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General introduction 
echnological development from the seventeenth century to the present has contributed 

to a revolution and radical transformations in all aspects of life, although man has 

revolutionized the field of information, communications, steam engines, the textile 

industry, computers, and electronic inventions such as micrometer chips and others, but he still 

seeks to develop the physical world and its components in smaller dimensions, technological 

development today is linked to the ability to manufacture electronic devices with the smallest 

size and highest efficiency, and finally, a new technological revolution, known as the 

nanotechnology revolution exploded, this is achieved by producing systems and devices based 

on materials at the atomic and molecular levels by controlling shape and size at nanoscales and 

discovering the concept of the quantum confined atom, thus being able to describe the particles 

of the material next to each other and develop the pattern of arranging new atoms with the sites 

of crystal networks, which led to the development of new types of materials with physical, 

biological and chemical features and properties distinct from similar traditional materials without 

changing their chemical composition, therefore, today, global laboratories are racing to produce 

new nanomaterials at a tremendous pace, and many discoveries and numerous studies have been 

made of nanomaterials and their chemical, physical and structural properties, including shape, 

size and surface area, and crystal structure, chemical composition, and surface morphology, and 

because this is the latter offers increasing innovations and procedures for many applications, 

such as biosensors, transistor manufacturing, and drug delivery, food packaging etc. Methods for 

manufacturing nanomaterials varied depending on their dimensions and relied on many new 

technologies with the required and unique properties, and among the new species we find the 

thin layers, in this category, it was required to determine the conditions for the growth 

mechanism of nanoparticles from precursors, whether they are metals extracted from natural or 

industrial resources, and temperature, and the concentration of the middle, and the method of 

preparation, and it is considered the thin layers of nano-semiconductor materials are suitable for 

various applications, such as electronic and optical ones, for example, energy fields, solar cells, 

information storage, sensors, flat screens and touch screens, and semiconductors play an 

important role in the technological progress of nanoscience, they are considered materials with 

electrical conductivity due to the flow of electrons and the movements of holes, compared to 

T 
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conductive materials in which current flows due to electrons only, however, the semiconductor 

material is not only considered a crystalline solid, it also belongs to amorphous and liquid 

materials as well, and metal oxides are considered one of the classes that belong to nano-

semiconductor materials, and thermal and chemical stability, and promises to be used in a variety 

of practical and scientific applications for their association in many fields such as chemistry, 

physics, materials science, etc, therefore, this opens new horizons for technology and science[1-5].  

    Semiconductor materials with electrical conductivity have received the attention of many 

researchers due to their diverse uses in industrial applications, therefore, researchers are seeking 

to find energy-saving alternatives to traditional metal oxide semiconductor devices. Over the past 

25 years this field has evolved rapidly down to magnetic electronics and spintronics, and it 

includes the field of magnetic electronics on determine the effects of magnetic resistance based 

on metals, in this case this property can be exploited in magnetic field sensors such as magnetic 

hard drives of reading and writing heads, also, combining the degrees of freedom of spin of an 

electron and its charge in the same material will allow the direct implementation of spintronic 

devices with new functions, and enhanced to control, read and store information, although the 

use of magnetic materials is not new for uses in memory and information storage, as is evident 

today from magnetic tapes and hard drives, however, spin electronic devices will generate faster 

memory technologies, in particular magnetic random access memory (MRAM), which is 

characterized by high reading power and endurance and low switching power compared to 

current memory devices, from another angle, “spintronics” is known as an abbreviation for  

SPIN TRAnsport ElectroNICS[6][7], and in pursuit of achieving the desired technological 

development, this term has been used in the phenomena of spin-polarized transport of metals, 

oxide materials, and semiconductors, and a huge research effort has been focused in recent years 

on the so-called diluted magnetic semiconductors[8], anisotropy of properties in metal/metal 

magnetic oxides has been an interesting topic in the field of spintronics due to its importance for 

applications[9], interestingly, strong room temperature ferromagnetic semiconductors were 

reported in MgO nanoscale powders, an artificially important material[10], MgO is considered one 

of the best magnetic metal oxide materials, the magnetic properties of these films have been 

extensively studied by Pacchioni[11] and Noguera and co-workers [12], indicating the appearance 

of magnetic movements of low-coordination O atoms on the surface. Well-defined procedures 
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for preparing high-quality SiO2-MgO surfaces are also important in a number of surface physics 

and materials science cases, because the properties of membranes are sensitive to their 

structure[13], MgO thin films were prepared using a variety of techniques including electron beam 

evaporation[14], chemical vapor deposition[15-17], spray pyrolysis[18], atomic layer deposition[19], 

radio frequency magnetron sputtering[20], and the sol-gel process[21-23], MgO membranes were 

also prepared using the addition of SiO2 by evaporation method with the electron beam [24], it was 

also proposed to prepare MgO films to replace SiO2 using spray pyrolysis technology [25], 

however, the study related to the case of MgO-SiO2 has not been reported yet and needs further 

study. The hydrothermal method appears to have several degrees of freedom to be used to 

prepare MgO-SiO2 due to simple synthesis process and convenient operation, in addition, 

substrate solution is subject to hydrothermal treatment suitable for forming stable crystalline 

phase membranes on substrate, the membranes obtained are highly purified and have good 

homogeneity [26]. 

    With the availability of rocks and sand in very huge quantities in the regions of southern 

Algeria, and Ouargla is a sample of them, it made us look at it as a natural, local and it's free 

source of many minerals and oxides, given that minerals are the structural unit of rocks, this is 

based on the average chemical analysis of it, and also considering that oxide is a basic chemical 

unit that makes up all the chemical compounds of rocks present on the surface of the earth’s 

crust [27], in addition, we have previously studied the chemical composition of a rock sample 

from the Ouargla region using X-ray diffraction (DRX), infrared absorption (FT-IR) and X-ray 

fluorescence spectroscopy (XRF), most of its ingredients have been identified, perhaps the most 

important of which is Si and Mg magnesium, which is the most important primary material for 

modern electronic and applied industries[28], despite the large and available quantities of this 

natural resource, it has not been valued and only a small number of studies have been conducted 

on it in terms of its physical properties or composition, especially related to the Ouargla region, 

rather, it has been limited to its use in the field of agriculture and construction. 
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      Therefore, in this study, we will seek to exploit the natural resources from rocks for use in 

the preparation and deposition of thin, nanofilms prepared by the hydrothermal method and with 

specific properties that allow for spintronic applications in the future, because they contains 

chemical elements that can be exploited in microelectronic applications and are not polluting to 

the environment, and study the effect of both the deposition temperature and the magnetic field 

applied to reach good structural and optical properties and collect low cost of these membranes. 

    We divided this thesis into four chapters. In its first chapter, “Generalities about 

nanotechnology and methods for synthesizing nanomaterials”, we collected all the 

information about nanotechnology, starting with its origin, origin, properties, and methods for 

synthesizing nanomaterials, to conclude in the end by presenting the most important applications 

of nanotechnology. 

    As for the second chapter, “Basics of electronic spin technology and its applications”, we 

defined electronic spin, starting with the internal angular momentum of the electron and the 

various basics of electronic spin, all the way to its applications. 

   In the third chapter, “Laboratory synthesis of nanomaterials and analysis methods”, we 

will take care of experimental work to prepare various samples as well as diagnostic methods. 

   In the last chapter, “Analysis of the Properties of New Composite Nanomaterials”, we will 

present the experimental results obtained, discuss them, and provide an accurate scientific 

explanation for them. 

    At the end of this thesis, we will mention the most important results obtained in a general 

conclusion, while presenting future prospects for how to exploit them practically, and on the 

basis of which other applied research can be carried out. 
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Chapter I : Generalities about nanotechnology and 

methods for synthesizing nanomaterials 

I.1.Introduction   

   Nanotechnology is considered one of the latest scientific technologies that must be known and 

followed up on its development. It is generally known as a technology that focuses on 

understanding and controlling materials with dimensions ranging from approximately 1 to 100 

nanometers. It has been shown that the unique phenomena and properties of materials at the 

nanoscale allow for new and diverse applications such as chemical catalysis. Sustainable energy, 

medicine, consumer products and electronics according to final requirements, which means more 

efficiency and optimal use of resources, and it is expected that this technology will generate a 

series of industrial revolutions over the next two decades. In this chapter, we will try to shed 

light on generalities about nanotechnology and its concept, as well as the history of its 

development. We will also mention the characteristics of nanotechnology, its importance, and 

the principles that distinguish it. We will also discuss methods for preparing nanomaterials, their 

types and properties, and concluding with the applications of nanotechnology in various fields. 

I.2. Nano Technology  

   Technology is defined as a system of processes that proceed according to specific standards, 

and uses all available capabilities, whether material or immaterial, in an effective manner to 

accomplish the desired work, with a high degree of mastery and efficiency for the sake of 

sophistication and progress. It is a word of Greek origin derived from two words (Techne), 

which means Technical skill and (Logos) means study, meaning that the word technology means 

organizing technical skill. As for nanotechnology, it is the technology that has the ability to work 

at the molecular level. It includes research and technical developments at the atomic and 

molecular levels in a length range of about 1-100 nano. Meter, to provide a basic understanding 

of materials at the nanoscale and as they create large structures with fundamentally new 

molecular organization, they manufacture and use structures that have unique properties due to 
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their small size. More specifically, the word nanotechnology refers to the technology of building 

and assembling matter from a single atom[1-3].  

I.3. Historical stages of the development of nanotechnology 

    Despite the modernity of nanotechnology, it was used in ancient civilizations without them 

realizing its nature or name. Craftsmen used it in the seventeenth century to make swords known 

for their sturdiness and flexibility, which were equipped with blades of steel called “wotz.” It 

was also used in the Greek civilization and the Chinese civilization in the manufacture of glass, 

and perhaps one of the oldest applications of this technology is the famous Greek cup of the 

Roman king “Lycurgus”, which used nano particles of gold in its manufacture and then mixed 

them with glass. The black hair dye that was famous in Rome and Athens two thousand years 

ago was made with it, by mixing lead oxide paste with lime, and it was used In the manufacture 

of linen threads to close wounds during the Middle Ages in Europe[4- 7].   

  In the modern era, nanotechnology has undergone several developments, which we summarize 

as follows:  

 In 1959: In his classic lecture before the American Physical Society at the California 

Institute under the title (There is a plenty of room at the bottom), the American physicist 

Richard Feynman wondered what would happen if we were able to arrange atoms one 

after another. The way we want it ! In it, he described that atomic manipulation was 

inevitable and suggested that it would eventually be possible to manipulate atoms and 

molecules to create the nanoscale. Feynman generalized this observation toward 

manipulating and controlling objects on an ever smaller scale, and this type of activity is 

also abundant. For new inventions [8-11].   

 In 1974: The Japanese scientist Norio Taniguchi was the first to use the term 

"nanotechnology" at the International Conference on Industrial Production in Tokyo in 

order to describe the ultra-precise processing of materials with nanometer precision and 

the creation of nano-sized mechanisms. He also stated in his paper "Basic Concepts of 

Nanotechnology" that nanotechnology consists mainly from the processing of separation, 

combination and deformation of materials by a single atom or molecule [12][11][5].   

 In 1981: Researchers Gerd Binnig and Henrik Rohrer of IBM invented the scanning 

tunneling microscope, which was the first instrument that could generate real images of 
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surfaces with atomic resolution and manipulate atoms. This discovery opened an 

important new field of nanotechnology [12][13].   

 In 1986: Eric Derexler of the Massachusetts Institute of Technology used ideas from 

Feynman and Taniguchi in his book, "Engines of Creation: The Next Age of 

Nanotechnology". He proposed an atomic stacking mechanism to produce machines 

smaller than a beehive. He also presented some potential applications for 

nanotechnology. Derexler's vision of nanotechnology is often called "molecular 

nanotechnology" [14][15].    

 In 1989: A research team from IBM (International Business Machines) was able to use 

the fine needle in a scanning tunneling microscope to capture atoms of the inert element 

xenon and move them with extreme precision to rearrange them one by one on a cold 

surface of nickel metal[16].   

 In 1991: Japanese scientist Sumio Legima discovered carbon nanotubes, which contain at 

least two layers (multi-walled carbon nanotubes), at NEC Electronic Industries in Japan 

when he was examining carbon materials from various sources for the purpose of 

clarifying the growth mechanism of fullerene molecules using a high-resolution electron 

microscope. It is given this name because it has a tubular structure of carbon atom 

sheets[17][18].   

 In 1992: The Palestinian physicist Munir Nayfeh was able to write the smallest font in 

history using atoms, by writing the letter P as a symbol for Palestine. It was published in 

scientific news outlets and major scientific journals, where he was able to rearrange the 

atoms and control them. He used a scanning tunneling microscope to photograph them 

magnifying [19].   

 In 1993: Scientist Bethune of the American company IBM was able to discover a new 

class of carbon nanotubes with only one layer. These single-walled tubes are generally 

narrower than multi-walled tubes with diameters usually in the range of 1-2 nanometers, 

and tend to be curved rather than straight[17][20].   

      Through the previous achievements, the door was opened wide for the world to enter the era 

of nanotechnology, and scientists entered it forcefully through scientific research, and presented 

a lot of valuable scientific research and amazing inventions, and by transferring them from 

laboratories and research papers to companies and factories, and starting to manufacture devices 
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and tools that do not their sizes exceed a few nanometers, as in 2003 AD it was noted that 

companies around the world in the nanotechnology sectors were active in nanomaterials and 

nanotechnology [16][21].  

I.4. The concept of Nano 

      The word nano is a prefix (the part with which we start the word) derived from the ancient 

Greek language "Nanos", which means dwarf, and it means every small thing. In the field of 

science, nano means one billionth of a thing. For example, "Nanometer", which is abbreviated 

in Latin letters to nm, is as a unit for measuring the lengths of very small objects that can only 

be seen under an electron microscope, this unit is used to express the dimensions of diameters 

and measures of atoms and molecules of materials, compounds, cells, and microscopic particles 

such as bacteria and viruses. One nanometer is equal to one thousandth of a millionth of a 

meter. For comparison, one nanometer is equivalent to measuring the length of a row of 13 

hydrogen gas atoms, if we imagine that they are placed stacked next to each other, as shown in 

the figure (I.1)[16].   

Figure I 1.  : A diagram showing a horizontal row of 13 hydrogen atoms, each 0.075 nanometers 

in diameter[16].   
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Table (I.1): Multiples of metric units[29].  

abbreviation Prefix Number 

E exa- 1018 

P peta- 1015 

T tera- 1012 

G giga- 109 

M mega- 106 

K kilo- 103 

C centi- 10-2 

m mili- 10-3 

𝑢 micro- 10-6 

n nano- 10-9 

P Pico- 10-12 

F Femto- 10-15 

A atto- 10-18 

I.5. Properties of nanotechnology 

     The focus on the behavior of the atom and the small world created a turning point for 

thinking about entering a new world of nanotechnology, that is, the reproduction of a group of 

materials that does not stop at a specific field, instead of traditional methods, in order to solve the 

problems of the era represented by scarcity of resources and environmental pollution in order to 

achieve social and economic well-being, as there are many characteristics that distinguish 

Nanotechnology includes the possibility of controlling individual atoms and rearranging them 

because the atom is the building unit for all materials and carries the same properties. It can be 

used to make machines free of defects, as determining the shape, size, distribution and chemical 

properties of nanomaterials is a vital part of industrial processes, and this is what contributes to 

New product development achieves product quality, lower cost, and continuous improvement. 

Modern-day industrialists believe that the techniques used to examine and explore the properties 

and processes of nanoscale materials, such as AFM, SEM, and building block analysis of 

nanomaterials, provide a greater understanding of nanomaterials and thus the possibility of 

controlling size distribution and designing materials. As it was found that nanomaterials have 

lower elastic properties compared to large-sized materials due to their very high concentration of 
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defects, and thus the diffusion movement increases and it is expected that they have improved 

self-diffusion compared to materials that have the same chemical composition. This idea was 

deduced through measurements self-diffusion in copper nanoparticles [22][23]. 

I.6. Nanoscience and nanotechnology 

     During the past decades, there has been a lot of focus on studying the behavior of matter at 

the atomic scale in most scientific and engineering fields, and one can see the influence of 

nanotechnology, as this word has gained widespread use in both scientific literature, as this 

technology constitutes an area of multiple research and development specializations. That 

depend on knowledge of what is extremely small. Nanoscience means the science that is 

concerned with studying structures and molecules on the nanometer scale ranging between 1 and 

100 nm and determining their unique and interesting chemical and physical properties. 

Nanoscience aims to design and manufacture new applicable materials, while nanotechnology or 

nanotechnology (also called sometimes molecular manufacturing) is the design, production and 

application of structures at the nanoscale. So one studies nanomaterials and their properties and 

the other uses those materials and properties to create something new or different[22][24][25].  

I.7. Principles of nanotechnology  

  There are many principles that distinguish nanotechnology from the techniques we know, 

which are the reason why scientists are interested in reaching this nanoscale size. Scientists 

consider that reaching the precise size leads to changing the properties of materials and thus it is 

possible to benefit from nanoscale materials, and this in turn threatens a qualitative leap. In 

various fields, such as the development of electronics science and the production of advanced 

devices to analyze data accurately, and among the principles of nanotechnology is controlling the 

arrangement of atoms and the ability to move them, and this leads to the possibility of building 

any material. It has also become clear that the physical and chemical properties of materials at 

the nanoscale differ from the properties of the same materials at the natural size. Thus, it is 

possible to discover useful properties for innovative applications, which encourages the 

intensification of studies of their physical, chemical, as well as electrical and electronic 

properties. Controlling atoms leads to the manufacture of defect-free materials with unique 
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features, devices with high efficiency, cheap cost, lighter, and less energy consumption. This 

technology is also characterized by the fact that it will transform science fiction into reality[26][27].   

I.8. The importance of nanotechnology 

      Nanotechnology has become at the forefront of the most important fields due to its 

promising principles for a new scientific revolution in the near future, because it will generate 

industrial capacity with high efficiency and at the lowest cost. Rather, it will be used in various 

fields, including electronics, for its ability to increase the capacity of storing information and 

increasing the size of magnetic tapes, in addition to manufacturing computers rapid quantitative, 

which led to an increase in scientific research in this field to facilitate difficulties, the most 

important of which is the possibility of accessing cheap and practical methods to prepare various 

nanomaterials in a commercial manner, for use in various applications. Another difficulty also 

lies in how to communicate between the concept of the modern nano world and the macro world 

currently used in the manufacture of electronic devices. As the size of materials is reduced from 

the critical value of size, and whenever the size of the material approaches nanometer scales, the 

material is subject to the laws of quantum mechanics instead of the laws of classical physics and 

its properties change, such as the electronic structure, conductivity, reactivity, melting point, and 

mechanical properties of the material, thus giving a new class of The materials, which are called 

nanomaterials, because their distinct properties suit the needs of advanced technology, and from 

here it is clear that nanotechnology has a great future in various fields, including medical, 

military, information, electronic, and others. Nanotechnology has many backgrounds, as it relies 

on the principles of physics and chemistry, in addition to the disciplines of biology and 

pharmacy[28][29].  

I.9. Methods of synthesis of nanomaterials 

I.9. 1. Nanomaterials  

  Nanomaterials is defined as that distinct class of advanced materials that can be produced, with 

dimensional scales ranging between 1 nm and 100 nm, or they are those materials that have 

synthetic components, at least one of their dimensions is in the nanoscale. The small size and 

scale of these materials has led them to behave differently from traditional large-sized materials 
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whose dimensions exceed 100 nm, and to have very distinct qualities and characteristics that 

cannot be found together in traditional materials. Nanomaterials vary in terms of source, such as 

organic, inorganic, natural, or artificial materials [30][31]. 

I.9. 2. Classification of nanomaterials 

     Nanomaterials take many forms, each with a different composition, properties, and uses that 

are classified according to their dimensions in space. There are zero-dimensional structures, one-

dimensional structures, two-dimensional structures, and three-dimensional structures. All 

nanostructures fall under these classifications, and we mention them as follows:  

I.9. 2.1. Zero-dimensional nanomaterials  

  Zero-dimensional (0D) nanomaterials are defined at the nanoscale and in all three dimensions, 

and among the zero-dimensional nanomaterials are quantum dots, where the electrons are 

completely confined in an infinitely deep well within the nanoscale in the quantum dot system 

and cannot escape from this region. This results in the electrons not moving freely. These 

nanomaterials are either crystalline or polycrystalline, as well as non-crystalline, and consist of 

multiple or single chemical elements. According to quantum confinement theory, when an 

electron moves from the valence band to the transfer band, a pair of electronic holes called an 

exciton (representing a linked pair of conduction electrons and valence holes) is created in the 

mass lattice, and the physical separation between the electron and the hole occurs through the 

Bohr radius of the exciton. It varies depending on the composition of the nanomaterial, 

especially in semiconductors. In the zero dimensions of nanomaterials, the Bohr exciton radius is 

the same size as the diameter of the nanocrystal (L), which leads to quantum confinement of the 

exciton. On the practical side, the strongest quantum confinement will occur when the crystal 

diameter doubles by two or more times the Bohr radius (L≤ 2rb), at the level of completely zero-

dimensional materials. Confinement of both electrons and holes causes an increase in the optical 

transfer of energy from the valence band to the conduction band, which leads to effectively 

increase the bandgap[32]. 
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I.9. 2.2. One-dimensional nanomaterials 

     Nanomaterials are considered one-dimensional (1D) if one of their dimensional scales is less 

than 100 nm, that is, they have only one nanodimensional dimension. For example, nanotubes, 

nanofibers, nanowires, nanothreads, in addition to various thin films that are used in packaging 

Products Depending on their function, one-dimensional nanomaterials can be polycrystalline or 

monocrystalline, and they can also be amorphous. These materials are not chemically pure or 

pure, and these materials also appear as materials integrated into another medium or stand 

alone[32][33].  

I.9. 2.3. Two-dimensional nanomaterials   

    Two-dimensional (2D) materials are sized at the nanoscale and have two dimensions less 

than 100 nm, for example very thin surface films, disks and platelets. Two-dimensional 

nanomaterials consist of metal or ceramic. They are made of different chemical compositions. 

Two-dimensional nanotubes consist of organic materials such as carbon or inorganic materials 

such as metal oxides. These tubes may be straight, spiral, zigzag, or conical, and nanofibers 

made of polymers. 2D nanomaterials can be amorphous or crystalline. They are usually 

deposited on a substrate and incorporated into the surrounding matrix [32][27]. 

 

 

 

 

 

 
Figure I.2 : Illustration of a carbon tube and nanofibers.   
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I.9. 2.3. Three -dimensional nanomaterials 
     Three-dimensional nanomaterials are known because their dimensional measures on the three 

axes X,Y, Z less than 100nm, the most widely used are solid nanomaterials, which are in the 

form of nanometer grains and crystals in a specific crystal direction. These materials can be 

amorphous or crystalline. For example, nanoparticles, which are microscopic atomic or 

molecular aggregates ranging in number from a few atoms (molecule) to a million atoms, are 

linked to each other. In three-dimensional nanomaterials, the electrons are completely separated, 

as it has been shown through research that the smaller dimensions of the nanostructure They lead 

to a wider separation  between energy levels, showing that all electrons move freely in three 

dimensions. In a semiconductor crystal of materials of larger size it is found that the Bohr 

exciton radius rb is much smaller than the total volume (L) of the crystal, that is the exciton is 

free to migrate through the lattice. The size-dependent electronic properties of quantum dots 

were studied in the early 1980s by Efros and colleagues, and it was shown that limiting the 

bandgap would maximize the overall value based on the confinement energy term. According to 

quantum confinement theory, electrons in the conduction band and holes in the valence band are 

spatially confined by the barrier potential of surface, and therefore the transition energy of the 

electronics from the conduction band to the valence band will increase, and this increase in 

energy effectively leads to an increase in the bandgap[32][29].  

 

 

 

 

 
Figure I.3 : Representative image of a nanoparticle. 
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I.10. Properties of nanomaterials 
     The properties of materials at the nanometer scale change more unexpectedly than they did 

above the nanoscale (micro or millimeter dimensions), which gives critical importance to 

nanomaterials. This is due to the significant change in material properties for the following 

reasons:    

 The size:  The properties of materials change with their size to the nanometer scale 

compared to their larger scale, as silicon material at the 3nm scale radiates red, and at a 

smaller size at the 1nm scale it radiates blue, and at its normal size it is considered an 

opaque material with no radiation[27]. 

 Figure: On the nanoscale, the shape of the particles plays an important role in 

determining their properties, and they change as their shape changes, from spherical, 

tubular, or other shapes. In contrast, the properties of materials do not change at a size 

larger than the nanoscale, for example a wood board and a wood cube[27]. 

 Relative increase of surface area: Nanomaterials have a larger surface area when 

compared to the same materials in a larger area, and this makes the materials more 

chemically active and affects their strength or electrical properties [34]. 

 Quantitative effects: Nanomaterials are not subject to the laws of classical physics due 

to their small dimensions, which are close to atomic dimensions. Therefore, they are 

subject to the laws of quantum physics, which is reflected in their properties. Among 

them are the ability to change color, transparency, great hardness, and great ability to 

conduct and insulate [34]. 

       We will present below the distinctive mechanical, chemical, physical, magnetic, electrical 

and optical properties of nanomaterials[32] [16]:  

I.10.1. Mechanical properties 

    Scientists and engineers consider that miniaturizing materials from the traditional scale to the 

nanoscale has a positive effect on their properties, and leads to improving the hardness values of 

metallic materials and their alloys, as well as increasing their resistance to the stresses of the 

various loads imposed on them. An example of this is the minimization of the grains of ceramic 

materials, which leads to making them more durable, which is a characteristic that is not found in 
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ordinary ceramic materials. The mechanical behavior of nanoscale copper (Cu) was studied and 

it was found that there is a very strong metallic behavior, and in return there is a low ductility of 

2% compared to traditional standards, as the hardness properties depend greatly on the formation 

of defects within the material and in the nanosystem has an increasing ability to strengthen 

defects, and in the near future it looks forward to studies that can reveal principles for 

manufacturing nanomaterials with mechanical properties that can be controlled in a repeatable 

manner, as the methods of arranging the atomic and molecular structure of nanoparticles differ 

compared to traditional materials, and this leads to their difference in Mechanical properties. For 

example, nanotubes have superior mechanical strength.   

 Stress and pressure: According to Chaˆtelier’s principle when an external force is 

applied to a substance whether it is a liquid or a powder, it will move along and expand to 

reduce the force. It will also resist external forces by generating internal forces, and it 

will also be pressured by external forces according to the following relationship:   

𝝈 = 𝑭/𝑨𝟎                                                                   (I.1) 

As it represents: 𝝈 Pressure, 𝑭 applied force, 𝑨𝟎 cross-sectional area.   

 Strain: A solid material changes its length when it is subjected to uniaxial compression 

or tension, and this is indicated according to the following equation: 

𝛆𝑳 = (∆𝑳 𝑳𝟎⁄ )                                        (I.2) 

Where represents ∆𝐿 the change in length ∆𝐿 = 𝐿 − 𝐿0 and 𝐿0  represents the original length.  

 Elastic equations and Hooke's law: The modulus of elasticity is defined as the 

modulus that is proportional to the stress and strain on the material according to Hooke's 

law and is dimensionless. When a certain pressure is applied to the material, its volume 

will decrease, which is defined as a relative negative volume, and is explained according 

to the following equation:  
∆𝐩 = −𝐤(∆𝐕 𝐕⁄ )                                                        (I.3) 

Where it represents k the volume modulus, which is the linear portion of the compressive 

pressure to the relative volume diagram, and its unit is GPa. 
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The significant change in volume (∆V V⁄ )relates to its isothermal compression, when the 

volume decreases as a result of applying external pressure and the mass coefficient, and is 

explained according to the following equation:  

𝛃𝑻 =  −
𝟏

𝑽
 (𝝏𝑽 𝝏𝑷⁄ )

𝑻
                                                        (I.4) 

The above equation is simplified as the reciprocal of the compressibility of a liquid or solid 

substance to the volume coefficient (K) as follows: 

𝒌 = 𝟏
â𝑻

⁄                                                                           (I.5) 

The properties of elastic moduli, or what is known as the properties of compressibility, are an 

indication of the intrinsic flexibility of the solidification of a liquid or solid material.  

 Strain and stress curves: External pressure will be applied to the study sample, to test 

the mechanical properties of the sample material, and then the stress will be recorded in 

terms of strain. Figure (I.4) shows an example of the accompanying stress-strain curve, 

in addition to the real stress-strain curve in general. Usually, the stress curves differ 

significantly depending on the materials, as well as the measurement temperature and 

loading speed on the curves. It was also shown through tensile testing experiments on the 

same sample that there were different results.  

Figure I.4 : Stress-strain curves. 

 



Chapter I                         

                   Generalities about nanotechnology and methods for synthesizing nanomaterials 

 
22 

 

I.10.2. Chemical properties 

    Changes in size of nanomaterials are an important reason for the increase in chemical activity, 

which is related to the change in electronic properties. Chemical properties are also partly related 

to the mechanical properties of liquid or solid materials, by how the electrons are arranged 

because the ionization energy increases for nanomaterials, which is defined as the energy 

responsible for removing External electron, this is the result of the closeness of electrons 

compared to microscopic materials and larger scale materials. Chemical activity is also related to 

the composition and structure of the electron, and changing the composition or structure changes 

the degree of catalysis, as nanopowders act as a catalyst and increase the kinetic reaction and 

enhance the effectiveness of the chemical reaction in combustion. An example of this is gold 

(Au) nanoparticles that display an improved catalytic reaction and convert them from a noble 

metal into a reactive catalyst at different scales. It is also possible to benefit from controlling 

porosity at the nanoscale, and using pore size as a mechanical means to isolate the reactants.  

    The valence electron, or what is known as the outer electrons of one atom, interacts with the 

valence shell of the atom adjacent to the solid, which contains several molecules close to each 

other, but retains their basic electrons. In nanomaterials, a huge number of atoms are present on 

the faces of their outer surfaces, meaning that they have very high surface area to volume ratios, 

especially nanoparticles and nanolayers, and as a result both the efficiency of chemical reactions 

and chemical reactions increases, which always places them at the top of the list of desirable 

materials for use in various chemical applications, for example newly developed drugs that are 

characterized by high solubility. Nanoparticles usually exhibit chemistry that distinguishes them 

from their particle counterparts at the conventional scale, and based on this, a new paradigm for 

the application of nanomaterials will be opened.  

I.10.3. Physical properties 

   Reducing the dimensions and measurements of material grains to the nanoscale affects the 

melting temperature, and even affects the physical properties in general. Among the changes to 

the physical properties of nanomaterials compared to materials of a larger size is an increase in 

the number of surface atoms, for example when the size of the materials changes to 10nm, 20% 

of the total atoms will be concentrated on the surface, and when it decreases to a scale less than 
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1nm, 99% of the total atoms will be concentrated on the surface. These materials contain a huge 

amount of atoms that are not chemically bonded, which makes them have a strong possibility of 

bonding with other atoms to reduce kinetic energy, and as a result, high chemical reactions 

appear. In addition, materials with low masses have a high mobility of electrons, while 

nanomaterials with quantum size, the band gap energy increases due to the decrease in the nano 

size.  

I.10.4. Magnetic properties 

    Magnetism arises from electric currents as a result of the rotation of the atom. The intensity 

and strength of magnetic materials increases as the dimensions of the grains and the surface area 

become smaller and the presence of atoms on them increases. Therefore, nanomaterials have 

applications in biotechnology, echo imaging, information storage, and environmental 

remediation. A study was conducted on iron oxide nanoparticles (Fe3O4 NPs) and showed the 

development of spontaneous magnetization due to the quantum mechanical exchange interaction.  

These nanoparticles are also highly dynamic from an industrial standpoint, which makes them 

susceptible to oxidation in the air and loses their magnetic property. To get rid of oxidation, 

magnetic nanomaterials are mixed using different techniques and to maintain the safety of these 

particles.   

I.10.5. Electrical properties  
  The small size of materials to the nanoscale and the increase in the surface density of atoms, 

that is, the increase in the density of the boundary numbers of the grains, reflects positively on 

their electrical properties. Insulating materials increase their ability to conduct electrical current 

at the nanoscale, as nanomaterials are subject to the laws of quantum physics instead of 

Newton’s classics for objects the largest, and as a result, nanomaterials are used in the 

manufacture of microsensors and electronic chips in modern devices, which have high technical 

specifications.   

I.10.6. Optical properties  

  Optical properties are considered one of the most important properties characterized by 

nanomaterials, as they have captured the attention of optics scientists, as the sizes of 

nanoparticles affect the electronic structure, as a result of energy changes through the transfer of 

the electron from the transport band to the valence band, as absorbance and the energy gap are 
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related to changes in these transitions figure (I.5). As for other changes, such as changing size, 

they will change both the electronic and physical properties. To clarify further, the conduction 

and color changes in semiconductors. For example, pure gold grains, which have a diameter of 

200 nm and a golden color, then reduce them to less than 20 nm to become colorless 

(transparent), and as the increase miniaturization, its color changes gradually from green, then 

orange, then red. This property contributes to the manufacture of device screens with high 

resolution, contrast, and purity of colors.   

 

 
 

 

 

 

 
 

Figure I.5 : Absorbance curves for nanoparticles of different sizes.  

I.11. Preparation of nanomaterials  

   When materials are prepared and manufactured in nanometer sizes, they acquire exceptional 

electrical, optical, and magnetic qualities and properties that are not available to them when they 

are in the tangible size, despite the identical chemical composition in both cases, due to the new 

arrangement that the atoms take. The different properties of the prepared nanomaterials depend 

on the size of their granules, and also depend on method used in producing the nanomaterial. 

There are many methods for manufacturing materials at the nanoscale, which depend mainly on 

reducing the grains of the material or what are called top-down approaches, as well as on the 

assembly of the atoms of the material or what is known as bottom-up approaches. Thus, there are 



Chapter I                         

                   Generalities about nanotechnology and methods for synthesizing nanomaterials 

 
25 

 

many methods for preparing nanomaterials and they can be classified into three categories: 

Preparation by physical methods, preparation by chemical methods, and preparation by 

mechanical methods. We will provide an explanation of each of the approaches followed in 

addition to some of the methods used in the production of these nanomaterials as follows [35]: 

 The method is top-down 

       The preparation of nanomaterials is considered a top-down approach by reducing the size of 

the material from the centimeter scale down to the most common and widely used nanoscale 

dimensions, due to its ability to prepare various nanomaterials in large quantities. Among the 

preparation methods is the mechanical grinding method, as there is many literature that has used 

grinding mechanical. Mechanical methods are used in various ways to prepare magnetic 

materials, including the literature[36][37], in addition to the synthesis of nano-drugs in the 

pharmaceutical industry[38][39], and to prepare materials for electronic applications[40-42]. 

However, the literature that uses this method is sparse, and this is due to the limited control over 

the formation and size of nano-grains and also the preparation process takes time. For a long 

time, up to 20 hours[36].   

 The method is bottom-up 

      Most researchers use bottom-up approaches due to the absence of the aforementioned 

drawbacks related to the  top-down approach. This method relies on preparing larger blocks of  

atomic structure [43], that is, moving from a lower scale to the nanoscale, and in this case it relies 

mainly on chemicals.  

  Below we mention among the most widely used and common applied methods for preparing 

nanomaterials.     

I.11.1. Preparation by physical methods  

I.11.1.1. Ablation method using laser beams (laser ablation method) 

  In it, a high-energy pulsed laser is used on a solid target. This process is performed in a vacuum 

room. The laser beam interacts with the target, and then the particles fly away, forming plasma 

and depositing on the base, forming thin strips, Figure (I.6)[27][44][45].  
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Figure I.6 : Laser ablation method[46]. 

I.11.1.2. Physical vapor deposition (PVD) method 

    Physical vapor deposition (PVD) is one of the vapor phase approaches, where thin, nano-thick 

layers are obtained by evaporating the solid material to be deposited at high temperatures and 

under vacuum, then condensing the vapor on the substrates and depositing the coating by 

heterogeneous nucleation growth of crystals. In the beginning, the crystals compete to grow and 

form in a variety of directions to condense at the end of deposition as preferential sites for 

growth, as the high temperature increases the chemical reaction and evaporation of the solvents. 

The PVD method is used to collect nanoparticles, where the material of the thin films and the 

type of substrate are important factors that aid in deposition. Among the literature that used this 

method are Figgemeier and Ogi[47][48], and it is possible to deposit many types of materials in the 

form of thin layers and nanostructures using various PVD processes, for example, electron beam 

physical vapor deposition, evaporative deposition, cathode arc deposition, and ion plating, in 

addition to improved sprays, and these are used Coatings are used in various applications such as 

optics, automotive, medical, firearms, paints, etc. The physical vapor deposition method was also 

used in 2010 by NASA scientists at the NASA Glenn Research Center in Cleveland 

Ohio[35][49][50].  
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I.11.2. Preparation by chemical methods  

I.11.2.1. Sol-gel Method[50][35][16]  

  Sol-Gel methods are among the most common methods for synthesizing particles, as this 

method goes through two stages: The liquid phase (sol), then after a period of time the material 

evaporates, turning into the gel phase, and therefore it is called the sol-gel method. Its 

importance lies in the ability to control the nanostructure during the initial manufacturing by 

controlling the size of the particles and the homogeneity of their distribution, and it begins This 

method involves dissolving powdery raw materials, or what are known as precursors, to turn into 

a colloidal solution, which is similar to a fluid containing sediments of ultra-fine solid 

nanoparticles to gradually develop into a gel. Then, the incoherent gelatinous material can be 

isolated and the nanoparticles can be obtained using factors such as filtration, drying, or 

Centrifugation is an easy-to-use and low-cost method. The solution is used to dip the surfaces of 

materials to protect them from corrosion, as well as to deposit its particles in the form of layers 

and to produce ultra-fine nanoparticle powders. This method was used especially with metal 

oxides[51-53], but in contrast it has some disadvantages such as the high cost of precursors[54][55], 

and low Purity coupled with long reaction times, which can hamper scaling up the technology to 

a viable level[56].   

 

 

 

 

Figure I.7 : How to prepare nanoparticles using sol-gel technology[57].   
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I.11.2.2. Hydrothermal Method     

   The hydrothermal method is considered one of the most common methods for preparing 

nanoparticles, and it received great attention from scientists in various specialties. It was used for  

the first time by the British geologist Roderick Murchison during 1792-1871 to describe the 

formation of minerals and rocks through changes in the Earth’s crust by the influence of water in 

the presence of pressure. And high temperatures, as the hydrothermal method has been used to 

synthesize nanomaterials in many literatures[58-61] as a result of the presence of water as the main 

reaction medium to dissolve the materials and recrystallize them under high temperature  and 

pressure instead of harmful solvents. Therefore, it is consid a green or sustainable technology, 

and the shape can also be controlled by controlling the vapor pressure resulting from the reaction 

using either high or low pressure. This technology relies mainly on the chemical reactions of 

materials in the middle of the heated solution and the  surrounding pressure and temperature. In 

particular, the solution is placed in an autoclave device consisting of a steel pressure vessel under 

high temperature and pressure. And increases the solubility  of the metal and the crystals 

precipitate and grow on the substrate. One of the advantages of this technology is that it can 

produce nanomaterials with minimal material loss. The distribution of crystals and their size can 

also be controlled by controlling parameters such as reaction time and temperature. The type of 

solvent and precursor, in addition to the fact that unstablenanomaterials can be produced in the 

presence of high temperature. The hydrothermal method has been used by  many researchers to 

produce nanomaterials such as nanotubes, graphene sheets, nanodiscs, in addition to casings 

hollow nanoscale. Multiple types of raw materials can also be used, such as metals[62], 

carbon[63][64], metal oxides[65-69], sulfides[70], phosphates[71][72], hydroxides[73], and accordingly. It 

is clear how versatile this technology is and how it relates to a variety of applications[35][57][74].        

I.11.3. Preparation by mechanical methods 

I.11.3.1. Ball milling method 

     Preparing nanomaterials at the lowest cost represents a major challenge, and methods have 

been developed from the bottom up and from the top down to produce these materials, as high-

energy ball milling is a widely used method among the top-down production approaches. The 

mechanical grinding method relies on producing nanomaterials in the form of a powder whose 
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size ranges from 3 to 25 nm, by placing the material under very high energy and grinding it with 

steel balls in a vertical, vibrating, or planetary manner. It has been used to manufacture nano-

aluminum alloys, corrosion-resistant paint, and many others. Of other nanocomposites [75-77]. 

I.11.3.2. Mechanical structure method 

     The method involves crushing coarse grains consisting of micrometer particles of several 

mixtures, obtaining the smallest microstructure sizes from nanoscale deposits with the 

appearance of bulky materials, where the nature of gases and temperature also greatly affect the 

composition of the final product [50][78][76]. 

I.12. Nanotechnology applications 

  Nanotechnology is considered one of the promising technologies that is expected to lead to 

major changes in various fields, especially medical fields and industrial fields such as the field of 

communications and information, the field of energy and its technologies, in addition to the field 

of food preservation and manufacturing. Perhaps the extensive use of nanotechnology has been 

in the medical and scientific fields, as well as It can contribute to finding new materials and 

products, as nanotechnology currently assumes the creation of new materials and their synthesis 

at the molecular and atom level. That is, the idea of using nanotechnology is to rearrange the 

atoms that make up the materials in their correct position, and whenever the atomic arrangement 

of the material changes, it changes. Resulting from it to a large extent. Nanotechnology has 

already entered into application, and a dye-sensitive nanocrystalline cell was used to generate an 

electric current in solar cells. Materials made of nanoparticles that keep floor surfaces shiny were 

also produced by the American company nanophase, also, nanoparticles of TiO2 were produced 

and added to the glass, which work to resist dirt, by the Japanese company Nippon. And not only 

that, but a waterproof layer with nanoparticles covering the leaves, protecting them from getting 

wet, was made at the lowest cost by Sally Ramsey, and in the field of electronics, 

nanotechnology will help in greatly reducing the size of electronic devices. A theory of 

resistance was discovered, which appears when dealing with electric current and magnetic fields 

at the atomic level, by the French scientist Ver and the German scientist Grünberg, which is 

called giant magnetic resistance, which contributed to saving data and information in hard disks 

and increasing their storage capacity very significantly by transforming the fields magnetism into 
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an electric current so that the computer can read it. As for the field of communications and 

information, nanotechnology is used in the manufacture of cables, networks, and circuits that can 

achieve a breakthrough in this field, in terms of the carrying capacity and efficiency of these 

circuits, and this appears in the size of the product or its high efficiency, as well as In modern 

devices such as computers and mobile phones, food nanotechnology is also considered an 

emerging field of interest that opens up a whole world of new possibilities for the food industry, 

as food security is among the most important issues that people care about, as anti-microbial and 

anti-fungal nanoparticles made from the metals silver, magnesium and zinc have been used, in 

the covers of food preservative containers, they are characterized by being more durable,        

heat-resistant, and lighter than others. Nano chips also represent insulating materials to prevent 

food spoilage and the absorption of oxygen. In addition, glass and cardboard containers have 

been produced that contain nano-covers that act as a barrier that prevents the passage of flavors 

and gases. Nanomaterials are also used to significantly accelerate chemical reactions. For 

example, metal nanocatalysts undergo high catalytic treatment, as nanocatalysts are important in 

the chemical industries, environmental treatment, and petroleum refining. An electrocatalyst 

consisting of nickel metal nanocomposites has been used for the electrocatalytic oxidation of 

methane, where Methane can be electrochemically oxidized to produce syngas, electricity and 

heat, while causing very low environmental pollution. Nanomedicine is considered one of the 

most important fields of application of nanotechnology, and even the most important of all, due 

to its direct connection to human life and health. The recent development in nanotechnology has 

helped change the medical rules used in preventing, diagnosing, and treating diseases. 

Nanotechnology, for example, provides new methods from drug carriers inside the human body 

are able to target different cells in the body, monitor disease sites, inject drugs, order cells to 

secrete appropriate hormones, and also confront the most deadly diseases in humans. Diagnostic 

devices can also benefit from advances in nano applications in the field of electronics, such as 

imaging devices. Magnetic resonance imaging, X-ray imaging devices, and ultrasound imaging 

devices[16][29][32].  
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I.13. Conclusion  

  Through the above, we have touched on generalities about nanotechnology and the most 

important information about this modern technology, to provide an understanding of the 

behavior of nanomaterials and the change in their properties compared to traditional materials. 

We also conclude through this chapter that the rapid development of nanotechnology and science 

has led to the progress and development of other technologies and industries. It is one of the 

most important technologies today and in the future, and nanotechnology has become the 

forefront of the most important fields because of its ability to manufacture electronic devices 

with the smallest size and the highest efficiency in terms of speed and quality in performing 

various operations, and in improving human service in all areas of life, and this can be achieved 

improvement by modifying the scale of microstructure, in addition to giving great hope for 

future scientific revolutions in physics, chemistry, biology, engineering, etc. Therefore, must 

work to take advantage of the distinct properties of nanomaterials to create innovations and 

inventions that benefit humanity in many scientific and industrial fields and to speed up and 

facilitate life in various aspects.     
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Chapter II : Basics of electronic spin technology and its 

applications 

II.1. Introduction 

  Over the past few decades, a new research topic known as spintronics has flourished, and this 

in turn has led to developments in information and communication technologies, in which 

electron spin as well as charge are addressed and is closely related to the quantum property of the 

electron, resulting in features smaller than 100 nanometers in size and miniaturizing 

semiconductor electronic devices while increasing their capabilities, performance, reliability and 

functionality, as recent studies have shown that it is possible to work on the rotation of charge 

carriers and use this quantity to modify the electrical and optical properties of semiconductor 

structures. The working principle of Spintronique devices is based on a simple scheme, by 

storing written information in the spins as rotating in a specific direction (up or down) and 

connecting them to mobile electrons to carry the information along the wire and read it at the 

station. The spin direction of the conduction electrons persists for a relatively long time 

(nanoseconds) during which the electron momentum decays, making these devices already in 

industrial use as storage and memory applications and as magnetic field sensors for hard disk 

read heads [1]. 

II.2. The electron spin  

II.2.1. Electron discovery  

  In 1897, British physicist Joseph Thomson was able to discover the electron through its kinetic 

activity, using cathode rays while conducting vacuum tube experiments. It is considered among 

the elementary particles that were discovered before other components of the atom, and even 

before the atom itself. It was later called the atom. “Electron” was based on a proposal by Irish 

physicist George Stoney, which gained worldwide acceptance[2]. Thomson also learned about 

some of the properties of the particle of matter (the electron). He expected it to be two thousand 

times smaller than the hydrogen ion, which is the lightest atomic particle ever discovered, and 

which enabled scientists to understand the nature of electric current and the atomic structure of 

matter [3]. 
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II.2.2. The internal angular momentum of an electron  

       Experimental evidence has shown that the electron has angular momentum independent of 

its orbital angular momentum. These experiments suggest only two possible states for this 

angular momentum, and they follow the pattern of a 1/2 angular momentum quantum. Angular 

momentum and magnetic momentum can indeed arise from a rotating ball of charge. But this 

classical conception cannot fit the size or nature of the spin of the electron. The electron spin 

property must be considered as quantum epistemic without a detailed classical analogy. The 

quantum number associated with the electron spin follows the characteristic pattern[4] : 

S=√𝑺(𝑺 + 𝟏)ℏ,       S=
𝟏

𝟐
,       ms= ±

𝟏

𝟐
                                                         (II.1) 

II.3. Self-Spin  

    When certain elementary particles move through a magnetic field, they are deflected in a way 

that suggests they have small magnetic properties. In the classical world (classical physics), a 

rotating charged body has magnetic properties very similar to those exhibited by these 

elementary particles, so physicists described elementary particles as they are particles that have a 

self-spin.    

   But it is misleading to conjure up an image of the electron as a small, rotating object. Instead, 

one must accept the observed fact that the electron is deflected by being exposed to a magnetic 

field. If one insists on the image of a rotating object, real contradictions will emerge. Unlike a 

small tossed ball, for example, the spin of an electron does not It never changes, and has only 

two possible directions. In addition, the idea that electrons and protons are rigid “bodies” that 

can “spin” in a vacuum is difficult to maintain in itself given what we know about the rules of 

quantum mechanics, yet the term “self-spin” is still used [5]. 

II.4. The scientific and technical perspective of self-winding  

   Starting in the 1920s, scientists Otto Stern and Zalthergeiach from the University of Hamburg 

conducted a series of important experiments on a beam of atomic particles, knowing that all 

moving charges produce magnetic fields. They proposed measuring the magnetic fields produced 

by electrons revolving around the nuclei in atoms. But what surprised the two scientists was that 

the electrons themselves behaved as if they were rotating around themselves very quickly, 

producing small magnetic fields independent of those magnetic fields resulting from their orbital 



Chapter II  

                                                                                            Basics of electronic spin technology and its applications  

 
42 

 

movement around the nucleus. The term “self-spin” was soon used to describe this apparent 

rotation of subatomic particles. 

   Self-spin is considered a strange physical quantity. It is similar to the rotation of a planet 

around itself, as it gives the particle angular momentum and a small magnetic field. Based on the 

known sizes of the particles, the surfaces of these charged particles must move faster than the 

speed of light in order to produce the measured magnetic moments. In addition, This determines 

the spin that has specific discrete values, and these factors create all sorts of complications that 

make spin one of the most difficult aspects of quantum mechanics.   

    In a broader sense, self-spin is a fundamental property that affects the arrangement of 

electrons and nuclei in atoms and molecules, giving it great physical importance in chemistry 

and solid-state physics. Likewise, spin is a fundamental consideration in all interactions between 

subatomic particles, whether in high-energy particle beams, or in liquids with the low 

temperature or weak flow of particles from the Sun is known as the solar wind. In fact, many if 

not most physical processes, ranging from the smallest nuclear scales to the largest astrophysical 

distances, depend heavily on particle interactions and the self-spin of those particles. Self-roll 

represents the total angular moment of an object. The self-spin of elementary particles is similar 

to the self-spin of macroscopic bodies. In fact, the self-spin of a planet is the sum of the values of 

the self-spin moments and the orbital angular moments of all its elementary particles, as well as 

the self-spin of other complex bodies such as atoms and protons (made up of quarks) [6].  

  

 

 

 

 

 

 

 

 

Figure II.1 : Stern-Gerlach experiment. 
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II.5. Definition of electronic spin  

    Spin, in quantum mechanics, can be observed somewhat vaguely, which does not have a very 

precise classical counterpart. However, it turns out that the rotation of the electron around itself 

is responsible for the origin of magnetism, and the magnetic moment can take values  S= ± 1/2 

and this is according to the direction of the magnetic field. The rotation of an electron around 

itself in a counterclockwise direction is also known as a spin up electron. If it rotates in a 

clockwise direction, it is called a downspin electron[5]. 

 

 

 

 

 

 

 

 

Figure II.2 : Electronic spin (Up=+1/2, Dn=-1/2) [7]. 

II.6. Basic principles of spintronics  

     The basic principle of electron spin includes the spin-dependent properties of the electron in 

addition to its charge- and mass-dependent properties, as it considers the angular momentum of 

the particle that cannot be lost or gained. It also makes possible the possibility of its use in 

purely quantum applications such as quantum computers due to the quantum nature of spin. 

Which represents two possibilities for the two naturally occurring states “0” and “1” in logical 

operations.  

II.6.1. Spin electronics and magnetism 

      Electric charges, which are electrons and holes in semiconductors, are used to transmit and 

capture information. This is in classical electronics. In addition to their charge, they possess a 

magnetic moment, which is rotation. This spin of the electron causes the appearance of 

magnetism in magnetic materials, where the number of lower-spin and upper-spin electrons 
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differs, and these electrons are the same as the electrons participating in electrical transmission. 

However, the similarity of the number of upper-spin electrons with the number of lower-spin 

electrons leads to the incompatibility of magnetic fields and the emergence of so-called non-

magnetic materials, whether metallic, semiconducting or insulating, as this difference is 

considered the first basic principle of spin electrons[8-11]. 

 

 

 

 

 

 

 

 
Figure II.3 : A diagram of the electron spin that determines the direction of the magnetic lines 

and poles formed[12]. 

II.6.2. The direction of the electronic spin is preserved 

   Electrons spread in metals and their movement slows down as a result of the presence of 

crystalline defects. Despite the collisions they are exposed to, propagation is neglected with a 

reversal in the spin directions of the electrons. Therefore, the lower and upper spin electrons 

generate two electric currents in parallel, and this is called Mott approximation[13]. 

II.6.3. Spread of electrons according to spin 

       The diffusion of electrons in magnetic materials such as iron and nickel varies depending on 

their spin, since these materials have an unequal number of electrons with an upper spin and a 

lower spin that form a local magnetic field. Therefore, the propagation potential of the current-

conducting electrons will be either completely parallel to the local magnetic field or anti-parallel 

(reverse).  
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II.6.4. Electron spin accumulation  

    When an electric current passes from a magnetic material to a non-magnetic material, an 

insulating region will appear in which electrons accumulate. This is because the number of 

upper-spin and lower-spin electrons is different in magnetic materials, while their number is 

equal in non-magnetic materials. As the buffer zone accumulates upper-spin and lower-spin 

electrons, but they are not as different as they are in the magnetic material, nor are they equal 

like the non-magnetic material.   

II.7. spintronics phenomena  

II.7.1. Great magnetic resistance 

      The discovery of the greatest magnetic resistance (GMR) quickly attracted attention due to 

its potential applications in exploiting electronic spin, as it was discovered in 1988 in Orsay, 

Germany, on multiple, alternating layers of very thin layers of iron and chromium, where 

chromium is a non-magnetic material and the iron was magnetized. In different directions 

according to each layer. Studies of great magnetic resistance have doubled in many laboratories 

and at the experimental level Stuart Parkin and others have demonstrated the presence of GMR 

in Fe/Cr, Co/Cr and Co/Ru layers prepared by the simple method by spraying. The electrical 

resistance of a conductor changes when it is applied to a magnetic field, which is called magnetic 

resistance. This magnetic resistance is amplified by multiple magnetic layers made up of 

alternating layers of magnetic and non-magnetic metals, which is GMR, or giant magnetic 

resistance[14-16]. 

     Conduction currents were applied to the Cr/Fe model, where chromium represents a           

non-magnetic material and iron was magnetized in different directions. According to the applied 

current, the following cases resulted:  
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II.7.1.1. Cross stream perpendicular to the plane of layers (CPP)  

     In most metals, electrons are subject to inelastic and elastic collisions. Neglecting the 

possible processes of electron re-rotation, it can be considered that the current is transmitted in 

the metal by two types of electrons: upper-spin electrons and lower-spin electrons, in which the 

electronic spin information is preserved. At the level of transmission distance, this distance is 

called the propagation length.  

     When an electric current passes between two layers of iron metal such that the two layers are 

aligned in parallel and are magnetized in opposite directions and in the middle is a layer of non-

magnetic chromium CPP (AP) metal, this causes an imbalance in the spin groups between the 

two metals, and this is due to an imbalance in the number of electrons spinning up and down, 

which leads to the emergence of a transition region in which the spin is coordinated, this idea 

was first introduced independently by Van Son and Johnson. In this case, the upper-spin 

electrons cross the first layer, but face severe resistance when they reach the last layer, while 

fewer of lower-spin electrons that can cross the first layer can easily cross the last layer. In the 

case of magnetization of the two layers in the same direction CPP (P) by passing the electric 

current, the upper-spinned electrons will be able to cross the first layer and will not find any 

resistance as they pass through the layers. However, on the other hand, the lower-spinned 

electrons will find strong resistance at the first layer, and some electrons will pass through it to 

be able to pass the next layer with ease and without any resistance[13][17-20].  

 

 

 

 

 

 

 

Figure II.4 : A diagram showing the path of electrons in a CPP configuration and the terms AP 

and P corresponding to parallel and anti-parallel magnetization. 
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II.7.1.2. Current parallelism in layers plane (CIP)  

      The propagation of electric current in parallel over layers such that the magnetization of the 

two iron layers is opposite in direction is somewhat more complicated, as the difference in 

propagation potential for each type from types of carriers in a ferromagnetic metal must be taken 

into account. In this case CIP (AP), the electrons move through all layers in a random manner, 

regardless of their spin, as a result of being exposed to strong resistance that hinders their 

movement. At the end of the layers, only electrons with self-spin that are compatible with the 

magnetization of the layer are able to cross outside the path. In the case of magnetization of the 

two layers of iron in the same direction CIP (P), the electrons with a spin that is compatible with 

the magnetization of the two layers will pass easily and will not be exposed to any resistance that 

hinders their movement, while electrons with a spin that is opposite to the magnetization of the 

two layers will be exposed to severe resistance and a small number will escape through it. As the 

resistance of each channel includes the average of the different diffusion processes that the 

electrons undergo throughout their journey, and through the various cases it becomes clear that 

the electrons in the  CPP (AP) mode are exposed to the greatest magnetic resistance[21][13][17-20]. 

 

 

 

 

 

 

Figure II.5 :  A diagram showing the path of electrons in a CIP configuration and the terms AP 

and P corresponding to parallel and anti-parallel magnetization.  
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II.7.2.Transition Zone   

  During the formation of the simple case geometry (CPP), which consists of two magnetic iron 

metal layers, aligned in parallel and asymmetrical as a result of the different spins of the 

conduction carriers, either up or down, with a layer of normal, from non-magnetic metal in the 

middle, as shown in the figure (II.6). In this case, the current electrons move between the layers 

from the first layer with spin to the top, through the interlayer (ordinary metal), to the second 

layer with spin to the bottom. As a result of the electrons passing through the middle layer, the 

spin groups in the two layers are disturbed due to the difference in the number of spin electrons 

between the two layers. This is because magnetic metals have a different number of electrons 

with upper and lower spins compared to non-magnetic metals, which are equal. Electrons 

accumulate in this region to gradually harmonize the spin and it is called the transition region. 

The system moves from a state of spin imbalance to a state of spin balance, where the maximum 

magnetism resistance (GMR) depends on the spin buildup and it increases in this configuration 

(CPP) compared to the CIP model, which does not contain the spin buildup phenomenon as a 

result of the transfer of electrons parallel with the layers[17][22].     

 

 

 

 

 

Figure II.6 :  Schematic diagram showing the spin accumulation region in the case of                        

the Fe/Cr layer.  
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II.7.3.Tunnel magnetic resistance TMR  

     Some disadvantages of high magnetic resistance may appear in practical applications, such as 

the need to use advanced techniques to measure resistance, including superconducting contacts. 

In addition, it is generally difficult to separate layers magnetically. To facilitate these difficulties, 

a simple structure was created, which is called a tunnel junction, which consists of two layers. 

Two magnets separated by an insulating material and connected to two probes for current and 

voltage. The magnetism is determined in the first layer and the direction of magnetization in the 

second layer is controlled according to the magnetization of the first layer. The ferromagnetic 

state is determined by measuring the intensity of the current, where the high current represents 

the ferrous layer and the low current represents the antimagnetic layer. When the current passes 

through the first magnetic layer, the electrons whose spin is directed in the direction of the 

magnetization of the layer will be able to pass through, and accumulate in the insulating area to 

form a tunnel. Then two cases are considered:  

 If the second layer has magnetization in the same direction as the first layer (P), the 

electrons pass through the insulator through the tunneling effect, and the 

magnetoresistance is weak. 

 If the second layer contains magnetization in the opposite direction of the first layer (AP), 

the electrons will not be able to cross the second layer. However, only some electrons are 

able to cross the barrier, and therefore the current that crosses is weak and the magnetic 

resistance is large, as shown in the figure(II.7)[23][24].     

   

 

 

 
 

Figure II.7 :  A diagram showing a magnetic tunnel intersection in parallel and antithetical 

states. 
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II.7.4. Spin electron transfer through carbon nanotubes and nanowires 

   Functional performance is related to the property of metals and ferromagnets with spin 

electrons. Work is being done to combine the field of molecular electronics and their spin, and 

this is likely to lead to many advantages in the field of industry due to the use of electronic spin 

mechanisms, and in this race towards organic spin devices, as An important place is the use of 

carbon nanotubes, which are ideal carriers with significantly long coherence length. They are 

virtually defect-free graphene sheets with coiled particles of enormous aspect ratios. Carbon 

nanotubes are an ideal playground for examining both GMR and TMR. Because of their bonding 

with other materials, it would be expected that two tubes with different anisotropy would bond to 

a magnetic surface in a similar way, and it has been reported TMR like transport via carbon 

nanotubes has already been reported experimentally by several researchers[24-28].     

   The bonding between other materials and nanotubes is among the properties that are relevant to 

the physics related by agreement of radially the Fermi level to the tube axis, where the transport 

between the nanotube and a magnetic metal is determined by the overlap between the 

corresponding Fermi surfaces figure (II.8), in case (a) when the Fermi wave vector 𝐾𝐹
↑and 

𝐾𝐹↓is larger than the Fermi wave vector of the carbon nanotube. There is always a k-vector for 

the magnetic metal that matches the Fermi wave vector for both spins. Therefore, the two spins, 

can be crossed in the tube and the total resistance is independent of the spin and is small. As for 

case (b) when the Fermi wave vector 𝐾𝐹
↑ and 𝐾𝐹

↓ is smaller than the Fermi wave vector of the 

carbon nanotube, there are no states available for the metal contact whose wave vectors exactly 

match the Fermi wave vector of the carbon nanotube, and the spin electrons can propagate out of 

the Fermi surface into states with large longitudinal momentum. It can also be expected that 

increasing the temperature may lead to a reduction in the resistance of the spin-up electrons, 

while leaving the spin-down electrons unchanged. As for case (c), when the Fermi wave vector 

𝐾𝐹
↓ is smaller than the Fermi wave vector of the nanotube At the same time, the Fermi wave 

vector of the carbon nanotube is greater than 𝐾𝐹
↑, the majority of the electrons will be able to 

enter the carbon nanotube and become completely polarized. An increase in temperature can also 

lead to a deterioration in polarity, and this is due to the fact that the high energy states are 

occupied by the spin electrons. Rotational polarization also depends on the identity of the 
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number of occupied states with longitudinal momentum and the type of the                                     

carbon nanotube[24] [4].         

 

 

 

 

 

 
Figure II.8 :  A diagram showing the alignment of planes at the magnetic contact point. 

II.8. Electro-spin applications 

     Spintronics applications depend on taking advantage of the spin of electrons, by developing 

electronic materials that are characterized by the transfer of spin instead of its charge only in 

materials based on semiconductors, which consist of magnetic semiconductors and 

ferromagnetic metals, as traditional electronic devices depend on the transfer of electrical charge. 

Through holes and electrons without exploiting the spin. The advantages of these devices over 

traditional non-magnetic devices are their speed in data processing, their low energy 

consumption, as well as their small size. It is possible to create data storage devices that operate 

at the speed of light and at the size of an atom, as well as computer memories that are thousands 

of times denser and faster. In the near future, it is expected that devices based on spin electronics 

will spread. Hence, we must deal with the contradictory and sometimes ambiguous quantum 

mechanics, and the dominance of wave properties over the behavior of electrons with their 

quantum properties, which is the spin that is closely related to magnetism. Among the spintronic 

devices are the quantum computer and the magnetic resistance random access memory              

(RAM-M) with TMR technology, spin scanner and spin transistor, in addition to sensors, 

biomedical applications, quantum computing, etc[29].     

 

(a) 

(b) 

(c) 
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 The difference between a traditional transistor-based computer and a quantum computer 

lies in the use of quantum mechanical phenomena such as entanglement and 

superposition to represent the data operations it performs, and it will be able to solve 

some problems faster, and this is because the basic unit of information (quantum qubit) is 

not binary but rather quaternary, and this property arises as a result directly due to its 

commitment to the laws of quantum mechanics, it exists in states corresponding to a 

mixture or superposition of the classical logical state 0 or 1, that is, it can exist in the 

form of 0 and 1 or in the form of 0 or 1 with the presence in each case of a numerical 

coefficient, and the coding information is determined within a single quantum qubit and 

exists In a superposition from 0 to 1 for use by a quantum computer, since each electronic 

spin represents one qubit, the superposition can also change randomly from 0 to 1 as a 

result of interaction with the environment, disrupting the superposition or decoherence 

states, and it happens quickly because the electric force Between the strong and long-

range charges, this is a disadvantage in contrast to conventional semiconductor devices. 

To develop these quantum devices, quantum computing research has been supported by 

many government and military funding agencies, although it is still in its infancy. 

Experiments have already been conducted in which quantum computing processes have 

been used, and theoretical and scientific research is still continuing in this field [29].     

 RAM-M is considered one of the first spin-electronic devices that were invented, as it 

does not lose stored information after turning off the power, as it relies on the integration 

of a magnetic tunnel junction, which is a device with two layers of metallic ferromagnets 

with a thin insulating layer in the middle. When an electric current crosses the device, a 

small number of electrons are able to cross the insulating layer through the process of 

quantum tunneling despite the presence of strong resistance. The tunneling current is 

hindered when the two magnetic layers have opposite directions and allowed when their 

directions are identical, and information is stored as magnetic poles instead of charges 

electric[31][32].  
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Figure II.9 :  Magnetic resistance random access memory (RAM-M). 

 The spin scanner is considered an innovative and effective technology for detecting 

cancer cells while they are still very small. Its principle is based on the use of a beam of 

polarized electrons with a uniform spin in a specific direction. The spin of electrons is 

detected by analyzing the polarization of the spin of the electron beam using a Muller 

polarimeter. This experiment must also be in a medium with an external magnetic field, 

by shedding a strong magnetic field on the patient’s body in order to attract the cells, and 

then inserting A spin-polarized electron beam is directed toward the unaffected part of 

the body. The change in the direction of the spin is detected using a polarimeter. After 

that, a spin-polarized electron beam is inserted toward the part that underwent surgery. If 

the first spin cancels the second spin, the The result is zero, which indicates that the 

cancer cells have been removed from the body, and in this way it effectively detects the 

presence of cancer cells in the specific area.   

 Quantum transistors are characterized by detecting spin states without the need to apply 

an electric current. It also uses spin states up and down to generate binary data, where the 

upper electronic spin represents 0 and the lower electronic spin represents 1. It also uses a 

“spin-flip” mechanism to change the state of the diode from 0. To 1, in addition to the 

fact that the electronic spin is semi-permanent, which helps to develop detectors that are 

much smaller but more sensitive than others, and therefore it is expected that these 

devices can store more data in less space and consume less energy, in addition to using 

less expensive materials. Quantum transistors are often used in the production of 

computer RAM, and more sensitive sensors are also being created for cars.    
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      The use of electronic spin in new devices is revolutionizing the twenty-first century, as it is 

capable of changing life towards an unexpected digital atomic world, and this will make things 

cheaper, smaller, and more useful to all of humanity [33][34]. 

II.9. Conclusion  

   In this chapter, we have discussed the basic concepts of electronic spin technology, which is 

considered one of the most promising techniques for miniaturizing semiconductor electronic 

devices and even leads to features smaller than 100 nanometers in size. We have also touched on 

its applications in future electronic devices. Electronic spin technology, or what is known as 

“Spintronics” devices, is considered among the new branches of electronics in which the spin of 

the electron is processed, in addition to the charge, and thus dealing with the quantum property 

of the electron, which leads to obtaining smaller and more affordable devices, and this is what 

prompted us to do more research in this field.  
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Chapter III: Laboratory synthesis of nanomaterials 

and analysis methods 

III.1. Introduction 

   In this chapter, we will be interested in presenting the practical aspect of how to prepare thin 

layers of magnesium oxide and silicon dioxide using the hydrothermal method. This will address 

the stages of their preparation in terms of using natural resources as raw materials, assembling 

them, then mixing the solutions and preparing the appropriate substrates for film deposition. 

Their thickness is measured at deposition temperatures of 150, 200, and 300 degrees Celsius in 

the presence of a change in the strength of the applied external magnetic field, and then their 

composition is examined to ensure the deposition of (MgO-SiO2) films with good specifications, 

using various devices to measure and analyze the properties of thin layers. This process can be 

summarized according to the following steps:  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III.1 : Steps for experimental work. 
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(150-200-300°C) and in the presence of a strong applied magnetic field 

Cleaning and preparing the 

substrates 

Preparing the raw material 

 

Preparation of thin films (MgO-SiO2) from natural resources 

 

Chemical preparation of the 

solution 

 

SEM, EDX, 

FT-IR 

DRX 

 



Chapter III 

                                                                                   Laboratory synthesis of nanomaterials and analysis methods 

 
60 

 

III.2. Preparation of thin films (MgO-SiO2) from natural resources  

III.2.1. Preparing the raw material 

  The raw material was collected by searching for a certain number of rocks in the Ouargla 

region. The rocks are distinguished by their color and size. In our study, a sample of brown rock 

was taken, and then the geographical location was determined using the application’s GPS 

coordinates, which took the following values. : X=5.53, y=31.80, h=192 m. To prepare this 

sample for use, we polished it in order to get rid of the impurities accumulated in its outer layer 

and increase its purity using a polishing device of the type (MECAPOL-P255 U). Then it is 

crushed and broken to reduce its size to a few grains whose dimensions range from millimeters 

to centimetres, and to obtain a fine powder. It is very similar to soft flour in shape and is ready 

for use. It is placed in a mechanical grinding device for about a quarter of an hour.  

Figure (III.2) represents the procedures taken to prepare the rock sample.  

 

 

 

 

 

 

 

 

Figure III.2 : Stages of rock sample preparation.  
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  The molecular and crystalline structure of the rock sample was identified and studied, and its 

components were identified using a group of chemical and physical spectroscopic analysis 

methods, represented by the X-ray diffraction technique using the DRX device, and X-ray 

fluorescence (XRF), and FT-IR absorption spectroscopy, and it turned out that the rock sample 

consists mainly of α-quartz with a concentration of 69%. It also contains other compounds in 

relatively weak concentrations, and as XRF technology showed the concentrations of the 

chemical elements that make up the sample in atomic concentration, it was found that it contains 

24.07% of magnesium and 21.83% of silicon in addition to indium with 19.67% and rhodium 

with 14.40%, while Other elements appeared in weak percentages not exceeding 5%, and FT-IR 

technology confirms that most of the bonds appearing in the sample indicate the presence of the 

quartz compound.    

III.2.2. Chemical preparation of the solution  

  The chemical solution was prepared and a homogeneous liquid was obtained by placing a mass 

of 5 mg of sodium bicarbonate (CHNaO3) and copper (Cu), after which 10 mg of potassium 

chromium oxide (K2CrO4) and the rock material were placed, which was weighed using a 

sensitive balance from Type (DENVER INSTRUMENT SI-114). Then it is dissolved in a 

volume of 20 ml of ion-free water and the solution is mixed with a magnetic mixer for 10 

minutes in order to obtain complete dissolution and thus obtain an aqueous solution. The solution 

is left for 24 hours at room temperature to ensure its homogeneity and stability. The properties of 

these elements can be summarized. Chemicals in table (III.1) are as follows:   
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Table (III.1): Properties of materials needed for the chemical preparation of the solution [12-17].      

Element 
chemical 

formula 

Shape and 

color 

molar mass 

(g/mol) 

Volumetric 

mass                   

(g/ Cm3) 

melting point     

(°C) 

Sodium 

bicarbonate 
CHNaO3 

Solid 

white in 

colour 

84.01 2.20 109 

copper Cu auburn 63.546 8.96 1.085 

potassium 

chromium oxide 
K2CrO4 yellow 194.19 2.73 968 

 

Figure (III.3) shows the chemicals for preparing the solution and the final solution prepared. 

  

 

 

 

 

 

 

 

 

Figure III.3 : Chemical materials for preparing the solution, (a) Sodium bicarbonate (CHNaO3), 

(b) Copper (Cu), (c) Potassium chromium oxide (K2CrO4), (d) Rock material, (e) The prepared 

solution.   

a) b) c) 

d) e) 
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III.2.3. Preparing the substrates   

   The substrates used in the membrane preparation process are heat-resistant glass substrates. We 

used Microscope Slides type substrates supplied by the German company SUPE RIOR, and their 

dimensions are approximately 76 x 26 x 1 mm3. It is known that measurements and physical 

properties are affected by the surface condition of the substrate, so the process of cleaning these 

substrates went through several stages after they were cut into parts to obtain substrates free of 

impurities by removing fats and traces of dust and thus facilitating the process of good adhesion 

of the solution in the form of thin layers. 

    First, it is washed with plain water and one of the washing powders to get rid of any remaining 

suspended materials. Then we wash it under running water to ensure the powder is removed. 

After that, it is immersed in nonionic water for 15 minutes and placed in a beaker containing 

acetone solution. Finally, it is washed again with nonionic water for 5 minutes. After the 

cleaning process is carried out, the substrates are dried well, weighed using a sensitive scale, and 

placed in a special container for glass substrates before the deposition process is carried out.    

III.3. Preparation of MgO-SiO2 films by hydrothermal technique  

   After preparing the solution and preparing the substrates and cleaning them well, the substrate 

was placed in the solution in a Teflon container, then the solution and the substrate were placed 

in a drying oven and heated at a different deposition temperature (150-200-300 degrees Celsius), 

as the deposition was performed at growth times of 120 minutes when exposed Two external 

magnetic fields have the same direction. In the second stage, two external magnetic fields are 

applied so that the external magnetic field has a direction opposite to the direction of the other 

field. After the specified period of time, the substrates are removed and rinsed in non-ionized 

water. This method is considered low-cost and easy to handle. Compared with other methods due 

to limitations of the equipment and the process itself, making it difficult to produce on a large 

scale[18].     
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III.4. Measurements to study the properties of thin layers  

III.4.1. Measuring the thickness of films  

  There are many methods for measuring the thickness of thin films, as it is considered one of 

the important parameters for studying and determining physical properties, including the 

gravimetric method, whereby the glass substrates were weighed before the material deposition 

process using a high-sensitivity balance, and after deposition, the difference in weight was then 

determined to obtain the thickness of Through the following equation[19]:    

𝒕 =
𝒎𝟐−𝒎𝟏

ñ𝒕𝒐𝒕𝒂𝒍 .𝒔
                                                                                                 (III.1) 

whereas:  

m1: Weight of substrate before film deposition (g). 

m2: Weight of substrate after deposition (g).  

s: Membrane area (cm2). 

ñ𝑡𝑜𝑡𝑎𝑙: Total density of the film material (g/cm3).  

III.5. Techniques for studying structural properties  

III.5.1. Diffraction X-ray technology (DRX)  

   X-ray diffraction technology is used to characterize crystalline materials and learn many 

structural information, including determining the shape of the primary cell, its dimensions, its 

crystalline structure, in addition to its composing atoms and the preferred direction of crystal 

growth. Since solid materials are classified according to their crystal structure into crystalline 

materials and random materials, and to judge that a material is crystalline does not depend on its 

appearance, even if this belief was assumed in the past, but rather depends mainly on the 

regularity of its atoms and molecules in the periodic arrangement at the microscopic level, and 

this is what crystallography confirmed in 1913. This is based on X-rays. Crystalline materials are 

divided into two categories, including monocrystalline materials whose structure is a repetition 

of the unit cell in three dimensions. That is, the atoms of monocrystalline materials are arranged 

in a regular geometric arrangement and in a periodic form, thus possessing a kind of symmetry. 

Polycrystalline materials are materials whose arrangement ends regular periodicity at the grain 
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boundaries, which constitute the border between the granular organization of single crystals of 

matter and those adjacent to it. As for the random materials (Amorphous Materials), they are 

materials whose atoms are combined randomly without a specific system and their structure does 

not have a repetition of the unit cell, and thus they form a complex formation and its condition is 

not Thermodynamically stable[20][21]. X-rays are considered electromagnetic waves that occupy 

the region between gamma rays and ultraviolet rays, and their wavelengths range between 0.01 

and 100 Å, which is much shorter than that of visible light. Therefore, they are used in crystal 

diffraction experiments for the possibility of comparing their wavelengths with the separation 

distances between atoms in the crystal.  

      The principle of this technique is based on directing a beam of monochromatic X-rays onto 

the surface of a membrane. Peaks appear at specific angles as a result of the deviation of part of 

this beam from parallel crystal planes. The intensities of these peaks vary depending on the 

direction and number of these planes. It was demonstrated by scientist Bragg that the position of 

the diffracted X-ray beams can be determined by the crystal, and that these X-rays only exist at 

positions where the diffracted rays interfere constructively at parallel planes, he also developed a 

simple model of the crystal structure shown in the figure (III.4). What is distinguished from 

these peaks is the crystalline state, as each peak represents a crystalline level at which diffraction 

occurred, while the random state of X-ray diffraction patterns is characterized by the absence of 

sharp peaks[22][23], and this is summarized according to the following Bragg relationship:  

 

𝒏ë = 2 dhkl 𝐬𝐢𝐧 è                                                                                 (III.2) 
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Figure III.4 : Schematic diagram of X-ray diffraction on crystal planes in Bragg conditions[24]. 

         During this study, an EMPYREAN PANalytical X-ray diffraction (XRD) device with a 

wavelength (λêá𝑐𝑢 = 1.54060 Å) electrical voltage of 45 KV and a current intensity of 40 mA. 

All diffraction patterns for the samples were recorded using the device shown in                    

figure (III.6), it is located at the research center level of the physical-chemical analysis at the 

University of Laghouat, where  was used of angle 2θ in the range (10-90°) in this setup, the 

sample is securely placed on the holder for study and analysis using X-rays. The sample can be 

rotated around a vertical axis at a specific angle θ, with each rotation angle being recorded by the 

detector 2θ. It's important to note that the holder and the detector are mechanically compatible. 

After the X-rays are emitted from the source, they deviate from parallel crystal planes on the 

surface of the sample and are received by the counter. The angle of incidence changes step by 

step during the measurement, and the actual intensity of the reflected beam is recorded by the 

detector at each step. This occurs when Bragg's condition is met, resulting in peaks in the 

diffraction pattern for the intensity of the reflected beam[25-27].  
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Figure III.5 : A diagram showing the diffraction of X-rays [28]. 

   The X-ray diffraction diagram shows the intensity of the diffraction lines and their 

corresponding angles, and through it many structural information is determined for the deposited 

films, such as their crystalline structure and the preferred direction of their growth under ideal 

conditions. By determining the diffraction angles, the interfacial distances of the atomic surfaces 

(dhkl) can be calculated, as well as the lattice constants of each crystalline structure, which It is a 

description of the dimensions of the unit cell in the crystal lattice, in addition to the possibility of 

calculating the grain size through the Scherer's relationship of the equation (IV.5). By knowing 

the grain size, the dislocation density is calculated (δ), which represents the number of 

dislocation lines that cross a unit area in the crystal, in addition to calculating the number of 

crystals per unit area. When X-rays are reflected from each part of the crystal at angles different 

from the other part, that is, the reflection resulting from different parts of the crystal is at 

different angles, this indicates that the interspace distance is not equal between the atomic 

surfaces at each point of the crystal, and from this the presence of distortions in the crystal 

becomes clear. The percentage of deformation during the growth of the membrane arising in 

compression or network expansion can be calculated through the relationship ( IV.8)[29-31][19].  
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Figure III.6 : Used X-ray diffraction machine (DRX). 

III.5.2. Scanning electron microscopy (SEM)  

   The scanning electron microscope is considered one of the effective techniques for identifying 

the nature and morphology of the surface of membranes, and this technique is characterized by 

being non-destructive to the sample. It was developed to overcome the optical problems in 

optical microscopes, represented by the Rayleigh criterion, which is the standard that describes 

the limit in the size of structures observed using visible light in addition to the effect of the 

optical lens aperture. In its formation of magnified images, it relies on electrons instead of light 

waves because they have wavelengths much smaller than visible light, where the working 

principle of the microscope depends on directing an electron beam from the source of electrons 

(cathode) to pass through electromagnetic lenses, which work to focus the beam on a small part 

of the surface of the sample to be studied. The collision of the electron beam with surface atoms 

causes many reactions and the emission of secondary particles to be detected and captured to 

determine the sample's topography and composition. The quality of the images is affected by the 

uneven number of bounced electrons and falling electrons, and then the charging process occurs 
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for the sample. To avoid this negative effect, the sample is coated with a thin metal layer that 

reduces the electrons absorbed by the sample, so that this microscope works in a vacuum to 

obtain three-dimensional and more accurate images by directing the electron as intended and not 

interacting with air molecules, and the chemical elements of the sample surface are identified 

through the unit attached to the energy dispersive X-ray spectroscopy (EDX) in the scanning 

electron microscope[32-34]. Figure (III.7) shows the schematic diagram of the scanning electron 

microscope.   

 Figure III.7 : Schematic of a scanning electron microscope (SEM) [35][36]. 

   In this study, we used a ZEISS EVO 15 device equipped with an electronic emitter from a 

Lanthanum hexaboride cathode (LaB6) instead of a tungsten filament, which is located at the 

level of the research center for physical-chemical analysis at the University of Ouargla, as shown 

in Figure (III.8).  
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Figure III.8 : Used scanning electron microscope (SEM). 

III.5.3. Fourier transform infrared absorption (FTIR) spectroscopy     

    FTIR technology, or Fourier transform infrared spectroscopy, is among the widely used 

technologies due to its importance in determining the molecular structure of materials without 

damaging them and at the lowest cost. It is also used to detect changes that occur to molecules as 

a result of their interaction, by identifying the chemical bonds that make up the molecular 

structures. For materials, it is suitable for the three states of matter (solid, liquid, gaseous), as its 

principle depends on the absorption of infrared rays passing through the sample, so its atoms are 

excited, causing a vibrational movement of the atoms to occur at the molecule level, and the 

vibrational movement results from the movement of two atoms or a group of atoms, and this 

leads to a periodic change in the length of chemical bonds[37][38]. The photon that has an energy 

equal to the transfer energy is absorbed by the molecule, this absorption characterizes the bonds 

between atoms and appears in the form of bands in the spectrum, and since each molecule has a 

specific vibrational energy that differs from another molecule. This energy is measured and the 

molecule is identified, as vibrational movements are divided into two types, including stretching 

vibrations, which express a change in the distance between atoms on the bond axis without 

changing the angles between the bonds. Their types include simple stretching, which represents 
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the stretching of a single bond, and double stretching, which represents the stretching of more 

than one bond. At the same time, the expansion in this case can be symmetrical, such as the 

expansion or contraction of the two bonds occurring together. It can also be asymmetrical, which 

includes the opposition between the two bonds, such as one bond expanding and the other 

contracting simultaneously[39-41]. As for the second type of vibrational movements, they are 

bending vibrations, which are represented by In the change in the angle between the two bonds 

resulting from the movement of atoms in or outside the level of the two bonds, its types are 

divided into four types, including rocking bending, in which, at its level of equilibrium, the 

structural unit swings left and right. As for the concussive bend, the structural unit oscillates 

back and forth outside the equilibrium plane. In addition to scissor bending, the movement of 

which is characterized by the movement of scissors, which is represented by in the movement of 

the two bonds towards convergence and divergence between them, and torsional bending, in 

which the atoms outside their equilibrium plane are twisted around the bond between them and 

the rest of the molecule[42-45], as shown in the figure (III.9).   

 

 

 

 

 

 

 

 

 

 

Figure III.9 : Types of bending vibrations. 
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    In the current study, a Cary 600 series FTIR Spectrometer equipped with a Fourier transform 

was used, as shown in figure (III.10), through which the spectra were recorded by sending a 

beam of infrared wavelengths from the source in the confined field. Between 400 and 4000 cm-1, 

it is directed to a plate and divided into two equal beams. One beam is directed to a fixed mirror 

and another to a moving mirror to be reflected again and pass through the sample, and then the 

detector receives it and records it. Using an immediate mathematical conversion process, the 

received signal is transformed into the desired spectrum. The absorbed wavelengths of the 

absorption peaks in the infrared absorption spectra are determined and attributed to the 

functional groups of each substance, through the use of available references to enable one to 

know the chemical compounds and the type of atoms and bonds that make up the molecule[46].  

 

 

 

 

 

 

 

Figure III.10 : Infrared spectrometer used. 

III.5.4. Optical measurements  

   Optical measurements depend on measuring the absorbance and transmittance spectra of 

ultraviolet and visible rays, through which the valuables of the energy bands and the type of 

electronic transitions are determined. Absorbance expresses the decrease in the energy of 

electromagnetic radiation after it passes through the sample. The basic degree depends on the 

thickness and nature of the membrane and can be formulated according to the                          

relationship (III.3), as for transmittance, it expresses the ratio of the intensity of the penetrating 

radiation (IT) and the incident radiation (I0), as shown in the relationship (III.4)[47][48].  
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A= IA/I0                                                                                                    (III.3) 

IA and I0 represent the radiation intensity before and after it falls on the sample, respectively.  

T=IT/I0                                                                                                     (III.4) 

    Optical measurements were made using a Cary Series UV Vis 100 spectrometer, which is 

located at the level of the research center for physical-chemical analysis at the University of 

Ouargla. Its working principle is based on the fact that compounds absorb UV-visible light at 

specific wavelengths by sending light From a source with a wide range of wavelengths, 

consisting of a tungsten lamp for visible light and a deuterium lamp for ultraviolet light. The 

transmitted light then passes through a monochromatic consisting of a prism that allows only a 

specific wavelength or a range of wavelengths of light to pass through. This beam heads towards 

a semi-reflecting mirror and is divided into two beams, one beam is considered a reference and 

the other passes through the sample. Ultraviolet and visible rays interact with the molecules in 

the sample and non-absorbed rays are captured by the detector and their intensity is measured.  

Figure III.11 : Illustration of the ultraviolet-visible spectroscopy model (UV-VIS) and the 

device used[49]. 
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   Many optical constants are determined through transmittance and absorption spectra. Based on 

the values of the latter, the absorption coefficient (α), which represents the decrease in the 

percentage of incident radiation energy per unit distance in the direction of wave propagation 

within the medium, is calculated. To determine it, we use the Bouguer Lambert-Beer 

relationship, which is known as the Beer and explained as follows: 

𝐓 =  𝐞−á.𝐝                                                                                               (III.5) 

   This relationship is used by neglecting reflection in all cases (air-layer, air-substrate, layer-

substrate), and knowing the thickness, the absorption coefficient for each permeability value can 

be determined by the following relationship[50][51]:  

á(𝐂𝐦)−𝟏 =  
𝟏

𝐝(𝐂𝐦)
𝐥𝐧(

𝟏𝟎𝟎

𝐓(%)
)                                                                    (III.6) 

Where: (d) Film thickness in (Cm), (T) Optical transmittance.  

    The nature of the electronic transfers occurring in the energy bands, which can be direct or 

indirect, depends on the values of the absorption coefficient. When an electron at the top of the 

valence band absorbs a photon with an energy equal to or greater than the energy of the gap, it 

moves to a vacant place at the bottom of the conduction band, directly and vertically at the same 

point in space k occurs in what are called direct transfers. However, when the electron moves 

from the top of the valence band to the bottom of the conduction band in a non-vertical manner, 

then the electronic transfers are indirect[52], and the energy band gap (Eg), which is considered 

one of the important optical constants, is also calculated using the (Tauc) model, which is 

represented by drawing the relationship Graphs between (hν) and (αhν)2. In addition, the energy 

gap is not completely empty in pure semiconductors, as it is interspersed with local levels arising 

from crystalline defects[53]. 
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III.6. Conclusion  

    In this chapter, the basic stages of thin film deposition of magnesium oxide and silicon dioxide 

(MgO-SiO2) prepared from natural resources using the hydrothermal technique were discussed, 

as it is considered one of the techniques characterized by several degrees of freedom, due to the 

simple assembly process and convenient operation. In addition, the substrate solution is 

subjected to a suitable hydrothermal treatment to form stable crystalline phase films on the 

substrate and thus does not require thermal treatment of the films after crystallization or 

interaction of the film with the atmosphere. The films with high purity and good homogeneity 

will also be obtained, and this is what It was also reported by growing thin films of ZnO by the 

hydrothermal method, which were of high quality, with a smooth surface and no obvious 

fluctuation[54]. On the other hand, we discussed methods for analyzing the structural, 

morphological, and optical properties of the prepared films.  
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Chapter IV: Analyzes the characteristic of 

installed nanomaterials 

IV.1.Introduction 

    In this last chapter, we will present the results of the study of thin layers of magnesium oxide 

and silicon dioxide (MgO-SiO2), which were prepared from natural resources and by the 

hydrothermal method on glass substrates, and we changed the deposition temperature                      

(150-200-300°C) and the strength of the applied external magnetic field to prepare novel 

membranes that contribute significantly to new uses and applications, then we try to analyze and 

interpret each of them separately and seek to combine them, this analysis is based on studying 

the effect of both the deposition temperature and the strength of the applied magnetic field on the 

structural properties by studying the X-ray diffraction pattern and knowing its crystal structure 

on the one hand, on the other hand, study the various properties of these membranes, such as 

morphological, structural, optical and electrical properties by SEM, EDX, FT-IR, and UV-

Visible, respectively. 

IV.2.Structural properties of (MgO-SiO2) thin films 

  Magnesium oxide is a highly ionized solid that crystallizes in a rock salt structure[1], with a 

cubic crystal structure[2]. It is considered one of the most common types in nature[3], it belongs to 

the family of alkaline earth metal oxides. The structure of magnesium oxide corresponds to two 

cubic sublattices of ions centered on the face, which are displaced from the lattice according to 

one of the lateral directions of the lattice. 

      - Coordinates of Mg atoms (0,0,0). 

      - The coordinates of the O atoms are (
1

2
, 

1

2
, 

1

2
).  

  The lattice is a face-centered cubic crystal structure with magnesium ions at the vertices of the 

lattice and oxygen ions between each pair of magnesium ions[4]. Having a network constant of 

the same value (a = 4.193) and a melting point of (3600°C) [5], and as It is shown in the                

figure (IV 1. ). 
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Figure IV 1.  : The primary cell of magnesium oxide. 

 Silicon dioxide is considered one of the silica oxides. Its chemical formula is SiO2, Silicon is the 

most abundant element in the Earth’s crust after oxygen. It is mainly found in certain rocks or in 

the form of the silicate ion SiO3
-2 linked to a positive ion, which gives sodium silicate Na2SiO3, 

potassium K2SiO3, or calcium CaSiO3 to metals are more common [6], silicon dioxide is also very 

common in its natural state in minerals. The thin layers of silicon dioxide can be converted from 

the amorphous state into the ∝-quartz crystalline phase by increasing the annealing temperature 

(also called rock crystal). SiO2 crystallizes as quartz in the triaxial quadrilateral, tetrahedrons are 

connected in the three planes of space such that a Si+4 ion with ionic radius 0.39 Å is surrounded 

by four oxygen atoms with ionic radius 0.66 Å, arranged at the upper part  from a faces 

quadruple semi-regular. Each tetrahedron is linked to four oxygen atoms, meaning that the basic 

building block of silica is a silicon atom surrounded by four oxygen atoms that form the heads of 

the tetrahedron to crystallize in the hexagonal system[7-9].  
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Figure IV.2 : Crystal structure of quartz[10]. 

   We studied the structural properties of MgO-SiO2 films prepared, using the X-ray diffraction 

technique and revealed through the results diagnosis for different temperatures (150-200-300°C) 

that all the deposited films have a polycrystalline structure, where the X-ray diffraction patterns 

shown in figure (IV.3) of MgO-SiO2 films when two external magnetic fields are projected with 

the same direction show the presence of several clear peaks at diffraction angles 26.58°, 43.31°, 

48.66°, which exactly match the peaks of MgO and of it has a cubic crystal structure according 

to the ICSD card (Inorganic Crystal Structure Database) number 9378-015-98, in addition to the 

angular position 29.43° corresponding to level (0 1 1) for SiO2 films with a hexagonal crystalline 

structure, according to the card ICSD Card No.98-015-5252, also the preferential direction of 

growth is [0 0 2] at the peak (2θ= 43.37°) of the MgO peak.   

    Figure (IV.4) shows the X-ray diffraction patterns for the prepared films in the case of 

applying two external magnetic fields, such that the external magnetic field has a direction 

opposite to the direction of the other field and for various deposition temperatures, and it shows 

the presence of peaks of varying intensity for the levels (0 1 1), (1 1 1), (0 0 2), (0 0 3) at angles 

29.45°, 39.20°, 43.38°, and 50.47°, which relate to the structure of the membranes MgO and 

SiO2 according to ICSD Card no. 9378-015-98 and no. 98-015-5252 respectively, also, all the 

prepared layers are polycrystalline in nature, and we notice the dominance of the (0 0 2) plane of 

(MgO) at the angle 43.38° over the rest of the planes, making it the plane with the preferential 

direction of crystal growth, where the diffraction intensity is the highest possible, which 
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represents the vertical direction of the substrate surface, and this direction is due 

thermodynamically to the formation of the lowest surface energy [11]. and this can be explained 

by the drift model, which states that nucleation corresponding to different orientations occurs 

during the initial stage of membrane deposition and each nucleus competes for growth but only 

those nuclei that have the fastest growth rate in the substrate can survive[12]. where the molecules 

migrate to the growth surface and the number of adsorbed Mg and O atoms that are highly 

mobile at the substrate temperature and can easily move to balanced atomic sites on the surface 

is improved, it means that the (0 0 2) plane of MgO is strongly stabilized. Thus the dominance of 

the preferential orientation [0 0 2] occurs when the substrate temperature is sufficiently optimal 

to arrange the atoms with minimal defects and maximum packing density, the thermal energy of 

the substrate is also expected to provide energy for the migration of the surface atoms to form a 

stable preferential layer[1].  
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Figure IV.3 : X-ray diffraction (XRD) schemes for prepared membranes as a function of 

deposition temperature and in the presence of two external magnetic fields so that they have the 

same direction. 

 

Figure IV.4 : X-ray diffraction (XRD) schemes for prepared membranes as a function of 

deposition temperature and in the presence of two external magnetic fields so that the external 

magnetic field has the opposite direction to that of the other field. 
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  We notice from the X-ray diffraction patterns in both cases and deposited at temperatures            

(150-200-300°C), that the peak intensity of (MgO) and (SiO2) increases when two external 

magnetic fields are applied, so that the external magnetic field has a direction opposite to the 

direction of the other field. At the expense of the peaks of other crystallographic directions and 

decreases slightly with increasing deposition temperature, this is due to the increase in the 

corresponding FWHM and may be attributed to the recrystallization potential, with the exception 

of the films deposited at 200 degrees Celsius, it increases and represents the highest increase in 

intensity, and this indicates that there are some levels that are favorable for the growth of 

crystals, so the intensity of this peak increases accordingly, this can be explained by the fact that 

FWHM decreases which confirms that the deposition at that degree and the intensity of the 

applied magnetic field has led to crystal regularity and thus increased the degree of 

crystallization of the membrane material and the decrease of the crystal defects formed in the 

membrane in preparation. 

  We also notice that there is a displacement in the locations of the characteristic peaks (0 0 2),   

(0 1 1) for (MgO) and (SiO2) at the angular positions of 43.34° and 29.45° respectively for the 

films prepared for different deposition temperatures after applying two external magnetic fields, 

so that The external magnetic field has a direction opposite to that of the other field than before 

shedding two external magnetic fields so that they have the same direction and that this 

displacement is trending towards greater values for 2θ and the interpretation of this displacement 

is due to the decrease in the corresponding lattice constants and the decrease in the distance 

between the crystalline levels (d), hence, an increase in the diffraction angle, and thus a shift of 

the distinct peaks towards the right in the diffraction pattern due to its connection to an inverse 

relationship according to Bragg’s law[12], when comparing the obtained results and the interview 

to the 2θ diffraction angles of the locations of the characteristic peaks of the prepared membrane 

models with the values contained in the standard material examination card ICSD                              

Card No. 98-015-9378 and as shown in table (IV.1) and table (IV.2), we find that the values of 

the interfacial distances between the crystal planes were largely identical to their values in                  

the card.   
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Table (IV.1): X-ray diffraction results for films prepared at different deposition temperatures in 

the presence of two external magnetic fields with the same direction. 

 

 

 

 

 

FWHM 

(deg) 
(hkl) 

d (Å) 

Standard 

d (Å) 

Measured 

𝟐è 

(deg.) 
samples N° 

M
a
te

ri
a
l 

0.39 (5 1 1)  2.096 2.088 43.31 150 °C 

MgO 

1 

0.31 (5 1 1)  - 2.085 43.37 200 °C 2 

0.47 (5 1 1)  - 2.081 43.45 300 °C 3 

0.23 (0 0 1)  3.027 3.033 53.49 150 °C 

SiO2 

1 

0.11 (0 0 1)  - 3.025 53.20 200 °C 2 

0.62 (0 0 1)  - 3.018 53.23 300 °C 3 
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Table (IV.2): X-ray diffraction results for films prepared at different deposition temperatures in 

the presence of two external magnetic fields, where the external magnetic field has an opposite 

direction to the direction of the other field. 

 

 

 

 

FWHM 

(deg) 
(hkl) 

d (Å) 

Standard 

d (Å) 

Measured 

𝟐è 

(deg.) 
samples N° 

M
a
te

ri
a
l 

0.37 (5 1 1)  2.096 2.086 43.34 150 °C 

MgO 

1 

0.29 (5 1 1)  - 2.084 43.38 200 °C 2 

0.43 (5 1 1)  - 2.080 43.46 300 °C 3 

0.18 (0 0 1)  3.027 3.032 29.45 150 °C 

SiO2 

1 

0.08 (0 0 1)  - 3.021 29.54 200 °C 2 

0.54 (0 0 1)  - 3.016 29.60 300 °C 3 
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IV.2.1.Determine compositional parameters 

IV.2.2. Determine the crystal lattice constants 

   To calculate both the lattice constants (a) and (c) for magnesium oxide and silicon dioxide 

(MgO-SiO2) films, we can use the following expressions (IV.1), (IV.2), (IV.3), (IV.4) [12] [2] [13]:  

 

nλ = 2dhkl. sin θ                                                                                                                      (IV.1) 

d =  
a

√(h2+k2+l2)
                                                                                                                        (IV.2) 

a =
λ

√3 sin θ
                                                                                                                                (IV.3) 

And 

c =
λ

sin θ
                                                                                                                                    (IV.4) 

Where: d is the distance between the crystal planes. 

(hkl): Miller coefficients. 

(θ): Bragg angle. 

λ: X-ray wavelength (λ=1.5406 Å). 

    Through the results we obtained and listed in table (IV.3), we found that there is good 

agreement with the values of the constants in the card ICSD Card No. 98-015-9378 and ICSD 

Card No. 98-015-5252, slight decrease in the values of the network constants (a0, c0) was 

observed with increasing deposition temperature, which ranged between 4.162-4.174,                    

3.485-3.503 and 6.036-6.067, respectively -Figure (IV.5)- also, the values of the inter-crystalline 

distances between the crystal planes, d, decrease with the increase in the deposition temperature, 

which can be attributed to the difference in the angular position of the prominent peak, and it 

turns out that the angular positions increase with increasing temperature. In general, the angular 

position shifts toward the lower and upper sides due to the increase and decrease of the 

corresponding mesh parameters. It was also observed that it decreased when two external 
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magnetic fields were applied, such that the external magnetic field had a direction opposite to the 

direction of the other field. This can be attributed to further realignment of the granules and the 

strong interaction between the substrate and the solution atoms.  

 

 

 

 

 

 

 

 

Figure IV.5 : Lattice constants (a0, c0) as a function of changing the deposition temperature and 

in different coordinates: (a) in the presence of two external magnetic fields so that they have the 

same direction, (b) in the presence of two external magnetic fields so that the external magnetic 

field has a direction opposite to the direction of the other field. 

IV.2.3. Average grain size 

By calculating the values of the average grain size of the prepared layers as a function of the 

deposition temperature based on Scherer's Formula, which is explained as follows [14]:  

G. S =
κλ

B .cos θ
                                                                                                                             (IV.5) 

where: 

  G.S: Crystalline size (nm). 

  κ: The network formation constant is called the sparking constant and is equal to 0.9. 

  B: Maximum half at width full in radians. 

  λ: X-ray wavelength (Å). 
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   We note that the average grain size values, which are presented in table (IV.4) for samples 

prepared when two external magnetic fields are applied, such that the external magnetic field has 

a direction opposite to the direction of the other field, are greater than their counterparts for 

samples prepared when two external magnetic fields are applied, such that they have the same 

direction, it was found that the grain size of (MgO) and (SiO2) falls within the range                          

20.09-30.14 nm, 15.40-115.54 nm and the range 18.24-27.73 nm, 13.33-77.02 nm, respectively, 

this indicates that the films prepared in both cases are nano-crystalline, it was also observed that 

the average grain size tends to decrease with increasing deposition temperature, and this in turn 

causes an increase in the diffraction angle (2θ) and an increase in the width at the peak at mid-

intensity this is shown in figure (IV.6) and figure (IV.7), however, the opposite behavior was 

observed for thin films deposited at 200 degrees Celsius, which led to the cancellation of some 

grain boundaries when the grains coalesced to form crystals of larger size, as well as the 

cancellation of existing defects after the growth process occurred and rearranging the crystalline 

grains, and improving the crystallinity of the material, where the granules take enough energy to 

grow and arrange within the network. The changes in FWHM and corresponding grain size may 

be attributed to the crystallization of the deposited films as well as crystal growth and nuclide 

formation. The improvement in crystallinity of MgO-SiO2 thin films may provide the activation  

energy to occupy the minimum energy site of adsorbed atoms due to the fusion of islands by 

increasing surface and volume diffusivity[15-17] [12].  
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Figure IV.6 : The relationship between FWHM and grain size rate as a function of different 

deposition temperatures and in the presence of two external magnetic fields that have the same 

direction. 

 

Figure IV.7 : The relationship between FWHM and grain size rate as a function of different 

deposition temperatures and in the presence of two external magnetic fields, such that the 

external magnetic field has a direction opposite to the direction of the other field. 
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IV.2.4. Number of crystals and dislocation density 

  The dislocation density (δ) and number of crystallites of the prepared MgO-SiO2 films were 

calculated by the following two expressions:  

δ =  
1

G.S2                                                                                                                                    (IV.6)               

N =
t

G.S3                                                                                                                                    (IV.7) 

  Where t: Thin membrane thickness. 

    The results showed differences in the dislocation density (δ) and the number of granules per 

unit area (N) as a function of the granular size, and this is shown in the table (IV.3), an increase 

was observed with increasing deposition temperature, and the values ranged from 1.30× 1015 m-2 

to 3× 1015 m-2, and from 0.16× 1015 m-2 to 5.64×1015 m-2. The number of crystals per unit area 

(N) was also found in the range (12.53-29.3) × 1016 m-2, and the range (0.591-75.15) × 1016 m-2 

for (MgO) and (SiO2) respectively, this is due to the decrease in grain size except for thin films 

at 200 °C which led to the formation of larger-sized crystals. These values rise when two 

external magnetic fields are shone so that they have the same direction, so that we note that both 

the values of the dislocation density and the number of granules have inverse proportion to the 

grain size, this means that the apparent increase in granular size improves the crystal structure 

and thus reduces the dislocations by reducing the granular boundaries found therein as shown in                 

figure (IV.8) and figure (IV.9)[12] [18]. 
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Figure IV.8 : Changes in the density of dislocations and the number of crystals as a function of 

the granular size rate in the presence of two external magnetic fields that have the same 

direction. 

 

 

 

16 24 32

0,00E+00

1,00E+15

2,00E+15

3,00E+15

4,00E+15

d
 (

m
-2

)

G.s (nm) 

  dMgO

16 24 32 40 48 56 64 72 80

0,00E+00

1,00E+15

2,00E+15

3,00E+15

4,00E+15

5,00E+15

6,00E+15

d
 (

m
-2

)
G.s (nm) 

  dSiO2

16 24 32

0,00E+00

1,00E+17

2,00E+17

3,00E+17

N
 (

m
-2

)

G.s (nm) 

  NMgO

16 24 32 40 48 56 64 72 80

0,00E+00

1,00E+17

2,00E+17

3,00E+17

4,00E+17

5,00E+17

6,00E+17

7,00E+17

8,00E+17

N
 (

m
-2

)

G.s (nm) 

  NSiO2



Chapter IV 

                                                                                               Analyzes the characteristic of installed nanomaterials 

 
93 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.9 : Changes in the density of dislocations and the number of crystals as a function of 

the granular size rate in the presence of two external magnetic fields, such that the external 

magnetic field has a direction opposite to the direction of the other field. 
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IV.2.5. Crystal distortion 

   Figure (IV.10) shows the difference in the deformation of the material as a function of the 

deposition temperature, and this deformation of the crystals (Strain) was calculated through the 

following relationship[19]:  

Strain= |dXRD - dASTM| /d ASTM                                                                                                  (IV.8)       

Where: 

dASTM: The amount of  interfaced distance in the card [deg]. 

dXRD: The amount of interfaced distance calculated [deg]. 

   Through the data shown in table (IV.3), deformation of crystals (MgO) and (SiO2) has been 

shown to increase as the deposition temperature increases, a relative increase was also observed 

when two external magnetic fields were shone so that they would have the same direction, and 

this is due to the increase in stress on the crystalline levels and the occurrence of compression 

with changes in the interfaced distances (d), the decrease in crystal distortion in certain areas is 

also due to its decrease and is illustrated by the following form[18]. 

Figure IV.10 : Crystals distortion as a function of changing the deposition temperature and in 

different coordinates: (a) in the presence of two external magnetic fields so that they have the 

same direction, (b) in the presence of two external magnetic fields, such that the external 

magnetic field has a direction opposite to the direction of the other field. 
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Table (IV.3): it represents the crystal lattice constants, granular average size, density of 

dislocations, number of crystals and the crystal distortion of films prepared at different 

deposition temperatures in the presence of two external magnetic fields so that they have the 

same direction. 

Table (IV.4): it represents the crystal lattice constants, granular average size, density of 

dislocations, number of crystals and the crystal distortion of films prepared at different 

deposition temperatures in the presence of two external magnetic fields, such that the external 

magnetic field has a direction opposite to the direction of the other field. 

(hkl) 
Strain 

× 10-2 

N × 1016 

m-2 

δ× 1015 

m-2 

Grain 

Size 

(nm) 

c (Å) a (Å) 
𝟐è 

(𝐝𝐞𝐠) 
samples 

Stand Obs. Stand Obs. 

(5 1 1)  0. 38 26.97 2.066 22.00 4.193 4.174 4.193 4.174 49.90 MgO 150 °C 

(5 1 1)  0.52 12.53 1.30 27.73 - 4.168 - 4.168 49.92 MgO 200 °C 

(5 1 1)  0.71 29.33 3 18.24 - 4.162 - 4.162 43.45 MgO 300 °C 

(0 0 1)  0.19 05.91 0.75 36.48 7.220 6.067 3.850 3.503 53.49 SiO2 150 °C 

(0 0 1)  0.066 0.585 0.16 77.02 - 6.051 - 3.494 53.20 SiO2 200 °C 

(0 0 1)  0.29 75.15 5.64 13.33 - 6.036 - 3.485 29.59 SiO2 300 °C 

(hkl) 
Strain 

× 10-2 

N × 1016 

m-2 

δ× 1015 

m-2 

Grain 

Size 

(nm) 

c (Å) a (Å) 𝟐è 

(𝐝𝐞𝐠) 
samples 

Stand Obs. Stand Obs. 

(5 1 1)  0.47 14.93 1.81 23.5 4.193 4.171 4.193 4.171 43.94 MgO 150 °C 

(5 1 1)  0.57 6.75 1.10 30.14 - 4.167 - 4.167 43.93 MgO 200 °C 

(5 1 1)  0.76 25.43 2.47 20.09 - 4.159 - 4.159 43.44 MgO 300 °C 

(0 0 1)  0.16 01.77 0.43 47.81 7.220 6.065 3.850 3.502 53.42 SiO2 150 °C 

(0 0 1)  0.19 0.119 0.074 115.54 - 6.043 - 3.490 53.24 SiO2 200 °C 

(0 0 1)  0.36 56.45 4.21 15.40 - 6.032 - 3.483 53.41 SiO2 300 °C 
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IV.3.Morphological properties of thin layers (MgO-SiO2) 

    The scanning electron microscope (SEM) was used to study the morphological properties of 

the thin layers of magnesium oxide and silicon dioxide (MgO-SiO2) prepared by hydrothermal 

method on the glass substrates, and the extent of the effect of changing the deposition 

temperature (150-200-300°C) in the presence of a change in the strength of the applied magnetic 

field, where figure (IV.11) shows microscopic images of surface samples shown in the two-

dimensional high zoom taken by SEM in the same zoom 50μm and in the presence of two 

external magnetic fields so that they have the same direction, and we note that the membranes 

possess clear fullness surfaces and that molecular granules of different shapes are separated by 

interstitial spaces and distributed in different sizes, and it is clear from the figure (IV.11.b) that 

the surface of the membrane contains small granular particles and with a small number. The 

average particle size has an effect on the density of the membrane material distribution, so we 

notice an increase in the density of the material distribution on the surface of the sample at a 

temperature of 200 °C with relatively large granular particles, and at the temperature of 300 °C 

we note that the sample has a homogeneous surface with small-sized granules as shown in the 

figure (IV.11.c) and figure (IV.11.d), and through this, we find that the formation of the 

topographic surface of the membrane depends basically on the deposition temperature and the 

extent of dissolution of the materials chosen for deposition in the solution, they affect the crystal 

dimensions as well as affect their geometric shape, but when two external magnetic fields are 

applied, such that the external magnetic field has a direction opposite to the direction of the other 

field, it becomes clear that there is a noticeable homogeneity and condensation of the physical 

distribution of the surface of the samples, and this appears on the surface of the sample at                 

200 °C, where the granular particles become small in size with a high density as their growth and 

crystallization increase, and when the temperature increases to 300 °C, the membrane surface 

becomes more homogeneous in distribution and free of islands and voids with the gradually for 

grains coalescing, as shown in figure (IV.12.b) and figure (IV.12.c) [44].  

 

 

 



Chapter IV 

                                                                                               Analyzes the characteristic of installed nanomaterials 

 
97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.11 : SEM images of the layers prepared at different sedimentation temperatures and 

in the presence of two external magnetic fields so that they have the same orientation. 

 

 

 

 

 

(a): Before the sedimentation  (b): T= 150 °C 

(c): T= 200 °C (d): T= 300 °C 
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Figure IV.12 : SEM images of the films prepared at different sedimentation temperatures and in 

the presence of two external magnetic fields so that the exterior magnetic field has an opposite 

orientation to the direction of the other field. 
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(b): T= 200 °C 

(c): T= 300 °C 
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IV.4.Properties of compositional analysis of thin layers (MgO-SiO2) 

    Measurements of the radiation dispersion energy (EDX) of the thin layers of the wiped points 

were performed by the electronic package of the scanning electron microscope resulting from the 

cross effect between the charged particles and the membrane material and to be received by the 

detector, since each chemical element has a set of distinctive peaks in the X-ray spectrum, the 

chemical components of the membrane are determined through the energy of the X-ray produced 

and the approval of  the energy difference between atomic orbits, and these measurements have 

proven to us the presence of carbon (C), oxygen (O), sodium (Na), magnesium (Mg), and silicon 

(Si) within the thin layers at different temperatures and in the change of magnetic field strength, 

and in addition, the element calcium (Ca) appears, and this is likely to be a result of the glass 

substrate, and as shown by the emission lines spectra in figure (IV.13) for MgO-SiO2 films 

when two external magnetic fields are applied so that they have the same direction, as for the 

membranes, in the case of applying two external magnetic fields such that the external magnetic 

field has a direction opposite to the direction of the other field and this is shown in               

figure (IV.14), and in addition to the weights of the mass and atomic elements (Wt% and at%) 

present in the tables (IV.5), tables (IV.6), and our study therefore shows the confirmation of the 

elements to be found.  

Tables (IV.5) and (IV.6) represent the weight percentages and atomic percentages of the 

chemical elements in the energy range studied.  
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Table (IV.5) : represents the atomic and mass ratios of the chemical elements of the layers 

prepared at different sedimentation temperatures in the presence of two external magnetic fields 

so that they have the same direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.13 : EDX spectra of films prepared at different deposition temperatures and in the 

presence of two external magnetic fields with the same orientation                                                        

((a): T=150 °C, (b): T= 200 °C, (c): T=300 °C). 

The heated sample (°C)  
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Table (IV.6) : represents the atomic and mass ratios of the chemical elements of the membranes 

prepared at different deposition temperatures in the existence of two exterior magnetic fields, so 

that the exterior magnetic field has an opposite orientation to the direction of the other field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.14 : EDX spectra of films prepared at different deposition temperatures and in the 

presence of two external magnetic fields such that the external magnetic field has an opposite 

direction to that of the other field  ((a): T=150 °C, (b): T= 200 °C, (c): T=300 °C). 
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IV.5. Molecular structure properties of thin layers (MgO-SiO2) 

     FT-IR measurements were made for magnesium oxide and silicon dioxide (MgO-SiO2) films 

by measuring the transmittance spectrum as a function of wavenumber to determine the 

molecular structures that are formed from atoms bonded together for crystalline, amorphous, 

organic and inorganic materials, these bonds have central vibrations and each molecule has a set 

of harmonic vibrations that can be identified. To qualitatively analyze these membranes, the 

absorbed wavelengths corresponding to the chemical group present in them are determined, and 

then the corresponding functional group is determined. We use this property to track chemical 

bonding studies of thin layers prepared, using infrared spectroscopy with a range of                           

4000-500 cm-1.  

    Figure (IV.15), (IV.16) shows the infrared absorption spectra of films prepared upon a change 

in deposition temperatures and the strength of the applied magnetic field. The following 

chemical bonds (Mg-O), (Si-O), (C-H), (CO3
−2

), (-OH) were identified based on the absorption 

spectra of the rays and this through their vibration sites and thus conclusion of chemical bonds, 

and as shown in the table (IV.7), which shows the type of links and vibration patterns in addition 

to their corresponding frequency. 

   Most of the chemical bonds that appeared in all the FTIR spectra of the thin layers indicate that 

they contain magnesium oxide and silicon dioxide, which is completely consistent with previous 

spectroscopic results, and in addition, other links have been found that are due to some organic 

impurities. 

  Below is a presentation of the results of this spectroscopic measurement of thin layers                  

(MgO-SiO2) obtained using infrared Spectrometer (FT-IR).   
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Figure IV.15 : The infrared absorption spectrums of prepared membranes change at different 

deposition temperatures and in the presence of two external magnetic fields so that they have the 

same direction. 
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Figure IV.16 : The infrared absorption spectrums of prepared membranes change at different 

deposition temperatures and in the presence of two external magnetic fields such that the external 

magnetic field has an opposite direction to that of the other field.  
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     The absorption at the peak at 1045 cm-1 indicates the asymmetric stretching vibration of the   

Si-O bond, which indicates the presence of quartz[21-25], the absorption band was also observed at 

the peak 857 cm-1 which is an indicator of the vibration of the Mg-O expansion bond[26], the 

intensities of these absorptions vary from one sample to another some of them decrease in 

intensity, while others disappear and this is due to the difference in their compositions.  

     Several weak-intensity absorption tapes were also observed at about 3664cm-1 which are 

attributed to the vibration of the stretch of the hydroxyl-OH group and participation in hydrogen 

bonds with water molecules[27-28], the absorption band at the 2980 cm-1 peak indicates an 

asymmetrical stretching of the C-H bond, which is an indication of the presence of organic 

impurities[27] [29-31], while the absorption bands 1403.32 cm-1 and 1404.12 cm-1 indicate the 

asymmetric expansion vibration of the carbonate ion CO3
-2, these vibrations appeared in all 

samples, which leads us to say that they constitute all samples. However in the case of two 

external magnetic fields that have the same direction and at 150-300 °C deposition temperatures, 

the presence of an amount of calcite as impurities (CaCO3) was observed at the peak at                  

1795 cm-1, which is attributed to the vibration combining bending in the equilibrium plane and 

symmetrical expansion of CO3
-2 ions[30]. 
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Table (IV.7) : Molecular structure of the prepared films metals and their corresponding 

vibrations at different deposition temperatures and different magnetic field strengths were 

determined using FTIR. 

Molecular bond  and type of vibration Compound 
Wave number 

(Cm-1) 

O-H Stretch vibration Absorbed water 9444 9
5
1
1

-
9
3
1
1

 

C-H asymmetrical Stretch Organic impurities          5331 

CO3
-2 

plane bending and symmetrical 

stretching combination mode 

Calcite         1795 

CO3
-2 

asymmetrical stretching vibration 
Calcite 

 0419.95 

0
9
3
5

-
0
4
2
4

 

0414.05 

Si–O asymmetrical stretching 

vibration 
Quartz       1045 

Mg–O Stretch vibration Magnesium oxide    857 

 

    It is clear from the information obtained and listed in the table (IV.7) that there are three main 

vibrations: Asymmetric Vibration, Symmetric Vibration, and Bending Vibration, mostly, 

stretching vibrations occur at higher frequencies than bending vibrations. In addition, 

asymmetric stretching vibrations occur at a higher frequency than symmetrical stretching 

vibrations.  
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Figure IV.17 : The main vibrations of the SiO2 molecule. 
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IV.6. Optical properties of thin layers 

  Studying the optical properties of any semiconductor material is important for understanding 

the nature of the material, and its properties, and the possibility of using it in various practical 

applications, and information about their properties can be obtained from their optical behavior, 

which is closely related to the composition of the energy levels, which in turn is related to the 

chemical and crystalline structure of the material.  

  IV.6.1. Optical transmittance 

  The optical properties of thin films were studied by obtaining transmittance spectra for various 

layers prepared in the presence of two external magnetic fields with the same direction. Based on 

the optical transmittance values, the transmittance relationship was drawn as a function of 

wavelength T=f(λ) within the wavelengths of the 200-900 nm range, which is characterized by 

its behavior being opposite to the absorbance values, as shown in the figure (IV.18). It is clear 

from the figure that the permeability generally begins to appear at low wavelengths and increases 

at the wavelength that represents the dividing line between the absorbance and permeability of 

the membrane material, or what is called the cut-off wavelength (λcut. off), and it generally rises at 

lower-energy wavelengths of incident electromagnetic radiation.  

  These results showed that there is a clear increase in the permeability values with increasing 

wavelength. It was also noted that the permeability increases with increasing deposition 

temperature and for all temperatures as well. Can be noted that the membranes have a 

transmittance rate estimated at approximately (~88%) at a temperature of 150°C, and this value 

quickly increases with increasing temperature to reach a rate of (~97%) at a temperature of 

300°C within the visible spectrum region and the near-infrared region with long wavelengths, 

this is due to a decrease in the absorption of visible light by electrons, that is, a decrease in the 

number of electronic transitions between the transport band and the valence band, as the optical 

energy is less than the absorption edge, and this leads to an increase in transmittance.  

  On the other hand, we note that there is little permeability of all membranes in the UV area to 

increase sharply at the value (931-400 nm), this area is called the basic absorption edge. The 

decrease at these short wavelengths is due to the high absorption of photons falling on the 

membrane in this area of the electromagnetic spectrum as well as a slight displacement at the 
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edge in the absorption, because the energy of the emitted photons is close to this edge, this 

indicates that the material is a semiconductor with a wide energy interval and that the energy of 

the photons in the high-permeability region does not suffer from high absorption. 

   It can also be said that the concentration of  transporters, the size of the granules, and the 

smoothness of the membrane surface have a role in reducing dispersion[32]. 

 

 

 

 

 

 

 

 

 

Figure IV.18 : Change of transmittance spectrum as a function of wavelength for films prepared 

at different deposition temperatures in the presence of two external magnetic fields with the same 

direction. 

   In the case of applying two external magnetic fields such that the external magnetic field has a 

direction opposite to the direction of the other field, we found that permeability increases 

significantly to rise to (~97 %) at 150 °C and (~98%) at 200 °C, there was also found to be a 

decrease in the value of permeability and an increase in the absorption of the membrane at                 

300 °C figure (IV.19), this means that the deposition rate was affected by the magnetic field and 

at this degree (300 °C) led to an increase in the granular growth process, that is, an increase in 

the size of the granules and thereby absorbing photons and reducing permeability, this was 

confirmed by the results of the previous analysis (SEM), and these effects are consistent with the 

Beer-Lambert law, which links transmittance to thickness and wavelength with the following 

relationship[40][45]:  
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 T  exp [().t]                                                                                                                (IV.9)                                                        

        

 

 

 

 

 

 

 

 

Figure IV.19 :  Change of transmittance spectrum as a function of wavelength for films prepared 

at different deposition temperatures in the presence of two external magnetic fields such that the 

external magnetic field has an opposite direction to that of the other field. 
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relying on the values of the latter, table (IV.8), and the permeability values, we notice that there 

is an inverse relationship between them and this is in accordance with the Beer-Lambert law.    

            𝑡 =
∆𝑤

ñ.𝑠
                                                                                                    (IV.10)                                                        

  For: (t) the thickness of the films, (∆W) the difference between the film before and after the 

sedimentation, (ρ) the density of the film material, (s) the area of the sample.  
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Table (IV.8) : Thickness and transmittance values obtained at different temperatures. 

 

  IV.6.2. Optical absorption 

  Figures (IV.20), (IV.21) show the optical absorbance spectrum of magnesium oxide and 
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displacing the absorption edge towards low wavelengths with high energies, this is due to the 
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there is the highest absorption value at 300°C temperature with the displacement of the 
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and act as auxiliary levels for the transport of photon-absorbing electrons with lower energies 

than the optical energy gap value of the prepared membranes. 

 

 

                                             

 

 

 

 

 

Figure IV.20 :  The changing spectrum of optical absorption of prepared membranes appears at 

different deposition temperatures in the presence of two external magnetic fields so that they 

have the same direction. 

 

 

 

 

 

 

 

Figure IV.21 :  The changing spectrum of optical absorption of prepared membranes appears at 

different deposition temperatures in the presence of two external magnetic fields such that the 

external magnetic field has an opposite direction to that of the other field. 
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  IV.6.3. Absorption coefficient 

    The values of the absorption coefficient (α) were calculated through equation (IV.11) for the 

prepared membranes, and as shown in figure (IV.22), which represents the change in the 

absorption coefficient as a function of the energy of the incident photon and different 

temperatures, it in turn depends on the properties of the semiconductor, which is represented by 

the type of electronic transfers that occur between the energy bands as well as the energy gap, 

and from which we note that the absorption coefficient generally starts with a small gradual 

increase with increased photon optic energy in the range of hν energies < 3.4 eV, followed by a 

rapid increase in range (3.4- 3.6 eV), and the results showed that increasing the deposition 

temperature led to a clear decrease in all absorption coefficient values, and this seems obvious at 

low energies, and however, it is noted from figure (IV.23) that the film deposited at a 

temperature of 300 °C and under the application of two magnetic fields in opposite directions 

increase in the value of the absorption coefficient, and in this case, this is due to a decrease in the 

energy gap, as the effect of localized levels in the energy gap appears at this temperature degree, 

a relative increase was also observed when two external magnetic fields were applied so that 

they had the same direction. We also note that the absorption coefficient in the high absorption 

region for all cases and at different temperatures has values α<104 cm-1, and that these values 

indicate the possibility of indirect electronic transfers occurring between the valence and 

conduction bands at those energies[33-36]. 

 = - ln (T) / t                                                                             (IV.11) 
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Figure IV.22 :  Change of absorption coefficient as a function of photon energy for films 

prepared at different deposition temperatures and in the presence of two external magnetic fields 

so that they have the same direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.23 : Change of absorption coefficient as a function of photon energy for films 

prepared at different deposition temperatures and in the existence of two exterior magnetic fields 

so that the external magnetic field has a direction opposite to the direction of the other field. 
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  IV.6.4. Energy Separation 

    The energy gap is considered one of the important constants that is relied upon in 

semiconductor physics and through which it is used in various applications such as optical cells, 

solar cells, etc, and thus, optical absorption is clearly recognized. 

   The current study shows the nature of electronic transfers and this is by calculating the 

absorption coefficient, when the values of the absorption coefficient are high (α>104 cm-1), direct 

electronic transitions can occur, in which the energy and momentum of the electron and photon 

are conserved, however, if its value is low (α<104 cm-1), it is likely that indirect electronic 

transfers will occur, in which the momentum of the electron and photon is conserved with the 

help of the phonon, and this type of transition occurs in different regions of (K) space, the results 

showed that the values of the absorption coefficient for magnesium oxide and silicon dioxide 

membranes when changing the deposition temperatures and the strength of the applied magnetic 

field are less than 104 cm-1, and therefore indirect electronic transfers can occur, according to 

which the value of the energy gap can be calculated in both permissible and prohibited types as 

follows[37][38]:  

   First: The value of the optical energy gap for the permissible indirect electronic transitions 

was calculated, that is, the energy gap located between the top of the valence band and the 

bottom of the conduction band in different regions of K space using the following (Tauc) 

relationship[38][39]:  

(αhν)1/2 = B1/2 (hν-Eg ± Eph)                                                                             (IV.12) 

Where:  

  (Eph) auxiliary phonon energy, (Eg) energy gap for indirect transmission, (B) constant of 

proportionality, (+) phonon absorption, (-) phonon emission. 

    By charting relationship between the energy of the incident photon (hν) and (αhν)1/2 and 

extending the straight part of the curve to intersect the photon energy axis at (αhν)1/2= 0, we 

obtain the value of the optical energy gap, where we note that the value of the optical energy gap 

increased as the deposition temperature increased and when two external magnetic fields are 
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applied such they have the same direction, as shown in figure (IV.24), and this increase can be 

attributed to the effect of Burstein-Moss[40], as for the high value of the optical energy gap at  

200 °C and when two external magnetic fields are applied so that the external magnetic field has 

a direction opposite to the direction of the other field, this is due to the possibility of forming 

nanoparticles and the presence of the quantum confinement effect. If the field is small, the 

movement of the electron and hole is restricted, so it appears limited to Increasing the energy 

required to stimulate the electron in the transport band[40][41], we also notice a decrease in the 

optical energy gap at 300 °C, figure (IV.25), this is because the thermal treatment at this degree 

increased the granular volume rate by increasing the membrane thickness at this degree, which 

was confirmed by the results of the previous analysis (SEM). 

 

 

  

 

 

 

 

 

 

 

 

 

Figure IV.24 : Energy gap for indirect transmission permitted at different deposition 

temperatures and in the existence of two exterior magnetic fields so that they have the same 

direction. 
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Figure IV.25 : Energy gap for indirect transmission permitted at different deposition 

temperatures and in the existence of two exterior magnetic fields so that the exterior magnetic 

field has an opposite orientation to the orientation of the other field.  
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appears limited to Increasing the energy required to stimulate the electron in the transport 

band[40][41], it also means that if two external magnetic fields are applied, such that the external 

magnetic field has a direction opposite to the direction of the other field, and at these 

temperatures of 150 and 200 degrees Celsius, it affects the sedimentation and decrease in 

thickness with a decrease in the rate of grain size, which consequently led to an increase in the 

value of the energy gap for the transitions indirect electronic.  

 

 

 

 

 

 

 

 

 

 

 

Figure IV.26 : The energy gap for the indirect prohibited transition at different deposition 

temperatures and in the presence of two external magnetic fields that have the same direction. 
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Figure IV.27 : The energy gap for the indirect prohibited transition at different deposition 

temperatures and in the existence of two exterior magnetic fields so that the exterior magnetic 

field has an opposite orientation to the orientation of the other field. 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.28 : The relationship between the allowed indirect transition energy gap and different 

deposition temperatures and at different coordinates: (a) in the existence of two exterior 

magnetic fields so that they have the same direction, (b) in the existence of two exterior magnetic 

fields so that the external magnetic field has a direction opposite to the direction of the other 

field. 
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  Table (IV.9) summarizes the results of the energy gap values obtained for the permitted and 

prohibited indirect transmission at different temperatures and different strength of the applied 

magnetic field. 

  Table (IV.9) The energy gap values of the two indirect transitions allowed and forbidden by the 

change of sedimentation temperatures. 
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  IV.6. Conclusion 

      In this chapter we studied the experimental work done to prepare magnesium oxide and 

silicon dioxide membranes prepared at different deposition temperatures (150-200-300 °C) and 

in the presence of a change in the strength of the external magnetic field applied according to the 

hydrothermal technique, and this study included results presented by XRD, SEM, EDX, FT-IR, 

UV -Visible, respectively, and they were discussed and the impact of heat and magnetic field 

strength applied to the structural, morphological, optical properties of the prepared thin 

membranes was studied. We have been shown by X-ray diffraction results that membranes with 

a multi-crystallized composition of cubic phase MgO membranes with preferred growth 

direction [0 0 2] and hexagonal phase SiO2 membranes within the preferred growth direction      

[0 1 1], and the results showed a high degree of crystallinity, and the average size of the crystals 

size was between (18-30 nm) for MgO and (13-115 nm) for SiO2. Morphological studies using 

SEM also showed that the membranes have clear fullness surfaces and homogeneous, while 

EDX measurement proves the presence of both magnesium (Mg), silicon (Si) and oxygen (O) 

within the thin layers. Structural analyzes by FT-IR showed the presence of vibration patterns of 

Mg-O and Si-O confirming the presence of MgO-SiO2 films. In addition, optical measurements 

reveal that transmittance values range between 88-98% in the visible area and were best when 

applying two external magnetic fields so that the external magnetic field has the opposite 

direction to the other field. This confirms the high transparency of these membranes in this area, 

and the energy interval decreases by decreasing temperature and has a value between                 

2.02 -2.21 eV for permitted indirect electronic transmission and 2.55-2.75 eV for prohibited 

indirect electronic transmission, while the thickness of the films ranged between 1780-2872 

nanometers, the lowest value of the thickness was when two external magnetic fields were 

applied so that they had the same direction and at a temperature of 300 degrees celsius, the value 

of which was inversely proportional to the transmittance, and this is according to the                    

(Beer-Lambert) law.  
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General conclusion 

n this work we studied the thin layers of magnesium oxide, silicon dioxide (MgO-SiO2) 

prepared from natural resources at different deposition temperatures (150-200-300 °C), and 

a change in the strength of the external magnetic field applied using the hydrothermal 

technique deposited on glass. Through the results we obtained using XRD, SEM, EDX, FT-IR, 

and UV-Visible analysis techniques to study the structural, morphological, molecular structure, 

and optical properties respectively, and demonstrate the possibility of depositing MgO-SiO2 

membranes using rocks, hydrothermal method and successfully, we have also been able to study 

the impact of both the deposition temperature and the strength of the applied magnetic field and 

to conclude the extent to which these properties have improved, and we can reflect the most 

important findings and conclusions as follows: 

1. Impact of deposition temperature on prepared thin films 

 The study of structural properties showed that magnesium oxide and silicon dioxide 

membranes have a polycrystalline  structure, so that MgO membranes are cubic phase 

with preferred growth direction [0 0 2] and SiO2 membranes with hexagonal structure 

within the preferred growth direction [0 1 1], we noticed that the difference in 

deposition temperature did not change the nature of the crystal structure, but rather 

changed the constants of the crystal structure, if the increase in temperature leads to a 

decrease in the average size of its grains (G.S) and a decrease in the values of the 

network constants (a0, c0), and this is due to more recrystallization, and as well as the 

increase in the number of crystals, the density of dislocations, which may lead to the 

possibility of stress and compression occurring, with the exception of membranes 

prepared at 200 °C, formed crystal grains of larger size, that is, at this temperature, it led 

to the cancellation of some grain boundaries when the grains coalesce, as well as the 

cancellation of defects that existed after the growth process occurred, rearranging the 

crystalline grains, and improving the crystallinity of the material.  

 

 

I 



General conclusion 

 
129 

 

 Through the results of the diagnosis of using SEM, it was shown that the formation of the 

topographic surface of the membrane depends primarily on the deposition temperature, it 

affects the dimensions of the granules and thus affects the geometric shape, with the 

exception of films deposited at a temperature of 200°C when two external magnetic fields 

are applied in the same direction and 300°C when two magnetic fields are applied in 

opposite directions, EDX analysis confirms the presence of magnesium, oxygen, and 

silicon within the layers, and FT-IR analysis results confirm the presence of vibration 

patterns for Mg-O and Si-O in all prepared membranes. 

 The study of optical properties revealed an increase in the values of optical transmittance 

and a decrease in the values of absorbance and absorption coefficient. The energy gap (Eg) 

also increased with increasing temperature with the occurrence of indirect electronic 

transitions, with the exception of films deposited at 300°C when two magnetic fields in 

opposite directions are applied, this is due to the formation of positional levels and 

increased thickness, and this is confirmed by the results of SEM analysis, while the 

thickness of the films ranged between 1780-2872 nm according to the changing magnetic 

field strength and deposition temperature.  

2. Impact of the applied external magnetic field strength on the deposition of the prepared 

thin films. 

  Through studying the structural properties when two magnetic fields were 

applied in opposite directions, it was revealed that there was an increase in the 

values of the average grain size (G.S.) compared to the films prepared when two 

external magnetic fields were applied in the same direction, thus, we notice an 

increase in the peak intensity of the prominent peaks in the X-ray diffraction 

scheme, especially at a temperature of 200 degrees Celsius, they are considered 

ideal conditions for the arrangement of atoms with minimal defects and maximum 

packing density, thus increasing the crystalline order and degree of crystallization 

of the membrane material upon preparation.  

 Showed through SEM images of the surface of the membranes when two 

magnetic fields in opposite directions are applied, that there is a marked 

homogenization and intensification of physical distribution, this appears in the 

sample surface at 200 °C where the granular particles become small in size with 
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high density while increasing their growth and crystallization, likewise, at a 

temperature of 300 °C, the surface of the membrane becomes more homogeneous 

in distribution and free of islands and voids with the granules gradually 

coalescing. 

 Optical transmittance spectra showed a noticeable increase in their values when 

two magnetic fields in opposite directions were applied, consequently, there is a 

decrease in absorbance values and absorption coefficient, it was also observed 

that an increase in the energy gap values was observed at the temperatures of 150 

and 200 degrees Celsius, and this is due to the possibility of the formation of 

nanoparticles and the presence of the quantum confinement effect, with the 

exception of the films deposited at a temperature of 300 degrees Celsius, which 

witnessed an increase in thickness, this is demonstrated by the results of the 

scanning electron microscope analysis, this means that the deposition rate and 

distribution of the membrane material was affected by the applied external 

magnetic field due to the arrangement of particles and atoms in these membranes, 

as it showed an improvement in the characteristics when two opposite magnet 

fields were shed in the direction.  
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Future prospects 

 

 Preparing thin layers of MgO-SiO2 by the chemical bath method, studying their 

structural, electrical and optical properties and comparing them to the results of the 

current study.  

 

 Study the impact of thickness and annealing of MgO-SiO2 membranes on their synthetic, 

electrical and visual properties prepared in a Sol-gel method. 

 

 

 Study more properties of thin membranes in different preparation methods. 

 

 Prepare thin membranes for other oxides and publish them in international journals. 

 

 The possibility of using MgO-SiO2 membranes in various applications such as gas 

sensors, ultra-storage condensers, Spintronics applications and photovoltaic uses.   

 

 

 

 

 

 

 

 

 

 



  

 
 

 Spintronicsالــ لتطبيق في تـكـنـولـوجـيـا تـركـيـب مواد نانوية جديدة ل :العنوان
 الملخص  

( من خلال 2SiOيليكون )( وثاني أوكسيد السMgOفي هذه الدراسة، قمنا بترسيب أغشية رقيقة نانوية لأوكسيد المغنيسيوم )    

معادن تم استخراجها من موارد طبيعية )الصخور( والمنتجة بواسطة الطريقة الحرارية المائية عند درجات حرارة ترسيب 

مختلفة وفي وجود تغيير في قوة المجال المغناطيسي الخارجي المطبق، وذلك بهدف الحصول على مادة جديدة يمكن استغلالها 

تم تحليل الأغشية التي تم انتاجها بتقنيات مختلفة: مطيافية . Spintronicsوجيا اللف المغزلي الالكتروني ضمن تطبيقات تكنول

لمشتتة ا (، التحليل الطيفي لطاقة الأشعة السينيةSEM(، الماسح المجهري الالكتروني )XRDانعراج الأشعة السينية )

(EDX ،)مطيافية امتصاص الأشعة تحت الحمراء بتحويل فور( يFTIRمطياف الأشعة فوق البنفسجية المرئية ،)                 

(UV-Visible .) 

ذات تركيب متعدد التبلور ( أن الأغشية المحضرة XRDتظهر الدراسة البنيوية باستعمال مطيافية انعراج الأشعة السينية )     

ذات بنية سداسية ضمن الاتجاه المفصل  2SiO وأغشية  [2 0 0]ذات طور مكعب مع الاتجاه المفصل للنمو   OMg بحيث أن

كما اتضح أن الاختلاف في درجة حرارة الترسيب لم تغير من طبيعة التركيب البلوري بل عملت على تغيير  ، [1 1 0]للنمو

في  الشبكة، حيث أن الزيادة في درجة حرارة الترسيب تؤدي الى انخفاض حجم الحبيبات البلورية وكذلك ثوابتطفيف في قيم 

وفي كلا الحالتين والتي أدت الى التحسن بلورية المادة وذلك  C°200 ( باستثناء الأغشية المرسبة عند0c,0aثوابت الشبكة )

كما تبين أن عند تسليط حقلين متعاكسين في الاتجاه يؤدي الى ارتفاع في قيم متوسط حجم  بإلغاء الحدود الحبيبية والتحامها.

عند تطبيق حقلين متعاكسين في الاتجاه. أثبت  C°200تبلور عند الأغشية المحضرة في  من درجة ( وكانت أعلىG.Sالحبيبي )

المجهر الالكتروني الماسح أن الشكل التضاريسي للغشاء يعتمد بالدرجة الأساسية على درجة حرارة الترسيب فهي تؤثر على 

ض الحجم وكثافة الحبيبات بزيادة درجة حرارة الترسيب أبعاد الحبيبات وبالتالي تؤثر على الشكل الهندسي لها، حيث انخف

عند تسليط حقلين متعاكسين في الاتجاه،  C°300والاتجاه  لهما نفسعند تسليط حقلين  C°200باستثناء الأغشية المرسبة في 

تحام للحبيبات تدريجيا. كما تبين أن عند تسليط حقلين متعاكسين في الاتجاه يعمل على تجانس وتكاثف أكثر للتوزيع المادي مع ال

وجود المغنيسيوم والاكسجين والسيليكون داخل الطبقات الرقيقة. أظهرت الأشعة الفوق  FTIRو EDXأكد كل من تحليل 

وأن قيمها تسجل اعلى ارتفاع عند  البنفسجية المرئية أن النفاذية والفاصل الطاقي يزداد مع الزيادة في درجة حرارة الترسيب

ويرجع ذلك  ،عند تطبيق حقلين متعاكسين في الاتجاه  C°300عاكسين في الاتجاه باستثناء الأغشية المرسبة عندتطبيق حقلين مت

غناطيسي الخارجي المطبق وهذا راجع الى لزيادة السمك مما يعي أن معدل الترسيب وتوزيع مادة الغشاء تأثر بالمجال الم

 . ترتيب الجزيئات والذرات الموجودة في هذه الأغشية

 

 الرقيقة. الأغشية، الطريقة الحرارة المائية، انوية، اللف المغزلي الالكترونيالمواد الن الكلمات المفتاحية:



  

 
 

Titre : Elaboration des nouveaux nanomatériaux à l’application dans la Spintronics 

Résumé 

    Dans cette étude, nous avons déposé des films nano-minces d'oxyde de magnésium (MgO) et 

de dioxyde de silicium (SiO2) à travers des minéraux extraits de ressources naturelles (roches) et 

produits par la méthode hydrothermale à différentes températures de dépôt et en présence d'un 

changement de la force du champ magnétique externe appliqué, ceci dans le but d'obtenir un 

nouveau matériau pouvant être exploité dans des applications de la technologie Spintronics. les 

membranes produites ont été analysées avec différentes techniques : spectroscopie de diffraction 

des rayons X (DRX), microscopie électronique à balayage (MEB), spectroscopie de rayons X à 

dispersion d'énergie (EDX), spectroscopie d'absorption infrarouge à transformée de Fourier 

(FTIR), spectroscopie ultraviolette-visible (UV-Visible).  

   L'étude structurelle utilisant la spectroscopie de diffraction des rayons X (DRX) montre que les 

films préparés ont une structure polycrystalline telle que MgO a une phase cubique avec la 

direction détaillée de croissance [0 0 2] et les films SiO2 ont une structure hexagonale dans la 

direction détaillée de croissance [0 1 1], il s’avère également que la différence dans la 

température de dépôt n’a pas changé la nature de la structure cristalline mais a plutôt changé les 

valeurs des constantes du réseau, l'augmentation de la température de dépôt entraîne une 

diminution de la taille des grains cristallins, ainsi que des constantes de réseau (a0, c0), à 

l'exception des films déposés à 200°C, et dans les deux cas, ce qui conduit à ont amélioré la 

cristallisation de la substance par suppression des joints de grains et de leur coalescence. Il a 

également été montré que l'application de deux champs opposés dans la direction entraîne une 

augmentation des valeurs de la taille moyenne des grains (G.S), et que le degré de cristallinité le 

plus élevé se trouvait dans les films préparés à 200°C lorsque deux champs opposés étaient 

appliqué dans la direction. Le microscope électronique à balayage a prouvé que la forme 

topographique de la membrane dépend principalement de la température de dépôt, car elle 

affecte les dimensions des grains et donc leur forme géométrique. La taille et la densité des 

grains diminue avec l'augmentation de la température de dépôt, à l'exception des films déposés à 

200°C lorsque deux champs dans la même direction sont appliqués et à 300°C lorsque deux 

champs dans des directions opposées sont appliqués, il a également été montré que lorsque deux 

champs sont dirigés dans des directions opposées, la répartition physique devient plus homogène 

et plus dense, les grains fusionnant progressivement. Les analyses EDX et FTIR ont confirmé la 

présence de magnésium, d'oxygène et de silicium dans les couches minces. Le rayonnement 

ultraviolet-visible a montré que la transmittance et gap d’énergie augmentent avec 

l'augmentation de la température de dépôt et que leurs valeurs enregistrent la plus forte 

augmentation lors de l’application de deux champs opposés dans la direction, à l'exception des 

membranes déposés à 300°C lorsque deux champs opposés sont appliqués dans la direction, cela 

est dû à l’augmentation de l’épaisseur, ce qui signifie que la vitesse de dépôt et la répartition du 

matériau de la membrane sont affectées par le champ magnétique externe appliqué, et cela est dû 

à la disposition des molécules et des atomes présents dans ces membranes.  

 

Mots Clés : nanomatériaux, spintronique, hydrothermale, couches minces. 

 

 

 



  

 
 

 

Title: Elaboration of New Nanomaterials for Spintronic Applications   
Abstract 

    In this study, we deposited nano-thin films of magnesium oxide (MgO) and silicon 

dioxide (SiO2) through minerals extracted from natural resources (rocks) and produced by 

the hydrothermal method at different deposition temperatures and in the presence of a 

change in the force of the applied external magnetic field, this with the aim of obtaining a 

new material that can be exploited in applications of Spintronics technology. The 

membranes produced were analyzed with different techniques: X-ray diffraction 

spectroscopy (XRD), scanning electron microscopy (SEM), energy dispersive X-ray 

spectroscopy (EDX), Fourier transform infrared absorption spectroscopy (FTIR), and 

ultraviolet-visible spectroscopy (UV -Visible).  

    The structural study using X-ray diffraction (XRD) spectroscopy shows that the 

prepared films have a polycrystalline structure such that MgO has a cubic phase with the 

detailed direction of growth [0 0 2] and the SiO2 films have a hexagonal structure in the 

detailed direction of growth [0 1 1], it also turns out that the difference in the deposition 

temperature did not change the nature of the crystalline structure, but rather changed the 

values of the network constants, the increase in deposition temperature leads to a decrease 

in the size of the crystalline grains, as well as network constants (a0, c0), with the exception 

of films deposited at 200°C, and in both cases, which leads to improved crystallization of 

the substance by removing grain boundaries and their coalescence. It has also been shown 

that the application of two fields opposite in direction results in an increase in the average 

grain size (G.S) values, and that the highest degree of crystallinity was in prepared films at 

200°C when two opposite fields were applied in the direction. The scanning electron 

microscope proved that the topographic shape of the membrane depends mainly on the 

deposition temperature, because it affects the dimensions of the grains and therefore their 

geometric shape. Grain size and density decreases with increasing deposition temperature, 

with the exception of films deposited at 200°C when two fields in the same direction are 

applied and at 300°C when two fields in opposite directions are applied, it has also been 

shown that when two fields are directed in opposite directions, the physical distribution 

becomes more homogeneous and denser, the grains gradually fusing. EDX and FTIR 

analyses confirmed the presence of magnesium, oxygen and silicon in thin films, 

ultraviolet-visible radiation showed that the transmittance and energy gap increase with 

increasing deposition temperature and that their values register the highest increase when 

applying two opposite fields in the direction, with the exception of membranes deposited at 

300°C when two opposite fields are applied in the direction, this is due to the increase in 

thickness, which means that the deposition rate and distribution of membrane material are 

affected by the applied external magnetic field, and this is due to the arrangement of 

molecules and atoms present in these membranes. 

 

Keywords: nano-materials, spintronics, hydrothermal, thin films. 


