible Spectrophotometer 23 

3-1   Schematic diagram of experimental work. 27 

3-2 Molybdenum boat   28 

3-3 Thermal evaporation system 29 

3-4 Basic steps deposition processes 30 

3-5 Optical thin film measurement 31 

3-6  System of the XRD 33 

3-7 System of the SEM 33 

3-8 System of AFM 34 

3-9 Photographic of UV-VIS-NIR spectrophotometer 35 

4-1 XRD spectrum of as-deposited Fe nanofilm 38 

4-2 
XRD spectrum of iron oxide nanofilm annealed at 

200
o
C for 2 hours 

38 

4-3 
XRD spectrum of iron oxide nanofilm annealed at 

300
o
C for 2 hours 

39 

4-4 
XRD spectrum of iron oxide nanofilm annealed at 

400
o
C for 2 hours 

39 

  4-5 

XRD spectrum of iron oxide nanofilm annealed at 

200
o
C  for 3 hours 39 

  4-6 
XRD spectrum of iron oxide nanofilm annealed at 

200
o
C  for 4 hours 

40 

4-7 AFM images of iron oxide nanofilms as-deposited for 42 



vii 

 

a)3D, b) Histogram grain and c) Height distribution 

with data report 

4-8 

AFM images of iron oxide nanofilms annealing at 200
o
C 

for 2h  for a) 3D, b) Histogram grain and c) Height 

distribution with data report 
43 

4-9 

AFM images of iron oxide nanofilms annealing at 300
o
C 

for 2h  for a) 3D, b) Histogram grain and c) Height 

distribution with data report 
44 

4-10 

AFM images of iron oxide nanofilms annealing at 400
o
C 

for 2h  for a) 3D,  b) Histogram grain and c) Height 

distribution with data report 

45 

4-11 

AFM images of iron oxide nanofilms annealing at 200
o
C 

for 3h  for a) 3D,  b) Histogram grain and c) Height 

distribution with data report 

46 

4-12 

AFM images of iron oxide nanofilms annealing at 200
o
C 

for 4h  for a) 3D,  b) Histogram grain and c) Height 

distribution with data report 

47 

4-13 
SEM of as deposited iron nanofilm at different 

magnification   
49 

4-14 
SEM of iron oxide nanofilm annealed at 200

o
C  for 2 

hours at different magnification 
50 

4-15 
SEM of iron oxide nanofilm annealed at 300

o
C  for 2 

hours at different  magnification 
51 

4-16 
SEM of iron oxide nanofilm annealed at 400

o
C  for 2 

hours at different magnification 52 

4-17 
SEM of iron oxide nanofilm annealed at 200

o
C  for 3 

hours at different magnification 
53 

4-18 
SEM of iron oxide nanofilm annealed at 200

o
C  for 4 

hours at different magnification 
54 

4-19 
Absorbance spectra of iron oxide nanofilm with 

different annealing temperature 
55 

4-20 
Absorbance spectra of iron oxide nanofilm with 

different annealing time 
56 



viii 

 

4-21 
Transmittance spectra of iron oxide nanofilm with 

different annealing temperature 
57 

4-22 
Transmittance spectra of iron oxide nanofilm with 

different annealing time 
57 

4-23 
Absorption coefficient of iron oxide film with different 

Annealing Temperature 
58 

4-24 
Absorption coefficient of iron oxide film with different 

Annealing Time 
59 

4-25 
Direct bad gap of iron oxide nanofilm with different 

annealing temperature 
60 

4-26 
Direct bad gap of iron oxide nanofilm with different 

annealing time 
60 

4-27 
Refractive index of iron oxide nanofilm with different 

annealing temperature 
62 

4-28 
Refractive index of iron oxide nanofilm with different 

annealing time 
62 

4-29 
Extenction coefficient of iron oxide nanofilm with 

different annealing temperature 
63 

4-30 
Extinction coefficient of iron oxide nanofilm with 

different annealing time 
64 

4-31 
Real parts of dielectric constant of iron oxide nanofilm 

with different annealing temperature 
65 

4-32 
Imaginary parts of dielectric constant of iron oxide 

nanofilm with different annealing temperature 
65 

4-33 
Real parts of dielectric constant of iron oxide nanofilm 

with different annealing time 
66 

4-34 
Imaginary parts of dielectric constant of iron oxide 

nanofilm with different annealing time 
66 

 

 

 

 

 



ix 

 

List of Symbols  

Symbol description 

   Absorption 

   Energy Gap  

   Transmitted Photon Intensity 

   Incident Photon Intensity 

    Reflectance 

   Complex Refractive Index  

   Imaginary Part 

   Real Part  

     Maximum Wavelength  

a,c Lattice Constant  

Ab Absorption 

B FWHM in radians 

c Light Velocity  

D Crystallize Size 

dhkl Interplanar distance 

Eg Energy Gap 

  Plank’s Constant 

   Photon Energy  

   Incident Photon Energy  

K Kelvin 

k Extinction Coefficient   

m Mass of  the Material 

N Number of Crystals per Area 

n Refractive Index 

NL Number of Layers  

R Distance Between the Substrate and the Boat 

S Micro Stresses 

t Film Thickness  

Tm Melting Temperature 

Tr Transmittance   



x 

 

α Absorption Coefficients 

δD Dislocations  

θ Bragg
'
s Angle 

λ Wavelength 

ρ Density of  Material 

  Incident Photon Frequency 

  Velocity of Propagation  

 

 List of Abbreviations 

Symbol description 

0D Zero Deamination 

1D One Deamination 

2D Two Deamination 

3D Three Deamination 

AFM Atomic Force Microscope 

bcc Body Centered Cubic 

C.B Conduction Band  

fcc Face Centered Cubic  

Fe2O3 Iron(III) Oxide  

FWHM Full width at half maximum 

hcp hexagonal close packed  

Mo Molybdenum  

NPs nanoparticles  

PET Polyethylene Terephthalate 

PVD Physical Vapor Deposition 

RMS Root Mean Square  

RT Room Temperature 

SEM Scanning Electron Microscope 

V.B Valence Band  

XRD X-Ray Diffraction 

α-Fe alpha iron 

 



 

 

 

Chapter One      
 

Historical Review 
 

 

 

 



Chapter One                                                                  Historical Review 
------------------------------------------------------------------------------------------- 

 
1 

1.1.Introduction 

     The term "Thin Films" refers to a layer or many layers of atoms for a certain 

substance whose thickness is less than (1 μ) [1]. The majority of the physical 

properties of a thin film differ from those of its constituent elements [2]. In 

1852, scientists (Grove & Bunsen) utilised (Chemical Reaction) to create these 

films, and in 1857, scientist (Faraday) utilised (Thermal Evaporation) to create 

a thin metal film [3]. Today, thin films are of great relevance due to the 

industries that employ them. These films have been used in various fields, 

including the production of (p-n) junctions, rectifiers, reflected and anti-

reflected coatings, photographs, mirrors of two types, ordinary and thermally, 

integrated circuits, and optical communications such as light emitting diodes, 

detectors, and solar cells, etc. Based on the nature of the deposition process, 

thin oxide film deposition methods can be categorised into two groups: 

physical and chemical. Vacuum evaporation, a typical method of physical 

vapour deposition (PVD) for depositing coatings of pure materials to the 

surface of various objects, is one of the physical deposition processes. Coatings 

are typically nanometers thick for nanofilms or angstroms to microns thick for 

films and can be composed of a single material or numerous components in a 

layered structure[4]. 

     At atmospheric pressure, iron has two distinct crystal structures: the body-

centered cubic (bcc) and the face-centered cubic (fcc). The bcc α-phase is 

stable in the ground state, and at T=1184 K, α-Fe changes into fcc α-Fe, which 

is stable up to 1665 K. Iron reverts to the bcc phase (σ-Fe) above this 

temperature, which stays stable up to the melting temperature Tm = 1809 K. 

Because α-Fe and σ-Fe are isomorphic, they are typically not separated when 

discussing bcc Fe. Typically, steels with bcc and fcc structures are referred to 

as "ferrite" and "austenite" Iron's boiling point is around 3300K. A third type of 
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iron, with the structure of hexagonal close packing (hcp), can be stable under 

high pressures [5]. 

Iron oxides are iron- and oxygen-based chemical compounds. There are sixteen 

known iron oxides and oxyhydroxides, with rust, a type of iron(III) oxide, 

being the most well-known. Iron oxides and oxyhydroxides are abundant in 

nature and play crucial roles in numerous geological and biological processes. 

They are found in haemoglobin and are employed as iron ores, pigments, 

catalysts, and in thermite. It is a cheap and powerful pigment for use in paints, 

varnishes, and coloured concrete. Commonly accessible hues fall on the 

earthier end of the spectrum of yellow, orange, red, brown, and black [6]. 

Nanomaterials frequently exhibit innovative and unusual electrical, optical, 

magnetic, and chemical properties as compared to their bulk counterparts [7]. 

The specific applications of nanoparticles are determined by the nanomaterials 

in which they are involved. Nano materials are categorised as 'closely packed 

materials' and 'Nano dispersions' that include "nanostructured" materials, i.e., 

an isotropic material with a macroscopic composition consisting of compact 

Nano metre sized units, such as the fundamental replicating structural and 

functional elements [8]. 

There are eight well-known iron oxides in nature [9], of which magnetite 

(Fe3O4), maghemite (γ-Fe2O3), and hematite (α-Fe2O3) exhibit unique magnetic 

characteristics, polymorphic morphologies, and temperature-induced phase 

transitions. Magnetite and maghemite are suitable industrial and medical 

materials. Due to their unique magnetic, catalytic, and biochemical capabilities, 

both are superior to other iron oxides from a reusability standpoint [10, 11]. 

The (1-100 nm) diameter iron oxide nanoparticles utilised in magnetic data 

storage, bio sensing, drug-delivery, etc. [12-15]. The ratio of surface area to 

volume in nanoparticles (NPs) increases dramatically. This gives NPs in 

solutions a significantly better binding capacity and superior dispersibility. 
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Magnetic nanoparticles of diameters between (2-20) nm exhibit super 

Paramagnetism, meaning that their magnetization is zero in the absence of an 

external magnetic field and they can be magnetised by an external magnetic 

source. This feature increases the aqueous stability of magnetic nanoparticles 

[16].Magnetite possesses an inverted spinel crystal structure, with oxygen 

producing a face-centered cubic crystal system. All tetrahedral sites in 

magnetite are occupied by Fe
+3

, while octahedral sites are inhabited by both 

Fe
+3

 and Fe
+2
. 

Maghemite differs from magnetite in that all or the majority of the iron is in the 

trivalent form Fe
+3

 and action vacancies are present at the octahedral sites. 

Maghemite has a cubic unit cell with 32 (O) ions, 
211/3

Fe
+3

 ions, and 2
2/3

 

vacancies in each cell. The activities are randomly distributed among the eight 

tetrahedral and sixteen octahedral locations [17]. Co-precipitation [18], High-

temperature thermal decomposition [19], Hydrothermal and solvothermal 

synthesis [20], Sol–gel reactions and polyol method [21], Micromemulsim 

[22], Sonolysis or sonochemical method [23], Microwave-assisted synthesis, 

[24], Biosynthesis [25], electrochemical methods [26], flow injection synthesis 

[27], and aerosol/vapor methods [28] were used to prepare (FeO). 

As previously stated, Fe2O3 nanoparticles have a wide variety of applications, 

including terabit magnetic storage devices, catalysis, sensors, super 

paramagnetic relaxometry, high-sensitivity biomolecular magnetic resonance 

imaging, magnetic particle imaging, magnetic fluid hyperthermia, separation of 

biomolecules, and targeted drug and gene delivery for medical diagnosis and 

therapeutics. For these uses, the nanoparticles must be coated with agents such 

as long-chain fatty acids and alkyl-substituted amines. They have been utilised 

in dietary supplement compositions. Due to their superparamagnetic features 

and prospective uses in numerous industries, [29] they have gained a great deal 

of attention. 
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1.2 Literature Review  

     This literature review analyses the literature relevant to the planned work 

and provides an overview of some studies. Fundamental and practical factors 

drive interest in nanoscale iron oxides. Iron(III) oxide (ferric oxide, Fe2O3) is 

polymorphic and one of the most fascinating iron oxides. Its biochemical, 

magnetic, catalytic, and other qualities make it appropriate for certain technical 

and biomedical applications. High-temperature treatment is a vital step in most 

iron(III) oxide syntheses, although it typically promotes polymorphous 

transformations that generate unwanted Fe2O3 polymorph mixes..  

     Machala L.et al., in (2011) [30], discussed mechanism and kinetics of Fe2O3 

polymorphous transformations depend on intrinsic material properties 

(polymorph structure, particle size, particle morphology, surface coating, 

particle aggregation, particle incorporation within a matrix) and external 

parameters of synthetic and/or natural conditions such as temperature, 

atmosphere, and pressure. High-temperature, high-pressure Fe2O3 reactions. 

These polymorphous changes' analytical tools.   

   Mohammad .et al., in (2012) [31], reported that the reactive evaporation of 

iron in an oxygen atom-sphere produced thin coatings of hematite (α-Fe2O3). 

Substrates with and without heat were used to deposit the films. A 

polycrystalline structure composed of nano-crystallites was discovered by 

structural investigation utilising X-ray diffraction. As substrate heating 

increased, the grain size of the films rose significantly, according to atomic 

force microscopy (AFM). The optical parameters of the films, such as the 

refractive index, extinction coefficient, absorption coefficient, and band gap, 

were determined using spectrophotometric techniques. Films applied to 
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unheated substrates had refractive indexes between (1.7-2.2) whereas films 

applied to heated substrates had refractive indexes between (2.3-2.9). Direct 

and indirect band gaps were present in the films. According to the substrate 

temperature, the direct band gap was (2.18 eV) and the indirect band gap was 

(1.82-1.96 eV). 

     Yucheng. et al., in (2013) [32], High-yield, low-cost heat evaporation-

induced anhydrous method to manufacture Fe3O4 nanoparticles with graphene 

as an improved anode for lithium ion batteries. (10-20) nm Fe3O4 nanoparticles 

are tightly attached to conductive graphene sheets and act as spacers. For 

example, the Fe3O4/graphene composite has high retention capacity of 868 

mA/g up to 100 cycles at a current density of 200 mA/g
 
and 539 mA/hg up to 

200 cycles at a current density of 1000 mA/g. The straightforward method 

prepares anode materials for lithium ion batteries. 

     Eunice  . et al., in (2015) [33] , Hematite (α-Fe2O3), magnetite (Fe3O4), and 

maghemite (γ-Fe2O3) are polymorphs of iron oxide. Nanoparticulate solid 

propulsion materials, including hematite and maghemite, decompose 

ammonium perchlorate well. Their particle size, more active sites, and high 

surface area facilitate gas adsorption during thermal oxidation processes, 

boosting their catalytic effect. Metallic iron nanoparticles can be made by co-

precipitation, sol-gel, microemulsion, or thermal decomposition. Although the 

literature contains information on these synthetic processes, it lacks 

information on nanoparticulate oxides and their characterisation. 

     Diana and Yong 2016 [34], reported Iron oxide nanoparticles were 

produced by precipitating sodium hydroxide and ammonium hydroxide in 

isobutanol. Isobutanol acted as a surfactant during the synthesis. The 

nanoparticles were calcined for 100 minutes to five hours between 300 and 600 

o
C. FTIR (Fourier-transform infrared) and XRD (X-ray diffraction) analysis of 

the samples showed the synthesis of γ-Fe2O3 (maghemite) from Fe3O4 

https://www.researchgate.net/profile/Eunice-Campos
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(magnetite) during calcination at 300°C. SEM was used to investigate the 

morphology and particle size (scanning electron microscope). 11–22 nm 

nanoparticles produced with 0.09M ferrous chloride demonstrated 

superparamagnetic characteristics. α-Fe2O3 nanoparticles were produced with 

ferrous chloride and ammonium hydroxide at 75
o
C and calcined at 530

o
C for 2 

hours (hematite). 

     Yazirin, C. et al., in (2017) [35] , examine the phase and shape of iron oxide 

(Fe2O3) powder that has been sintered for 1 hour, 2 hours, and 3 hours with 

ethylene glycol as a solvent. The instruments used for characterization were 

XRD, SEM-EDX, and FTIR. XRD research revealed that the Fe2O3 sintered 

for one hour had the smallest crystallite size, measuring 21.05 nm in diameter. 

During the XRD test, the X-ray beam was directed directly at the grain being 

evaluated. SEM research revealed that Fe2O3 sintered for one hour generated 

the best results due to its crystallite size of 12.36 nm and nanosphere-like form; 

the period of sintering had a significant impact on the grain size of iron oxide 

(Fe2O3). According to the results of the elemental composition analysis, the 

longer the sintering process, the higher the concentration of oxygen, but the 

lower the concentration of iron. 

     Suturin . et al., in (2018) [36], Epitaxial iron oxides on GaN(0001) surface 

were polymorphized. Fe3O4, γ-Fe2O3, ε-Fe2O3 and α-Fe2O3 have been stabilised 

using single target Laser MBE technology. It is possible to fabricate single 

phase layers by varying the substrate temperature, buffer gas composition, and 

pressure. On GaN, the X-ray diffraction (XRD), atomic force microscopy 

(AFM), as well as the electrical and magnetic properties of single phase iron 

oxide epitaxial films have been investigated.The electrical, magnetic, and X-

ray diffraction properties of single phase iron oxide epitaxial films on GaN 

have been examined.  

     Natarajan .et al., in (2019) [37].  described the structural and magnetic 

properties of magnetic iron oxide nanoparticles (MIONPs), specifically 
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magnetite, maghemite, and hematite, followed by essential synthetic methods 

that can be used for biological applications. In vivo cytotoxic effects and 

surface modifications to eliminate cytotoxicity wer also studied. Surface-

modified MIONPs are used in medical and industrial platforms for global 

health. 

 

     Coduri M. et al., in (2020) [38] investigated the structural and magnetic 

changes caused by shrinking maghemite-Fe2O3 crystals. XRD and TEM crystal 

sizes agreed. Except for Aldrich, which has a size distribution of up to 100 nm, 

the other three specimens studied have a size distribution of 10–15 nm for 

Iolitec, 4–5 nm for P520, and 2 nm for P200. 

     Khadayeir et al., in (2022) [39], α-Fe2O3 thin layer was produced on a glass 

substrate using chemical spray pyrolysis at 450°C to examine the effect of cold 

plasma on self-cleaning and antibacterial capabilities. XRD, FESEM, EDS, and 

AFM were utilised to examine α-Fe2O3 thin layers before and after plasma 

injection. Wetting and antibacterial properties of iron oxide (hematite) thin film 

were investigated in the presence of gram-negative and gram-positive bacteria 

before and after plasma injection. Plasma exposure      α-Fe2O3 thin film affects 

shape, self-cleaning, and antibacterial properties. 
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1.3 The Aim of Work 

     The aims of this work is to prepared the iron oxide nanofilms  from iron 

using thermal evaporation method after subjected to different annealing 

temperature and time. Other objectives can be achieved through this research 

such as study of structural , morphological  and optical properties of the 

prepared devices for some application. 

 

 

 

 

 



 

 

Chapter Two 

 
Theoretical 

Consideration 
 
 



Chapter Two                                             Theoretical Consideration 
------------------------------------------------------------------------------- 

 

 

     8 
 

2.1 Introduction 

This chapter cover the general description of the theoretical side-parts of 

the structural, morphological, optical measurements and gives a 

satisfactory review including all the relations, scientific explanations which 

are used in this thesis. 

2.2 Structure of Iron (Fe) 

     Iron's atomic weight is 56, compared to Al's 27, Pb's 207, and C's 12. At 

normal temperature, iron's atoms form a body-center cubic lattice (bcc). 

The smallest recurring 3D pattern is a cube with an atom at each corner and 

one in the middle. Figure (2.1(a)) shows ferrite [40]. 

 

If iron is heated to 910°C, it adopts a pattern in which one atom sits in the 

middle of each planar square of the former bcc pattern. Face centre cubic is 

the new pattern (fcc). Austenite figure (2.1(b)) [41]. 

 

 

 

 

 

(a)                                                          (b) 

Fig.(2.1) Structure of Iron: (a) Body center cubic (bcc)m (b) face center cubic (fcc) 

[40,41]. 
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2.3 Iron Oxide 

     The inorganic chemical known as iron oxide can be found in many 

different forms in nature. The most frequent chemical formulas for iron 

oxide nanoparticles are Fe3O4 as magnetite and 𝛾-Fe2O3 (maghemite) and 

α-Fe2O3. Both magnetite and maghemite have features that make them 

suitable for use in biomedicine, including strong saturation magnetization 

and superparamagnetic behaviour. Calcination in air changes magnetite 

(Fe3O4) into maghemite (Fe2O3) by the following chemical reaction:              

4 Fe3O4 + O2      6 𝛾-Fe2O3.  

Iron cations are found in either octahedral or tetrahedral interstitial 

positions, and the crystal structure of all three iron oxides may be 

characterised in terms of closely packed planes of oxygen anions. Both 

magnetite and maghemite have the same structure, but maghemite contains 

cationic vacancies in one-third of the octahedral sites, whereas magnetite 

has Fe
3+

 in all of the tetrahedral sites and both Fe
3+

 and Fe
2+

 in the 

octahedral sites [42]. Magnetite has a spinel structure. The degree of 

vacancy ordering decreases with decreasing particle size, and there is no 

vacancy ordering in maghemite smaller than about 20 nm as mentioned by 

Haneda and Morrish [43] . 

Maghemite (𝛾-Fe2O3) is appears either in a cubic structure with the space 

group P4332 with the presence of disturbances in the crystal structure is 

partial iron voids or in the structure of tetragonal with group of space 

P41212 with full site ordering and has  c/a = 3. This means that the cubic 

structure is partly irregular and the tetragonal structure is completely 

regular, therefore, the structure that appears with the space group P41212 is 

already more stable, and this stability appears as a result of favorable 

electrostatic contribution. Therefore, this structure exhibits the highest 
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possible degree of uniformity in regard to the distribution of cations and 

vacancies [44]. 

Hematite (α-Fe2O3) is the most common form of iron oxide found in rocks 

and soils. It is also the most stable form of iron oxide, exhibiting 

ferromagnetic properties and high saturation magnetization [42,43].  

Hematite is the earliest known of the iron oxides. As illustrated in 

figure(2.2), iron(III) cations, which are present in hematite, fill 

approximately two-thirds of the octahedral sites that are limited by the 

 nearly perfect hexagonal close-packed oxygen lattice.. hexago, As shown 

in figure (2.2) [45].  

 

 

Fig.(2.2) Hematite, magnetite, and maghemite all have the same crystal structure. 

The black ball is Fe2+, the green ball is Fe3+, and the red ball is O2. 

 

Table (2-1) summarizes the most prevalent iron oxide's physical and 

magnetic properties (2-1). 
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Table (2-1) Iron oxide's physical and magnetic properties 

Property 
Oxide 

hematite magnetite maghemite 

Molecular formula 𝛼-Fe2O3 Fe3O4 𝛾-Fe2O3 

Density(g/cm
3
) 5.26 5.18 4.87 

Melting point (C) 1350 1583-1597 - 

Type of magnesium  
Weakly  ferromagnetic or 

antiferromagnetic  
Ferromagnetic Ferrimagnetic 

Crystallographic 

system 

Rhombohedral , 

hexagonal 
Cubic 

Cubic or 

tetrahedral 

Lattice parameter 

(nm) 

a=0.5034, c=1.375 

(Hexagonal) 

aRh= 0.5427, 𝛼=55.3
o 

Rhombohedral 

𝛼=0.8396
o
 

a=0.5034, 

c=1.375 

(Hexagonal) 

aRh= 0.5427, 

𝛼=55.3
o 

Rhombohedral 

Energy gap (eV) 0 0 0 

 

2.4 Nanomaterial's 

The term "nanomaterial" is used to describe materials in which a single unit 

is small in size (in at least one dimension) compared to the typical 

definition of "nanoscale," which is defined as the "length range 

approximately from 1 nm to 100 nm." This covers nanoobjects in their 

entirety [47]. 

Utilizing recent advancements in materials metrology and synthesis that 

have been created in support of microfabrication research, the research 

carried out by Nanomaterial brings a materials science-based approach to 

the field of nanotechnology. Materials that have structure on the nanoscale 

typically exhibit properties that are one of a kind in the optical, electrical, 

thermophysical, or mechanical realms [48-50]. Nanomaterials are inching 

their way toward commercialization [51] and are starting to appear as 

potential commodities [52]. 
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Both the synthesis of nanomaterials and the manufacturing of 

nanostructures can be done in either a top-down or bottom-up fashion. Both 

methods are self-evidently viable. The two different strategies are depicted 

in figure (2.3). Milling or attrition is an example of a typical top-down 

approach used in the production of nanomaterials [53-55]. 

 

Fig. (2.3): Schematic representation of the ‘bottom up’ and ‘top down’ 

synthesis processes of nanomaterials [55] 

The number of dimensions that are in the nano range (less than 100 

nanometers) is used to classify nanomaterials [56], as illustrated in Figure 

(2.4) [57]: 

1. 0D nanomaterials have no dimensions that are greater than 100 

nanometers, meaning that all of the dimensions are contained inside the 
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nanoscale. The nanoparticle serves as the most typical example for this 

classification. Nanoparticles can have a variety of different structures, 

including crystalline or amorphous, metallic or ceramic, or polymeric. 

2. One-dimensional nanomaterials have at least one dimension that falls 

within the nano range. This results in materials having a single dimension 

at the nanoscale and taking the form of needles. Nanoplatelets, nanorods 

and nanoclays, are examples of several types of 1D nanomaterials. 

3. Nanomaterials with two dimensions in the nano range are referred to as 

2D. Nanofibers, nanotubes, nanorods, and whiskers are examples of several 

types of 2D nanomaterials. nanosheets made of carbon are an excellent 

example of a 2D nanomaterial. 

4. All three dimensions are present in 3D nanomaterials. 3D nanomaterials 

include nanogranules and nanoclays. 

 

Fig.(2.4): Classification of nanomaterials (a) 0D nanomaterials (b) 1D nanomaterials              

(c) 2D nanomaterials (d) 3D nanomaterials [57] 
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2.5 Thermal Evaporation Techniques 

      Evaporation is a technology that is frequently used for the deposition of 

thin films. Evaporation of the source substance takes place in a vacuum. 

The vacuum makes it possible for vapour particles to move directly to the 

target item (substrate), where they can then return to a solid state after 

having been in a vapour state. In addition to its usage in microfabrication, 

evaporation is also put to use in the production of macro-scale goods, such 

as the metallized plastic sheet illustrated in figure (2.5). 

 

Thermal Evaporation in a resistive heated boat [58] Figure (2.5) 

The manufacture of aluminized PET film packaging film using a roll-to-

roll web system is a significant example of an evaporative process. Since it 

is possible to deposit a thinner coating of aluminium on this material for a 

lower cost than a thicker layer, the aluminium layer in this material is 

frequently not thick enough to be totally opaque. Aluminum serves 

primarily to insulate the product from the external environment by forming 

a barrier that prevents the passage of light, oxygen, or water vapour. This is 

the primary function of the aluminium. 
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As can be seen in figure (2.6), evaporation is a technique that is frequently 

employed in microfabrication to deposit metal films [58-60].

 

Figure (2.6) Resistive Heating[60] 

Briefly the advantages of induction-heated thermal [59] : 

1. A low level of contamination in the thin films that were deposited. 

2. An improvement in the ability to control the rate of deposition. 

3. It is possible to add larger charges into each deposition run. 

2.6 Structural and Morphological Properties 

In order to get exact information about the crystal structure, surface 

morphology, particle size etc. The structural properties of the films were 

studied by X- ray diffraction (XRD).  The morphology of surface thin films 

was studied by field emission scanning electron microscopy (FE-SEM). 

The mechanical imaging was studied by atomic force microscopy (AFM). 

2.6.1 X‐ Ray Diffraction (XRD) 

The X-ray diffraction technique (XRD) is an effective method for 

determining the crystal structure and lattice parameters. The Bragg 
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spectrometer is an essential piece of equipment for any investigation of this 

nature. Bragg's law is the name given to the mathematical formula that 

describes the angle at which a beam of X-rays with a specific wavelength 

diffracts from the surface of a crystalline material. This formula was found 

by William H. Bragg and W. Lawrence Bragg. [61]. 

 

                                                       (2.1) 

Wherever,    is wavelength of the X-ray,   is Bragg diffraction angle of the 

XRD peak in degree (scattering angle), and dhkl = d/n is inter-planar 

distance, as shown in Figure (2.7). 

The deposit size is determined from the FWHM of the most intense 

diffraction line using Debye Scherrer's formula [62]. 

𝐷𝑆 = K   / 𝛽 𝑐𝑜𝑠                                  (2.2) 

In this equation, K is a constant regardless of the structure type, and DS is 

the crystallite size, β is (FWHM) in radians.  

The c-lattice constant of a hexagonal structure might deviate if the micro 

stresses (S) in the lattice are stretched or compressed during the formation 

of thin films [62]. Based on the relationship, this micro strain can be 

determined [63]. 

𝑆 = 𝛽 𝑐o𝑠   / 4                                      (2.3) 

Dislocation density (𝛿𝐷) is the number of dislocations per unit volume of 

crystalline material. [64] 

𝛿𝐷 =  
 

  
                                                      (2.4) 

Microstructural factors like film texture can control electrical 

characteristics of polycrystalline thin films[65]. According to percolation 
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theory, the number of crystals per area (N) depends on film thickness (t). 

[66]: 

     
 

  
                                    (2.5) 

 

The number of layers can be calculated from [66] : 

    
 

  
                                 (2.6) 

 

 

 

 

 

 

 

 

 

Figure (2.7) Bragg diffraction[61]. 

 

2.6.2 Scanning Electron Microscopy (SEM) 

SEM is a common tool in material research labs. Electrons are 

employed instead of light waves to observe a specimen's microstructure. 

Because electrons are accelerated to high energies (KeV), their 

wavelengths are tiny and their resolution is high. SEM is used to measure 

gate widths, gate oxides, film thicknesses, fabrication details, minor 

contamination feature shape, and elemental composition as shown in 

Figure (2.8) [67,68]. 
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Fig.(2.8) Scanning Electron Microscopy (SEM)[68] 

 

2.6.3 Atomic Force microscopy (AFM) 

AFM evaluates surface topography and physical characteristics with a 

sharp probe. The probe is sharpened so it can interact with the surface's 

force fields. The probe is scanned so that forces remain constant [69]. The 

surface image is then recreated by tracking the probe's precise motion as it 

scans across it. The probe is scanned raster-style. (AFM) analyses in order 

to find the average grain size and surface topography at atomic scale of the 

samples, as shown in Figure (2.9) [70]. 
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Figure (2.9) Atomic Force Microscopy[70] 

2.7 Optical Properties 

Many optical qualities are related to electrical and electronic properties. 

Intrinsic effect affects semiconductor optical characteristics. Depending on 

the placement of the valence band (V.B.) and conduction band (C.B.) in the 

band structure, electron-hole pair production occurs directly or indirectly. 

Visible transparency varies on deposition process and thickness [71,72]. 

Fundamental absorption involves the movement of electrons from the 

valence to the conduction band, resulting in a quick rise in absorption that 

can be utilized to calculate the semiconductor's energy gap [73]. 

The semiconductor absorbs energy photons (h υ) from the incident beam, 

where (h) is Plank's constant and (υ) is the input photon frequency. 

If photon energy (h υ) is equal to or greater than energy gap (Eg), photon 

can interact with valence electron and generate electron–hole pair [74]. The 

incident photon's maximum wavelength (  max) is [75]: 

     
  

  
 

    

       
                                              (2.7) 
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     The intensity of the photon flux decreases exponentially with distance 

through the semiconductor according to Beer's law [76]: 

      
                                                            (2.8) 

Where (Io, IT) represent the intensity of the incident and transmitted 

photons, (α) represents the absorption coefficients given in Eq. (2.3), which 

are defined as the number of photons absorbed per unit distance of the 

semiconductor, and (t) represents the thickness of the film. [77]: 

       
  

 
                                                      (2.9) 

Where    ) is the absorption. 

Direct and indirect radiation absorption lead to electronic transitions 

between the valence and conduction bands. Tauc equation describes 

transitions [78]: 

              
                                          (2.10) 

For direct and indirect optical transitions, (hv) is the incident photon 

energy, and (r) is a constant constant that takes the values (1/2, 3/2, 2, and 

3) depending on the material and the type of optical transition whether it is 

direct or indirect [79,80]. The optical constants are vital parameters since 

they describe the material's optical behaviour. The material's absorption 

coefficient is highly dependent on photon and band gap energies. If the 

absorption coefficient is large (α>10
4
), direct electronic transmission is 

conceivable [81]. Refractive index (n), extinction coefficient (k), real (𝜀 ) 

and imaginary (𝜀 ) dielectric constant parts. 

complex refractive index (  ) [74]: 

 

                                                                (2.11) 
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It's connected to propagation velocity ( ) and light speed (c) by: 

  
 

  
                                                                  (2.12) 

The refractive index is computed as follows [75]: 

  (
   

       
   )

 
 ⁄
 

      

      
                         (2.13) 

Where      is the reflectance, which is calculated by using equation [82]: 

Re =1 -Tr -Ab                                                 (2.14) 

Where (Tr) is the transmittance, (Ab) is the absorption. 

The extinction coefficient is defined as [76]: 

  
  

  
                                                               (2.15) 

Where (λ) is the incident radiation's wavelength. The real part (𝜀   and 

imaginary part (𝜀   of dielectric constant can be calculated by using the 

following equation [83]: 

                                                        (2.16) 

The real and imaginary dielectric coefficient can be written as in 

following equation [70]: 

                                                              (2.17) 

                                                                   (2.18) 

2.7.1 Ultraviolet - visible spectroscopy or Ultraviolet-visible 

UV-Vis or UV/Vis spectrophotometry is absorption or reflectance 

spectroscopy in the ultraviolet-visible spectrum. It uses visible and near-

UV/NIR light. The substances' visual absorption or reflection impacts their 

apparent hue. Here, molecules undergo electronic transformations. 
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Absorption spectroscopy is complementary to fluorescence spectroscopy 

since fluorescence measures ground-to-excited state transitions[84]. 

Molecules with π-electrons or non-bonding electrons (n-electrons) can 

absorb UV or visible light to excite these electrons to higher anti-bonding 

orbitals[85] as shown in Figure (2.10). 

 

Figure (2.10) UV – Visible Spectrophotometer [85] 

2-8 Crystal defects 

A perfect crystal with every atom in the right place doesn't exist. Crystals 

usually have point defects at a single lattice point, line flaws along a row of 

atoms, and plane defects throughout a two-dimensional surface. Void faults 

are also possible [85]. 

Defective crystals: Flaws: Any variation from a crystal's flawless atomic 

arrangement causes flaws. A crystalline defect is a lattice imperfection with 

atomic-scale dimensions [86]. 

Crystalline faults fall into 4 kinds [87]. 



Chapter Two                                             Theoretical Consideration 
------------------------------------------------------------------------------- 

 

 

     13 
 

1. Zero-dimensional: Lattice-point defects 

2. One-dimensional: Linear atom defects (dislocations) 

3. Two-dimensional: Crystal surface planar faults 

4. Volume (bulk) (void) deficiencies 

Many imperfections alter solids' electrical and mechanical characteristics, 

and many defects are responsible for beneficial properties. Defects may 

seem undesirable, but they are vital to the behavior of materials. Almost all 

material technology relies on flaws [88]. 

Adding alloying elements to a metal can cause crystal defects. 

Imperfections in crystals affect several attributes such as strength, electrical 

conductivity, and ferromagnetism hysteresis loss. Thus, defects and host 

crystals regulate several crucial crystal properties[88]. 

1. Some semiconductors' conductivity is attributable to a trace amount 

of chemical contaminants. 

2. Many crystals' colour and brilliance come from impurities. 

3. Impurities can speed up atomic diffusion. 

4. Imperfections usually control mechanical and plastic properties. 

2.8.1 Crystal Defects Classification 

The four forms of crystal defects are [89]: 

1. Point defects are missing or misplaced atoms in the lattice. contain 

(Vacancy, Schottky, Self-interstitial, Frenkel, colour centers, 

polarons, excitons). 

2. Atoms in linear faults are misplaced. Dislocations are linear flaws. 

Line imperfection is any variation from exactly periodic atom 

arrangement. Line defects are lattice distortions caused by 



Chapter Two                                             Theoretical Consideration 
------------------------------------------------------------------------------- 

 

 

     14 
 

solidification, plastic deformation, vacancy condensation, or atomic 

mismatch in solid solutions. A dislocation is a line defect in the slip 

plane that separates the slipped and un-slipped regions. Stress moves 

dislocations. Dislocations control metals' strength and ductility.Two 

extreme dislocations are (Edge dislocations, Screw dislocations). 

 

3. Surface defects are boundaries in crystalline solids that feature two-

dimensional flaws and/or differing crystal structures and/or 

crystallographic orientations on either end. They refer to distortions 

around a few atomic-diameter-thick surface. External surfaces, grain 

boundaries, twin boundaries, stacking faults, phase boundaries. 

Meta-stable flaws, not thermodynamically stable. Line faults form a 

plane. 

 

4. Volume defects Volume faults are 3-D. Pores, fissures, foreign 

inclusions, and phases During processing and production, these flaws 

occur. All these faults might raise stress, affecting the parent metal's 

mechanical behaviour. Foreign particles are sometimes added to 

reinforce the parent substance. Foreign particles act as impediments 

to dislocation migration, allowing plastic deformation. Second-phase 

particles can either be cut by dislocations or resist cutting, forcing 

dislocations to bypass them. Ordered particles give many superalloys 

high-temperature strength. Porosity reduces load-bearing area and 

increases stress.. 
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3.1 Introduction 

This chapter focuses on the details of the experiments used to make iron 

oxide nanofilms using the thermal evaporation method. Thin films were 

made and tested by X-ray diffraction (XRD), scanning electron 

microscopy (SEM), and atomic force microscopy (AFM). Also look into 

the spectroscopy of the optical properties. Figure (3.1) shows a diagram 

of the experimental work, from the materials to the characterization of the 

films. 

3.2 Material Used: 

    Iron powder (Fe): It  was observed as powder from 3302 Twig Leaf 

Ln, Houston, TX 77084, USA, with grain size 1 μm and high purity     

(99 %). 
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Fig.(3.1)  Experimental work shown as a diagram 
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 3.3 Substrate Preparation 

   As substrates, 0.1–0.12 cm thick glass slides with a (2×2) cm
2
 area 

were used. The following things were done to these glass slides: 

1. Alcohol was used to clean the substrates. 

2. The substrates were put in a clean beaker with distilled water and 

then washed for 10 minutes with an ultrasonic cleaner. 

3. The glass substrates were then dried with an air jet and smoothed 

with soft paper. 

3.4 Evaporation Boat 

The most commonly used materials for evaporation boat are metals 

with a high melting point, such as tungsten (W) (M.P = 3370
 o

C), and 

molybdenum (Mo) (M.P = 2622 
o
C). In this work, one  type  of  boat 

were used for the evaporation which is molybdenum boat for the 

deposition of Fe nanofilms, as shown in figure (3.6). 

 

Fig.(3.2) Molybdenum boat  . 
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3.5 The Coating Unit 

     The vacuum unit system is: 

1 Edwards Auto 306. 

2 Heats evaporates using tungsten or molybdenum filaments. 

3 1x10
-7

mbar maximum chamber pressure. 

4 Typical filament currents are 100-200 A. 

5 Exposes substrate to visible or IR radiation. 

6 1.5 µm maximum deposition thickness       

 

The main constructions of the typical vacuum coating unit are shown in 

figure (3.3). 

 

Fig.(3.3) Thermal evaporation system. 
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3.6 Thin Film Growth  

      The deposition of Fe nanofilms have been performed by electrical 

resistance heated thermal evaporation process. Electrical power is 

delivered through the boat to create a vapour that passes right to the 

substrate. Any vacuum deposition technique has three steps: creating an 

evaporant from the source material, transporting the evaporant to the 

substrate, and condensing the evaporant on the substrate to produce the 

thin film as shown in figure (3.4). This work uses room-temperature 

evaporation (RT). The evaporation rate was 0.8 nm.s
-1

 at 10
-6

 mbar. 15 

cm separated source and substrate. 

 

 

 

 

 

  

 

 

Fig.(3.4) Basic steps deposition processes. 

 

 

 

Evaporate  

Substrate  
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Vacuum vessel  
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3.7 Thickness Measurement 

One of the most important things about a thin film is how thick it is. 

There are several ways to figure out how thick a thin film is. Optical 

measurement and the weight method were used to figure out how thick 

the films were. 

3.8.1 Optical measurement method   

        Optical interferometry measures film thickness. This approach uses 

laser beam interference from thin film surface and substrate bottom. The 

thickness was estimated by the difference in optical path lengths of the 

two reflections using a He-Ne laser (632 nm) as shown in figure (3.5). 

 

Fig.(3.5)  Optical thin film measurement. 
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3.8.2 The weight method  

        Thickness of the thin films has been calculated according to the 

following equation [90]: 

     
 

            ………………..….   (3-1) 

where t is film thickness (nm), m is material mass (g), is material density 

(g/cm
3
), and R is substrate-to-boat distance (cm). 

This method gives an approximate thickness because not all the material is 

deposited on the substrate but some of the material lost or fleeing on the 

sides of the heater. 

3.9 Structural and Morphological Measurements 

3.9.1 X-ray diffraction (XRD) 

  These measurements examine the thin film structure. This 

experimental technique is used to identify the overall structure of bulk 

solids, including lattice constants, unknown material identification, single 

crystal orientation, polycrystal orientation, flaws, stresses, etc. X-ray 

diffraction using SHIMADZU XRD-6000, which measures intensity 

based on Bragg's angle. System conditions: 

Source Cu Kα emits electromagnetic radiation with a wavelength of 

1.5406 Ǻ. The target value for the Cu Current is 30 mA.Voltage = 40 kV. 

Scanning speed is equal to 0.25 degrees per minute, and X-ray 

examinations are carried out at angles ranging from 0 degrees to 80 

degrees, as illustrated in the figure (3.6). 
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Fig.(3.6) System of the XRD. 

3.9.2 Scanning Electron Microscopy       

     One or two condenser lenses focus scanning electron microscopy 

(SEM) to a 0.4- to 5-nm point. The beam passes via pairs of scanning 

coils or deflector targets in the electron column, often in the last lens, 

which deflect the beam in the x and y axes so it scans in a raster way over 

a rectangular sample surface (3.7). 

Fig.(3.7) System of the SEM 
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3.9.3 Atomic Force Microscope (AFM). 

     Atomic force microscopes (AFM) allow molecular examination of 

surfaces. Instead of photos, topography data is collected. AFM measures 

the size and other properties of manufactured nanoparticles. Figure shows 

AFM operation as shown in figure (3.8). All samples are AFM 

nanoscope-studied. 

 

Fig.(3.8) System of AFM. 

3.9.4 Optical Measurement 

  The measurements of the optical components As illustrated in 

figure (3.9), one can generate thin films by employing a 

spectrophotometer with a wavelength range of 200 to 1100 nm, which 

was manufactured by the Japanese company Phillips and sold under the 

brand name Shimadzu UV-1650 PC. These optical measurements are 

used as a basis for the calculation of the optical characteristics. 
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Fig.(3.9)  Photographic of UV-VIS-NIR spectrophotometer. 
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4.1 Introduction 

        This chapter presents the results and discussion of the structural, 

morphological  and optical properties of  pure Fe nanofilms with different 

annealing temperature. These are deposited on glass substrates by thermal 

evaporation technique. 

4.2  Structural and Morphological Properties 

4.2.1 X-ray Diffraction of different annealing temperature Fe  

Figure (4.1) shows the X-ray diffraction pattern of pure iron nano films 

deposited on glass substrates by thermal evaporation technique, where the 

thickness of the film was 75 nm. The prepared  nanofilms subjected to 

different annealing temperature of 200
o
C, 300

o
C and 400

o
C for 2 hours as 

shown in figures (4.2-4.4) , also the nanofilms subjected to annealing 

temperature at 200°C for 3 and 4 hours as in Figures 4.5 and 4.6. Peaks of 

XRD were recorded between 10
o
-80

o
.                                                                                                           

Figure (4.1) display three salient diffraction peaks at 2𝜃 = 41.365
o
, 

48.156
o
  and 64.432

o 
corresponding to miller indices (100), (101) and 

(102) for crystalline hexagonal structure of Fe taken from the card file 

data (34-0529). Figure (4.2) display three salient diffraction peaks at    2𝜃 

= 15.577
o
, 26.288

o
 and 24.378

o
  corresponding to miller indices (103), 

(116) for crystalline tetragonal structure  -Fe2O3 (maghemite) taken from 

the card file data (25-1402) and (012)
*
 for crystalline hexagonal crystal 

structure  -Fe2O3 (hematite) taken from the card file data (33-0664) 

respectively. Figure (4.3) display four salient diffraction peaks at   2𝜃 = 

16.200
o
 , 26.288

o
, 30.85

0
, and 24.135

o
 corresponding to miller indices 

(103),(116) and (206) for crystalline tetragonal structure  -Fe2O3 taken 

from the card file data (25-1402) , and  (012)
*
 for crystalline hexagonal 

structure  -Fe2O3 taken from the card file data (33-0664) respectively. 
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Figure (4.4) display three salient diffraction peaks at 2𝜃 = 26.288
o
, 

31.198
o
, and 41.365

o
  corresponding to millers indices (206) and (116) for 

tetragonal crystal structure  -Fe2O3 taken from the card file data (25-

1402) , and (113)
*
 for hexagonal crystal structure  -Fe2O3 taken from the 

card file data (33-0664) respectively . 

 Figure (4.5) display five salient diffraction peaks at 2𝜃 = 14.084
o
 , 

26.288
o
 , 24.2 , 54.123

o
 and 70.014

o
  corresponding to miller indices 

(103) and (116) for crystalline tetragonal structure  -Fe2O3 taken from the 

card file data (25-1402) and (206), (116)
*
 and (208)

*
 for hexagonal 

crystal structure  -Fe2O3 taken from the card file data (33-0664) 

respectively. Figure (4.6) display two salient diffraction peaks at 2𝜃 = 

30.838
o
, and 32.176

o
  corresponding to millers indices (206) and (216) for 

tetragonal crystal structure  -Fe2O3 taken from the card file data (25-

1402). Annealing at different temperature and time in the presence of air 

leads to oxidation and  reveal the mixed phases of iron oxide  maghemite 

and hematite , implying that annealing played a role of a surfactant to 

some extent and contributed to the increase in crystallization, and here we 

must point out that the oxidation at 200
o
C  for 4 hours leads to growth of 

maghemite phase only. 

 The average crystallite size of samples annealed at different temperature  

and  time was estimated from the peak broadening of diffraction pattern 

using Scherrer's formula ( Equation 2-2) , due to finite size of crystallites.  

From these figures it can be seen that the average crystallite size 

increased with increasing annealing temperature and  time as can be seen 

in the Table (4.1). 
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 The intensity of peaks increasing with decreased annealing time which 

attributed to increase in crystallite size, which mean enhancement of 

degree of crystallite. Similar behaviour was reported in the researcher 

[35].  

The change in the values of micro strain (𝑆),dislocation density(δ),  

number of crystals per area (N), and number of layers (Nt) were 

calculation from Equations { (2-3), (2-4), (2-5) and (2-6) Respectively }  

of  nanofilms follow the change that has accompanied the crystallite size 

which is listed in Table (4.2) . It has been found that when  increase the 

annealing temperature or time the  micro strain decreases and the 

crystallite size increase, because there is no delay in crystal growth which 

is due to the pressures that can decrease the lattice energy and increase 

the driving force to growth [91]. 

Fig.(4.1): XRD spectrum of as-deposited Fe nanofilm  

 

Fig.(4.2): XRD spectrum of iron oxide nanofilm annealed at 200
o
C for 2 hours  

(103) 

(012)* 

(100) (101) 

(102) 

(116) 
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Fig.(4.3): XRD spectrum of iron oxide nanofilm annealed at 300
o
C for 2 hours  

 

Fig.(4.4) XRD spectrum of iron oxide nanofilm annealed at 400
o
C for 2 hours  

Fig.(4.5): XRD spectrum of iron oxide nanofilm annealed at 200
o
C  for 3 hours 

(012)* 

(103) 

(113)* 

(206) 
(206) 

(103) 

(116)* (208)* 

(206) 

(116) 

(116) 

(206) 

(116) 
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Fig.(4.6): XRD spectrum of iron oxide nanofilm annealed at 200
o
C  for 4 hours 

Table (4-1): Obtained result from the XRD for prepared nanofilms  

Annealing               

with time (hour) 

2θ 

Degree 
(hkl) 

FWHM  

(degree) 

a 

(A
0
) 

b 

(A
0
) 

c  

(A
0
) 

d 

(Å) 

Crystallite    

size (nm) 

Average 

crystallite  

size (nm) 

As-deposited 

41.765  (100) 0.439 2.45 2.45 3.93 2.12 18.12 

15.12 48.156 (101) 0.783 2.45 2.45 3.93 1.84 11 

64.432 (102) 0.489 2.45 2.45 3.93 1.44 16.24 

200
o
C for  2 hours 

15.577 (103) 0.351 8.34 8.34 25.02 0.568 22.84 

18.06 24.378  (012)* 0.568 5.035 5.035 13.74 0.364 14.31 

26.288 (116) 0.466 8.34 8.34 25.02 3.400 17.04 

300
o
C for  2 hours 

16.200 (103) 0.351 8.34 8.34 25.02 0.568 22.84 

18.28 
24.135  (012)* 0.522 5.035 5.035 13.74 0.364 15.56 

26.288 (116) 0.466 8.34 8.34 25.02 3.400 17.04 

30.85 (206) 0.466 8.34 8.34 25.02 0.286 17.68 

400
o
C for  2 hours 

26.288 (116) 0.466 8.34 8.34 25.02 3.400 17.04 

18.43 31.198 (206) 0.436 8.34 8.34 25.02 0.286 18.91 

41.365  (113)* 0.439 5.035 5.035 13.74 3.93 19.34 

 

200
o
C for  3 hours 

 

14.084 (103) 0.347 8.34 8.34 25.02 0.628 23.07 

19.02 

26.288 (116) 0.466 8.34 8.34 25.02 3.400 17.04 

30.838 (206) 0.466 8.34 8.34 25.02 0.286 17.68 

54.123 (116)* 0.51 5.035 5.035 13.74 0.169 17.49 

70.014 (208)* 0.489 5.035 5.035 13.74 0.134 19.83 

200
o
C for  4 hours 

30.838 (206) 0.466 8.34 8.34 25.02 0.286 17.68 
21.67 

32.176 (216) 0.322 8.34 8.34 25.02 0.277 25.67 

    -Fe2O3 (hematite phase) , and the others  -Fe2O3(maghemite phase) 

 

(206) (216) 



 Chapter Four                                                      Results and Discussion 

---------------------------------------------------------------------------------------- 

41 
 

Table (4-2): Number of crystals per area  (N) and dislocation (Ϩ(. 

Annealing               

with time 

(hour) 

 Number of 

crystals per 

area (N)(nm)
-2

 

Dislocation 

)δ  (  (Line/nm
2
)
 
 

Number of 

layers (Nt) 

 

micro 

strain (𝑆) 

 

As-deposited 0.021697 0.004374 4.960317 0.002237 

200
o
C for  2 hours 0.021697 0.004374 4.960317 0.001972 

300
o
C for  2 hours 0.012732 0.003066 4.152824 0.00192 

400
o
C for  2 hours 0.012278 0.002993 4.102845 0.001867 

200
o
C for  3 hours 0.011981 0.002944 4.069452 0.001834 

200
o
C for  4 hours 0.0109 0.002764 3.943218 0.001654 

 

4.2 Atomic Force Microscope (AFM) 

     The typical AFM scans of the prepared iron oxide nanofilms as 

deposited and different annealing with time at (200
 o

C,  300
 o

C,  400
 o

C) 

for 2 hours, and 200
 o

C for 3and 4 hours are presented in figures (4.7-

4.12) respectively. From each figures, contain images 3D, Histogram 

grain and Height distribution. The AFM images of iron oxide nanofilms 

show a high surface homogeneity in which the distribution of crystalline 

granules is uniform which is evident from the convergence of the 

roughness and root mean square (RMS) values as in Table (4-3). The 

white areas of the images indicate that there are set of crystalline granules 

one on top other, so it can be believe that the adjacent granules come 

together to form large clusters; therefore, we find that the granules in the 

white areas  are larger than that in other regions. The roughness and root 

mean square (RMS) values are increased from 1.1 nm and 1.43 nm as-

deposited nanofilm to 8.35 nm and 10.6 nm annealed at 200
 o

C  for 4 

hours, which is attributed to the fact that the surface diffusion was 

sufficient due to the deposition temperature. The increase in RMS lead to 

increase in crystalline growth in vertical direction more than horizontal 

direction. Also Table (4.3) contain the ten point height and the average 
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diameter. The values of ten point height confirm the roughness and RMS 

results. Similar behaviour was reported in [92].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(4.7): AFM images of iron oxide nanofilms as-deposited for a)3D, b) Histogram 

grain and c) Height distribution with data report 

 

(a) 

(b) (c) 
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Fig.(4.8): AFM images of iron oxide nanofilms annealing at 200
o
C for 2h  for a) 3D,            

b) Histogram grain and c) Height distribution with data report 

 

 

 

(b) (c) 

(a) 
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Fig.(4.9): AFM images of iron oxide nanofilms annealing at 300
o
C for 2h  for a) 3D,            

b) Histogram grain and c) Height distribution with data report 

 

 

(b) 

(b) (c) 

(a) 
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Fig.(4.10): AFM images of iron oxide nanofilms annealing at 400
o
C for 2h  for a) 3D,            

b) Histogram grain and c) Height distribution with data report. 

 

 

 

(a) 

(d) 

(a) 

(b) 

 

(c) 
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Fig.(4.11): AFM images of iron oxide nanofilms annealing at 200
o
C for 3h  for a) 3D,            

b) Histogram grain and c) Height distribution with data report 

 

(a) 

(b) 

(a) 

(c) 
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Fig.(4.12): AFM images of iron oxide nanofilms annealing at 200
o
C for 4h  for a) 3D,            

b) Histogram grain and c) Height distribution with data report 

 

 

 

 (a) 

(b) (c) 
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Table (4.3): AFM of iron oxide with different annealing with time  

 

4.3 -  Scanning Electron Microscope    (SEM) 

        The typical SEM micrographs of the prepared iron nanofilm as 

deposited and different annealing temperatures at 200 
o
C,  300 

o
C, and 

400 
o
C for 2 hours, and also different annealing times at 200 

o
C for 3 and 

4 hours are presented in Figures (4.13-4.18) respectively. Annealing at 

different temperatures and times contributed to increase of the average 

particle sizes. As shown in such figures and Table 4.1, the values of the 

average particle size of the oxidation mixed phases of iron oxide  

hematite α-Fe2O3 and maghemite γ-Fe2O3  nanoparticles deduced from 

SEM micrographs and their corresponding XRD agree reasonably well, 

thus indicating a high degree of crystallinity.  

Some special particle shapes can be noted depending on the annealing 

temperatures and annealing times, the iron that is prepared as-deposited 

appears as a spherical shape as in figure (4.13), while the films that are 

annealed at 200 ºC for 2 and 3 hours showed that the assemblies of 

nanoparticles in the form of a flowers-like shape of Fe2O3 spread on the 

film surface appears as a flower-like shape of Fe2O3 spread on the film 

surface as in figure (4.13 and 4.17). Thus these films are candidates for 

Annealing               

with time (h) 

Roughness 

average (nm) 

Root mean 

square (nm) 

Ten point 

height (nm) 
Average 

Diameter(nm) 

as-deposited 1.1 1.43 8.74 201.9 

200
o
C  for 2h 1.33 1.91 10.1 499 

300
o
C  for 2h 0.806 1.01 6.64 133.9 

400
o
C  for 2h 2.61 3.4 18.2 323.1 

200
o
C  for 3h 2.49 3.25 14.5 542.4 

200
o
C  for 4h 8.35 10.6 63.2 276.7 
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energy storage applications. Figures (4.15 and 4.16) show the needle-like 

particles of Fe2O3 for the films that were annealed at 300 ºC and 400 ºC 

for 2 hours respectively. Figure (4.18) shows the agglomerate spherical 

particles and layers that are candidates for energy storage applications.    

 

 

 

 

  

 

 

 

 

 

 

Fig.4.13:  SEM of as deposited iron nanofilm at different magnification   
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Fig.4.14: SEM of iron oxide nanofilm annealed at 200
o
C  for 2 hours at                 

    different magnification 
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Fig.4.15: SEM of iron oxide nanofilm annealed at 300
o
C  for 2 hours at                 

      different  magnification 
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Fig.4.16: SEM of iron oxide nanofilm annealed at 400
o
C  for 2 hours at       

                                               different magnification 
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 Fig.4.17: SEM of iron oxide nanofilm annealed at 200
o
C  for 3 hours at 

different magnification 
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         Fig.(4.18): SEM of iron oxide nanofilm annealed at 200
o
C  for 4 

hours at different magnification 
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4.4 Optical properties  

4.4.1 Absorbance (A) 

The absorbance spectra of Fe nanofilm as-deposited and different 

annealed temperature  200
 o

C , 300
 o

C and 400
 o

C for 2 hours  as a 

function of wavelength are shown in figure (4.19) and different annealed 

time three and four hours for 200
o
C as a function of wavelength are 

shown in figure (4.20). From the figure (4.19), it was observed that the 

absorbance increases with increasing annealing temperature in the UV 

region and then decreases with increasing annealing temperature in the 

visible and NIR regions, while in figure (4.20), the absorbance decrease 

with increasing annealing time. This result is consistent with the findings 

of the researchers [93]. 

 

 

 

 

 

 

 

 

 

 

Fig.(4.19) Absorbance spectra of iron oxide nanofilm with different annealing 

temperature  
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Fig.(4.20) Absorbance spectra of iron oxide nanofilm with different annealing time 

4.4.2 Transmittance (T)  

The transmittance spectra of Fe nanofilm as-deposited and different 

annealed temperature  200
 o

C , 300
 o

C and 400
 o

C for 2 hours  as a 

function of wavelength are shown in figure (4.21) and different annealed 

time three and four hours for 200
o
C as a function of wavelength are 

shown in figure (4. 22). From the figure (4.21), it is obtained that the 

transmittance reduce with increasing annealing temperature in the UV 

region and then increase with increasing annealing temperature in the 

visible and NIR regions, while in figure (4.22), the transmittance increase 

with increasing annealing time. This result is consistent with the findings 

of the researchers [93,94]. 
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Fig.(4.21) Transmittance spectra of iron oxide nanofilm with different annealing 

temperature. 

 

 

 

 

 

 

 

 

 

Fig.(4.22) Transmittance spectra of iron oxide nanofilm with different annealing time. 
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4.4.3 The absorption coefficient (α) 

The absorption coefficient (α) has been calculated from the equation      

[2.8]. Figure (4.23) reveal to the absorption coefficient of as-deposited 

nanofilm and different annealed temperature  at 200
 o

C 300
 o
C and 400

 o
C 

for 2 hours as a function of wavelength and different annealed time at 

200
o
C for  3 and 4 hours as a function of wavelength are shown in figure 

(4.24).  The value of α is greater than 10
4 

cm
-1

 which mean the direct 

electron transition happen. From the figure (4.23), it is observed that the α 

increases with increasing annealing temperature in the UV region and 

then reduces with increasing annealing temperature in the visible and NIR 

regions, while in figure (4.24), the α decrease with increasing annealing 

time. This behaviour related to the absorbance. The absorption coefficient 

given the information on the transition nature.  

 

 

 

Fig.(4.23) Absorption coefficient of iron oxide film with different Annealing 

Temperature. 
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Fig.(4.24) Absorption coefficient of iron oxide film with different Annealing 

Time. 

4.4.4 The Energy Gap 

The direct optical energy gap (Eg
opt

) of iron oxide nanofilms was 

calculated from equation (2.9). Figures 4.25and 4.26 explain the Egopt of  

Fe nanofilm as-deposited and different annealed temperature  at 200
 o

C 

300
 o

C and 400
 o

C for 2 hours as a function of wavelength and different 

annealed time at 200
o
C for  3 and 4 hours as a function of wavelength as 

a function of photon energy (hν) individually.   

The plot of (αhν)
2
 against hν is linear in nature, indicating that the 

material of the nanofilms has a direct Eg
opt

. The extrapolation of the 

straight line to α=0 gives a direct Eg
opt

 equal to 3.48 eV for the as-

deposited nanofilms and this value reduce with increasing annealing 

temperature and takes the values 3.35, 3.39 and 3.31 eV at 200
 o
C, 300

 o
C 

and 400
 o

C for 2 hours respectively , as obtain in figure (4.25) and the 

Eg
opt 

reduce with increasing annealing time 3 and 4 hours for 200
o
C and 
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takes the values 3.44 and 3.40 eV in figure (4.26), which is agree with 

report [93,94]. 

 

 

 

 

 

 

 

 

 

 

Fig.(4.25) Direct bad gap of iron oxide nanofilm with different annealing 

temperature. 

 

 

 

 

 

 

 

 

 

Fig.(4.26) Direct bad gap of iron oxide nanofilm with different annealing time. 
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Table (4.4): Value of the direct energy gap for all the Fe nanofilms with different 

annealing temperature.  

Different annealing 

temperature  

Optical energy 

gap (eV) 

As-deposited 3.48 

200
o
C for 2h 3.35 

300
o
C for 2h 3.39 

400
o
C for 2h 3.31 

 

Table (4.5): Value of the direct energy gap for all the Fe nanofilms with different 

annealing time. 

Different annealing 

time 

Optical energy 

gap (eV) 

As-deposited 3.48 

200
o
C for 3h 3.47 

200
o
C for 4h 3.40 

 

4.4.5 The refractive index (n)  

The refractive index (n) was calculated from equation (2-13). Figures 

4.27 and 4.28 explain the refractive index of Fe nanofilm as-deposited 

and different annealed temperature 200
 o

C, 300
 o

C and 400
 o

C for 2 hours 

and different annealed time at 200
o
C for  3 and 4 hours as a function of 

wavelength individually.  From this figures, it is obtain that the n 

decrease with increasing annealing temperature and time individually. 

This behaviour due to the decrease in density of nanofilms with 

increasing annealing temperature and time. 
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Fig.(4.27) Refractive index of iron oxide nanofilm with different annealing 

temperature. 

 

 

 

 

 

 

 

 

 

 

Fig.(4.28) Refractive index of iron oxide nanofilm with different annealing time. 
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4.4.6 The extinction coefficient (k)  

The extinction coefficient (k) was calculated from equation (2.15). 

Figures 4.29 and 4.30 explain the extinction coefficient of Fe nanofilm 

as-deposited and different annealed temperature 200
 o

C, 300
 o

C and 400
 

o
C for 2 hours and different annealed time three and four hours for 200

o
C 

as a function of wavelength individually.  From the figure (4.29), it is 

obtain that the k increases with increasing annealing temperature in the 

UV region and then reduces with increasing annealing temperature in the 

visible and NIR regions, while in figure (4.30), the k decrease with 

increasing annealing time. This behaviour explained by the fact that the k 

has a similar behaviour to the absorption coefficient.  

 

 

 

 

 

 

 

 

 

Fig.(4.29) Extenction coefficient of iron oxide nanofilm with different annealing 

temperature. 
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Fig.(4. 30) Extinction coefficient of iron oxide nanofilm with different annealing 

time. 

The real and imaginary parts of dielectric constant are calculated by using 

equations(2.17) and (2.18)  respectively. Figures (4.31-4.34) explain the 

real and imaginary parts of dielectric constant of Fe nanofilm as-

deposited and different annealed temperature 200
 o

C, 300
 o

C and 400
 o

C 

for 2 hours and different annealed time three and four hours for 200
o
C as 

a function of wavelength individually. From the figures 4.31 and 4.33, it 

is obtain that the real parts of dielectric constant decrease with increasing 

annealing temperature and time individually. This is due to the real part 

of dielectric constant depends on refractive index because the effect of 

extinction coefficient is very small. Figure (4.32) explain the imaginary 

part of dielectric constant increases with increasing annealing temperature 

in the UV region and then reduces with increasing annealing temperature 

in the visible and NIR regions, while in figure (4.34), the imaginary part 

decrease with increasing annealing time because the imaginary part of 

dielectric constant depends on extinction coefficient especially in the 
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visible and NIR regions of wavelength where the refractive index is 

approximately constant while extinction coefficient increases with the 

increase of the wavelength [94]. 

 

 

 

 

 

 

 

 

 

Fig.(4.31) Real parts of dielectric constant of iron oxide nanofilm with different 

annealing temperature. 

 

 

 

 

 

 

 

 

 

Fig.(4.32) Imaginary parts of dielectric constant of iron oxide nanofilm with 

different annealing temperature 
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Fig.(4.33) Real parts of dielectric constant of iron oxide nanofilm with different 

annealing time. 
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Fig.(4.34) Imaginary parts of dielectric constant of iron oxide nanofilm with 

different annealing time. 

4-5  Conclusion 

From preparing pure iron nanofilms deposited on glass substrates with 

different annealing temperature of 200
o
C, 300

o
C and 400

o
C and different  

annealing time at 200°C for 3 and 4 hours by thermal evaporation 

technique,  it can be concluded: 

1. The characterization of the samples by XRD (X-ray diffraction) 

confirmed the formation of mixed phases of iron oxide  hematite (α-

Fe2O3)  and maghemite ( -Fe2O3) from Fe at annealing at different 

temperature and time in the presence of air. 

2. The values of the average particle size of the oxidation mixed phases 

(hematite α-Fe2O3 and maghemite γ-Fe2O3) deduced from SEM 

micrographs and their corresponding XRD agree reasonably well, thus 

indicating a high degree of crystallinity.  

3.The SEM images showed that the flower-like clusters of Fe2O3 

nanoparticles spread on the surface of the annealed film at a temperature 

of 200 for 2 and 3 hours, and also in the form of layers for annealing in 4 

hours, which are  a candidate for energy storage applications. 

3. The AFM images of iron oxide nanofilms show a high surface 

homogeneity in which the distribution of crystalline granules is uniform 

which is evident from the convergence of the roughness and root mean 

square (RMS) values.  

5. The optical properties results show that the absorbance increases with 

increasing annealing temperature in the UV region and then reduces with 

increasing the annealing temperature in the visible and NIR  regions, 
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whereas, the absorbance decrease with increasing annealing time, while 

the transmittance reduce with increasing annealing temperature in the UV 

region and then increase with increasing annealing temperature in the 

visible and NIR regions whereas, the transmittance increase with 

increasing annealing time 

6.The optical measurement shows that the Fe nanofilms have allowed 

direct energy gap (Eg
opt

). The Eg
opt

 decreased with increasing annealing 

temperature and time respectively. It is decreased from 3.48 eV as-

deposited to 3.33 eV at 400 
o
C for 2 hours  and to 3.40 eV at 200

o
C  for 4 

hours. 

7. The optical constants such as absorption coefficient, extinction 

coefficient and imaginary parts of dielectric constant increased with 

increasing annealing temperature in the UV region and then reduces with 

increasing annealing temperature in the visible and NIR regions, while 

these optical constant decreased with increasing annealing time. 

refractive index and real parts of dielectric constant decreased with 

increasing annealing temperature and time. 

  4.6  Suggestions for Future Work 

1. Preparing the Fe nanofilms by thermal evaporation technique with 

other  different annealing temperature and time.   

2. Use these result to apply at different application such as energy storage 

and solar cell.   

3. Preparing  the Fe nanofilms by chemical vapour deposition technique  
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( Fe) انحذٌذ يٍ َبٌَٕت أغشٍت نخحضٍش انحشاسي انخبخٍش حمٍُت اسخخذاو حى ، انذساست ْزِ فً

 دسجت 022 ٔ يئٌٕت دسجت 022 حبهغ يخخهفت حهذٌٍ حشاسة بذسجبث صجبجٍت سكبئض عهى انًخشسبت

 طشٌك عٍ سبعبث 0 ٔ 0 نًذة يئٌٕت دسجت 022 عُذ يخخهف حهذٌٍ ٔصيٍ يئٌٕت دسجت 022 ٔ يئٌٕت

 نٍٓكم انًٍٓبحٍج طٕس بخكٌٍٕ ألشث( XRD) انسٍٍُت الأشعت حٍٕد ححهٍلاث يٍ. يانحشاسانخبخٍش 

 انخهذٌٍ(. α-Fe2O3) انًبغًٍٍج انسذاسً انبهٕسي ٔانٍٓكم( γ-Fe2O3) انبهٕسي انضٔاٌب سببعً

 انًخخهطت الأطٕاس عٍ ٌٔكشف الأكسذة إنى ٌؤدي انٕٓاء ٔجٕد فً يخخهفٍٍ ٔصيٍ حشاسة دسجبث عُذ

 صٌبدة يع انحذٌذٌت انُبٌَٕت نلأغشٍت انبهٕسي انحجى يعذل صاد. ٔانًٍٓبحٍج انًبغًٍٍج انحذٌذ لأكسٍذ

 022 عُذ يهذٌ َبَٕيخش 05.23 إنى بذٌٔ حهذٌٍ َبَٕيخش 51.50 يٍ صاد. انٕلجٔ انخهذٌٍ حشاسة دسجت

 انحذٌذ لأكسٍذ َبٌَٕت لأغشٍت( AFM) انزسٌت انمٕة يجٓش طٕس حظُٓش. سبعبث 0 نًذة يئٌٕت دسجت

ب انبهٕسٌت انحبٍببث حٕصٌع فٍّ ٌكٌٕ نهسطح عبنٍبً حجبَسًب ًً  انخشَٕت لٍى حمبسة يٍ ٌخضح يب ْٕٔ يُخظ

 يٍ( RMS) انخشبٍعً انًخٕسظ ٔانجزس انخشَٕت لٍى صٌبدة حًج(. RMS) انخشبٍعً انًخٕسظ ٔانجزس

 دسجت 022 عُذ انًهذٌ َبَٕيخش 52.2 ٔ َبَٕيخش 4.01 إنى بذٌٔ حهذٌٍ َبَٕيخش 5.00 ٔ َبَٕيخش 5.5

 انجسًٍبث حجًعبث أٌ( SEM) انًبسح الإنكخشًَٔ انًجٓش طٕس أظٓشث. سبعبث 0 نًذة يئٌٕت

 انًشسبت عهى لٕاعذ انعٍُبث جًٍع فً ظٓشث ٔانخً ، سطحان عهى حُخشش أصْبس شكم عهى انُبٌَٕت

 أٌ انبظشٌت انخظبئض َخبئج أظٓشث. يئٌٕت دسجت 022 حشاسة دسجت عُذ خبطت ،صجبجٍت

 يع حُخفض ثى انبُفسجٍت فٕق الأشعت يُطمت فً انخهذٌٍ حشاسة دسجت صٌبدة يع حضداد الايخظبطٍت

 ، انخهذٌٍ ٔلج صٌبدة يع انُفبرٌت حمم بًٍُب ، NIR ٔ انًشئٍت انًُبطك فً انخهذٌٍ حشاسة دسجت صٌبدة

 صٌبدة يع حضداد ثى انبُفسجٍت فٕق الأشعت يُطمت فً انخهذٌٍ حشاسة دسجت صٌبدة يع انُفبرٌت حمم بًٍُب

 انُبٌَٕت انحذٌذ أغشٍت أٌ انبظشي انمٍبط ٌظُٓش. NIR ٔ انًشئٍت انًُبطك فً انخهذٌٍ حشاسة دسجت

. انخٕانً عهى ٔانٕلج انخهذٌٍ حشاسة دسجت صٌبدة يع .حخُبلض فجٕة انطبلت يببششة طبلت بفجٕة سًحج

 0.04 ٔيٍ سبعخٍٍ نًذة يئٌٕت دسجت 022 عُذ فٕنج 0.00 إنى بذٌٔ حهذٌٍ  فٕنج 0.04 يٍ ُخفضح

 انثٕابج دساست حى كًب. يئٌٕت دسجت 022 يمببم سبعبث 0 عُذ فٕنج 0.02 إنى بذٌٔ حهذٌٍ فٕنج

 نثببج ٔانخٍبنً انحمٍمً ٔانجضء الاَكسبس ٔيعبيم انخًٕد ٔيعبيم الايخظبص يعبيم يثم انبظشٌت

 .انكٓشببئً انعضل



 

 

 جوهىريت العراق

 وزارة التعلين العـــالي والبحث العلـوي

 جاهـــعت بابــــل

 للعـــلىم الصرفت التربيت كليـــت

 ءقطـــن الفيسيـــا

 
 
 

 

 

 الحذيذ هن أوكطيذ الحذيذ النانىيت أغشيت تصنيع

 و التركيب: الحراريت تهلالوعا بعذ حراريا   الوبخر

البصريتالخصائص   

 

هقذهت رضالت  

بابل جاهعت في الصرفت للعلىم التربيت كليت هجلص إلى  

الفيسياء/التربيت في الواجطتير درجت نيل هتطلباث هن جسء وهي  

 

 هن قبل 
 

عبيصشيواء عبذ العالي هخيف   

 
)علوم الفيزياء(بكالوريوس تربية   
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