
 
 

 

 

 

 

 

Faculty of Graduate Studies Chemistry Department 

 

Synthesis and Characterization of Graphene Oxide 

and Magnetic Nanoparticles for Drug Delivery 

 

By: 

Razan  Mohammad Al Hroub 

 

 
Supervisor: 

Dr. Sami Makharza 

 

 

 
This Thesis Submitted in Partial Fulfillment of the Requirements for the 

Degree of Master of Chemistry, College of Graduate Studies & Academic 

Research, Hebron University, Palestine 

 

 

2022 





i 
 

Dedication 
 

I dedicate this thesis to everyone who helped and make it possible, backed me up, 

whether it was with a phrase or a deed. 

To my family, my beloved husband, colleagues, and my supervisor Dr. Sami Makharza, have 

sent me a special gift. 

I'd like to thank the teaching staff at Hebron University chemistry department, as well as the 

technicians in the chemistry and pharmacy labs, who played a critical role in this project success. 

  



ii 
 

Acknowledgment 

 

At the outset of my thesis, I want to express my heartfelt  gratitude to my wonderful  

parents, and  my husband’s family for their love and support, special thanks to my husband  

Eyad AL-Aqabna, without support and encouragement, I would not have been able to complete  

my studies to my satisfaction, and I do not forget to thank my daughters, Eman  and  Reman, for 

their love and support during  my  research. 

I’d  like to express my heartfelt  gratitude to my supervisor Dr. Sami Makharza, for his support, 

guidance, assistance, and helpful feedback. 

Finally, thank my colleague Majdoleen AL-Atawna for always being there for me during my 

darkest hours, she always consoled me. 

    



iii 
 

Table of contents 

 

Dedication .............................................................................................................................. i 

Acknowledgment .................................................................................................................. ii 

Table of contents .................................................................................................................. iii 

List of Tables ....................................................................................................................... vi 

List of Figures ..................................................................................................................... vii 

List of Abbreviations ......................................................................................................... viii 

Abstract ................................................................................................................................ ix 

Chapter One: Introduction ...................................................................................................1 

1.1 Nanotechnology  in  Medicine .............................................................................................. 2 

1.2 Carbon Nanomaterial ........................................................................................................... 3 

1.2.1 Fullerene ...................................................................................................................... 4 

1.2.2 Carbon  Nanotube ( CNT) ............................................................................................. 5 

1.2.3         Graphene ...................................................................................................................... 6 

1.3 Magnetism ........................................................................................................................... 8 

1.4 Magnetic nanoparticles ...................................................................................................... 10 

1.5 Modification of nanoparticles ............................................................................................. 12 

1.6 Nanotechnology in cancer therapy ...................................................................................... 13 

1.7 Nanosystem for drug delivery ............................................................................................. 15 

1.8 Research objectives ............................................................................................................ 16 

Chapter Two: Literature Review ........................................................................................ 17 

2.1 Graphene oxide .................................................................................................................. 18 

2.2 Magnetite ( Fe3O4).............................................................................................................. 18 

2.3 Graphene oxide / chitosan / magnetite nanocomposites ....................................................... 20 

Chapter Three: Methodology .............................................................................................. 22 



iv 
 

3.1 Materials and Methods ....................................................................................................... 23 

3.1.1 Chemicals ................................................................................................................... 23 

3.1.2 Instrumentation ........................................................................................................... 23 

3.2 Methods ............................................................................................................................. 23 

3.2.1 Preparation of graphite oxide ...................................................................................... 23 

3.2.2 Preparation of  graphene  oxide  nanoparticles ............................................................ 24 

3.2.3 Synthesis  of  iron  oxide  particles  (Fe3O4) (co-precipitation) ..................................... 25 

3.2.4 Preparation  of  graphite oxide-Fe3O4  nanoparticles .................................................... 25 

3.2.5 Preparation  of  graphene oxide-Fe3O4  nanoparticles .................................................. 26 

3.2.6 Preparation  of  graphite  oxide with chitosan .............................................................. 26 

3.2.7 Preparation  of  graphene oxide with chitosan ............................................................. 26 

3.2.8 Preparation  of  graphite oxide-chitosan-Fe3O4  nanoparticles ...................................... 26 

3.2.9 Preparation  of  graphene oxide-chitosan-Fe3O4  nanoparticles .................................... 27 

Chapter Four:Result and Discussion .................................................................................. 28 

4.1 Characterization ................................................................................................................. 29 

4.1.1 Fourier-transform infrared spectroscopy (FT-IR) ........................................................ 29 

I. FT-IR of Graphite, Graphite oxide-450nm, Graphene oxide-200nm ................................ 29 

II. FT-IR of  Fe3O4 .............................................................................................................. 30 

III. FT-IR  of  (GO-450 nm / Fe3O4) and (GO-200 nm / Fe3O4) ............................................. 31 

IV. FT-IR of chitosan ........................................................................................................... 32 

V. FT-IR  of  GO-450 nm /Cs  and GO-200 nm /Cs ............................................................. 33 

VI. FT-IR  of  GO-450 nm / Cs / Fe3O4 and GO-200nm / Cs / Fe3O4 ..................................... 35 

4.1.2 UV-visible spectrophotometer study ........................................................................... 36 

I. UV-visible  spectroscopy of  iron oxide particles ............................................................ 36 

II. UV-visible  of  GO-450 nm  and GO-200 nm.................................................................. 37 

III. UV-visible  of  GO-450 nm / Fe3O4 and GO-200 nm / Fe3O4........................................... 37 



v 
 

IV. UV-visible  of  chitosan .................................................................................................. 39 

V. UV-visible  of  GO-450 nm / Cs and GO-200 nm / Cs..................................................... 40 

VI. UV-visible  of  GO-450 nm/Cs/Fe3O4  and GO-200 nm/Cs/Fe3O4 ................................... 40 

4.1.3 Synthesis  of  Fe3O4 .................................................................................................... 41 

4.1.4 Differential scanning calorimetry (DSC) ..................................................................... 42 

Chapter Five: Conclusion and Recommendations ............................................................. 46 

1.1 Conclusion ......................................................................................................................... 47 

1.2 Recommendations .............................................................................................................. 47 

References ............................................................................................................................ 48 

 

 

 

 



vi 
 

List of Tables 

 

Table 1: Examples of nanoparticales used in biological research.............................................................. 3 

Table 2: Physical properties of  magnetite. ............................................................................................ 11 

Table 3: Some examples of modified by different materials ................................................................... 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/user/Desktop/razan-thesis%20finally.docx%23_Toc95698188
file:///C:/Users/user/Desktop/razan-thesis%20finally.docx%23_Toc95698189
file:///C:/Users/user/Desktop/razan-thesis%20finally.docx%23_Toc95698190


vii 
 

List of Figure 

 
Figure 1. Allotropes of carbon. ............................................................................................................... 4 

Figure 2. Single, double and multi walled carbon nanotubes.................................................................... 5 

Figure 3. Types of single-walled carbon nanotubes. ................................................................................ 6 

Figure 4. Structure of graphene oxide (GO) ............................................................................................ 7 

Figure 5. types of materials  magnetism .................................................................................................. 9 

Figure 6. Structure of chitosan. ............................................................................................................. 13 

Figure 7. Passive and active targeting of nanoparticles. ......................................................................... 15 

Figure 8. Preparation steps of graphite oxide ......................................................................................... 24 

Figure 9. Magnetic nanopartical during preparation .............................................................................. 25 

Figure 10. FT-IR spectra of (a) graphite, (b) graphite oxide and (c) graphene oxide . ............................. 30 

Figure 11. FT-IR spectrum of Fe3O4. .................................................................................................... 31 

Figure 12. FT-IR of spectra of (a) GO-450 nm/Fe3O4, (b) GO-200 nm/Fe3O4. ....................................... 32 

Figure 13. FT-IR spectra of chitosan. .................................................................................................... 33 

Figure 14. FT-IR spectra of (a)GO-450 nm /Cs and (b) GO-200 nm / Cs . ............................................. 34 

Figure 15. spectra of (a) GO-450 nm/Cs/Fe3O4 and (b) GO-200 nm/Cs/Fe3O4. ...................................... 35 

Figure 16. FT-IR spectra of Fe3O4 , GO-200 nm /Ch and GO-200 nm/Ch/Fe3O4 . .................................. 35 

Figure 17. UV-Vis spectrum of Fe3O4 . ................................................................................................. 36 

Figure 18. UV-Vis spectra of GO-450 nm and GO-200 nm. .................................................................. 37 

Figure 19. UV-Vis spectra of GO-450 nm / Fe3O4 and GO-200 nm / Fe3O4. .......................................... 38 

Figure 20. The separation and redispersion of a solution of GO-200 nm / Fe3O4 in the absence (left) and 

presence of an external magnetic field (right) . ....................................................................................... 38 

Figure 21. UV-Vis spectrum of chitosan. .............................................................................................. 39 

Figure 22. UV-Vis spectra of GO- 450 nm / Cs and GO-200 nm / Cs . .................................................. 40 

Figure 23. UV-Vis spectra of GO-450 nm/Cs/Fe3O4 and GO-200 nm/Cs/Fe3O4. .................................... 41 

Figure 24. Magnetic activity of Fe3O4 particles with (a) and without external magnetic field (b). ........... 42 

Figure 25. DSC thermal study of Fe3O4. ................................................................................................ 43 

Figure 26. DSC thermal study of GO-200 nm . ..................................................................................... 44 

Figure 27. DSC thermal study of GO-200 nm / Fe3O4 . ......................................................................... 45 

 

 

 

file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541701
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541702
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541703
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541704
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541705
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541706
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541707
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541708
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541709
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541710
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541711
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541712
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541713
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541714
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541715
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541716
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541717
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541718
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541719
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541720
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541720
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541721
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541722
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541723
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541724
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541725
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541726
file:///C:/Users/user/Desktop/razan-thesis%20finally%203%20%20نسخة%20معدلة.docx%23_Toc100541727


viii 
 

List of Abbreviations 

 
 

Fe3O4 
 

Iron(III) oxide 

RPM Rotation  per  minute 

DMF N,N-Dimethylformamide (C3H7NO) 

Ø pour  size  of  filter paper 

FT-IR Fourier-transform  infrared  spectroscopy 

MNPs Magnetic  nanoparticals 

UV-Vis Ultraviolet – visible  absorption  spectroscopy 

GO- 450 nm Graphite  oxide-450 nm 

GO- 200 nm Graphene  oxide-200 nm 

DSC Differential  Scanning  Calorimetry 

Cs Chitosan 

CNTs Carbon  nanotubes  

SWCNTs Single-walled  carbon  nanotubes  

DWCNTs Double-walled  carbon  nanotubes 

MWCNTs Multi-walled  carbon  nanotubes  

D.W Distilled  water 

   

 

 

 



ix 
 

Abstract 

 

In this thesis we have prepared and characterize two sizes of GO (450 and 200 nm). As 

well as, magnetic based iron oxide particles have been prepared and loaded on GO and 

functionalized GO based on chitosan molecules.    

The oxidation-reduction process was used to make graphite oxide (Hummers method), and the 

end product was designated graphite oxide as prepare (GO- 450 nm), Under controlled 

conditions, a tip sonicator was used to decrease the particle size to 200 nm (time and power of 

sonication). A simple chemical reaction (Co-precipitation) between 𝐹𝑒+3 and 𝐹𝑒+2 produces 

magnetic iron oxide particles called Fe3O4.  

FT-IR spectroscopy reveals that two sizes of GO particles (GO-450 nm and GO-200 nm) have 

different types of oxygen groups on their surfaces, and the FT-IR spectrum of prepared Fe3O4 are  

shown a strong peak at around  588 cm-1 proving that the formation of magnetic particles is 

performed. FT-IR spectra of (GO-200 nm/Cs/Fe3O4) exhibit sharp peak than (GO-450 

nm/Cs/Fe3O4). DSC of  Fe3O4, GO-200 nm  and GO-200 nm/Fe3O4 for identification the 

structure. The UV- visible spectroscopy for two system{ (GO-450 nm/Cs/Fe3O4), (GO-200 

nm/Cs/Fe3O4)} revealed the bandwidth increase with decreasing the size of nanoparticles. 
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Introduction 
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1.1 Nanotechnology  in  Medicine 
 

Nanotechnology is a large and multidisciplinary field of study and development that has 

grown significantly in recent decades. Purposefully influencing matter at the nanoscale is a new 

idea, first proposed by Richard Feynman in a presentation to the American Physical Society in 

1959 titled "There is plenty of room at the bottom: an invitation to enter a new field of 

physics."[1]. In 1974, the term ‘nanotechnology’ was first given by a Japanese scientist, Prof 

Norio Taniguchi (University of Tokyo). Nanotechnology is the study and control of materials 

with dimensions ranging from 1 to 100 nanometers, allowing for unique size-dependent 

characteristics[2]. The word "nano" comes from the Greek word "dwarf".  Hence, a nanometer 

(nm) is one billionth of a meter. 

Nanomaterials are believed to be significantly more reactive than bulk materials because they 

have a large surface area and a high fraction of atoms at the surface.  As a result, the physical and 

chemical characteristics of these nanostructure materials differ significantly from those of a 

single atom (molecule) and bulk material of similar chemical structure. These nanostructures are 

incredibly tiny once produced, and they produce some unique and intriguing electrical, optical, 

structural, and electromagnetic characteristics in nanomaterials. Nanomaterials have attracted a 

lot of interest and are being used for a variety of applications in textiles, drug delivery, energy 

storage systems, cosmetics, microelectronics, and healthcare due to their unique and 

advantageous physical, chemical, and mechanical characteristics[3].  

In nanomedicine, which is the use of nanotechnology in medicine, nano-scaled materials and 

nano electronic biosensors are used to diagnose, monitor, follow-up, and prevent illnesses. Many 

diseases today, ranging from diabetes to cancer to Parkinson's and Alzheimer's, pose a serious 

danger to human life, and precise diagnosis is critical for proper treatment. Nanosensors and 

nanoparticles made using nanotechnology are critical for accurate diagnosis and rapid 

treatment[4]. 

Ultrasensitive and selective multiplexed diagnostics, drug delivery, targeted treatment of cancer 

and other illnesses, body imaging, tissue/organ regeneration, and gene therapy are the most 

potential future nanoscience-based uses in medicine. All of these applications combine technical 

advancements with better biological system manipulation methods[5]. Table1 shows some 

nanoparticles used in biological research. 
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Nanoparticle Application Reference 

Magnetic nanoparticles 
Specific targeting of cancer cells, tissue 

imaging 
[6] 

Silicon-based nanowires 

Real-time detection and titration of 

antibodies, 

virus detection, chip-based biosensors 

[7],[8] 

Carbon nanotubes Electronic biosensors [9] 

polymer–drug nanoparticles 
Colorectal cancer, lung metastasis 

treatment 
[10] 

graphene oxide nanoparticle 

functionalized with 

polyethylene glycol and folic acid 

anticancer drug delivery [11] 

silver nanoparticles 
treatment of lung 

cancer 
[12] 

Fluorescent nanodiamond repair of lung stem cells [13] 

 

 

1.2 Carbon Nanomaterial  
 

Carbon is an element with atomic number 6. The periodic table of the elements places it 

in group IV. The ability of some chemical elements to form a variety of molecular shapes from 

the same kind of atoms is known as "allotropy". Graphite, diamond are carbon allotropes[14]. 

The carbon atoms in graphite are sp2 hybridized, meaning that each carbon has three covalent 

bonds (σ bonds) with three other carbons in the same plane. The fourth valence electron that is 

not involved in the sp2 hybridization is delocalized through π-π interaction, resulting in in-plane 

metallic bonding. As a result, the bonding inside the layer is a combination of covalent and 

metallic bonding. The neighboring layers, on the other hand, are weakly bonded by van der 

Waals forces, but the carbon atoms in diamond have been sp3 hybridized, which means that each 

carbon atom has four covalent bonds (σ bonds) that are directed tetrahedrally to four other 

carbon atoms. There are no free electrons since all of the valence electrons are involved in 

covalent bonds. Diamond, as a result, is an electrical insulator[15].  

Table 1: Examples of nanoparticales used in biological research 
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Meanwhile, various new allotropic forms have been described, including carbon nanomaterials, 

the most popular method for classifying carbon-based nanomaterials is to look at their 

geometrical structure. Carbon nanostructures can be tube-shaped, horn-shaped, spherical, or 

ellipsoidal in form. Carbon nanotubes are tube-shaped particles; nanohorns are horn-shaped 

particles; fullerenes are spheres or ellipsoids; and graphene is a single layer (monolayer) of 

carbon atoms (figure 1) [16]. 

 

 

1.2.1 Fullerene 
 

 In 1985 the fullerene was  discovered by H.W. Kroto, R.F. Curl and R.E. Smalley [17], 

Fullerene is the C60 molecule, which is made up entirely of carbon atoms and contains no other 

elements. The molecule has the shape of a ball, with diameter about 0.7 nm [18]. Each carbon 

atom is connected to three other carbon atoms by three bonds, and it is frequently found near the 

vertices of pentagons and hexagons on the sphere's surface. The word fullerene was coined in 

honor of Buckminster Fuller, an American architect who created a huge geodesic dome that 

Figure 1. Allotropes of carbon. 
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mirrored the molecular structure of C60. Bucky balls are the name for these balls, other possible 

fullerene structures are C20, C24, C28, C32, C36, and C60. Fullerenes are employed as catalysts, 

lubricants, and carriers for delivering drugs into the body [15]. 

 

1.2.2 Carbon  Nanotube ( CNT)  
 

CNTs are a type of carbon allotrope with unique characteristics that make them ideal for 

technological applications, S. Iijima, a Japanese researcher, discovered  CNTs  in 1991[19]. 

Carbon nanotubes are cylindrical structures made up of rolled graphene sheets with a diameter of 

several nanometers. The length, diameter, chirality (symmetry of the rolled graphite sheet), and 

number of layers of carbon nanotubes can all vary. CNTs are divided into three types based on 

their structure: single-walled carbon nanotubes (SWCNTs), multi-walled carbon nanotubes 

(MWCNTs) figure 2 [20], and double-walled carbon nanotubes (DWCNTs) [21]. 

 SWCNTs are made up of a single cylindrical carbon layer with a few micrometers in length and 

diameter ranging from 0.4 to 2 nanometers, depending on the temperature at which they were 

made. It was discovered that the bigger the diameter of CNTs is, the higher the growing 

temperature. MWCNTs are made up of several coaxial cylinders. MWCNTs have an outside 

diameter of 2 to 100 nanometers, an inside diameter of 1-3 nanometers, and a length of one to 

several micrometers [22].  

 

 

 

Figure 2. Single, double and multi walled carbon nanotubes. 
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When compared to other fibrous materials, CNTs have a unique mix of rigidity, strength, and 

elasticity due to their structure. In comparison to other conductive materials, CNTs have a high 

thermal and electrical conductivity [23]. The chirality or hexagon orientation of SWCNTs with 

respect to the tube axis determines their electrical characteristics. SWCNTs are divided into three 

sub-classes based on their electrical conductivity: (i) armchair (electrical conductivity > copper), 

(ii) zigzag (semi-conductive characteristics), and (iii) chiral (semi-conductive characteristics) as 

exhibited in figure 3 [16]. 

 

 

 

 
CNTs' functionalization allows them to be used in a variety of applications. Because of their 

construction, the tubes contain an inner and outer core, both of which may be changed by 

different functional groups. As a result, CNTs may be tailored to specific applications. The uses 

of carbon nanotubes in biomedicine are being studied in four primary areas: drug delivery, 

biomedical imaging, biosensors, and tissue engineering scaffolds [24]. 

 

1.2.3 Graphene 
 

 

Graphene is a two-dimensional allotropic carbon material made up of single carbon atom 

layers as shown in figure 1. Carbon atoms in graphene show sp2-hybridization in a two-

Figure 3. Types of single-walled carbon nanotubes. 
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dimensional hexagonal crystal lattice linked by σ and π bonds. Other carbon allotropes, such as 

graphite, carbon nanotubes, and fullerenes, contain graphene as a structural constituent. 

Theoretical graphene research began long before actual material samples were obtained. P. R. 

Wallace, a Canadian theoretical physicist, was the first to investigate the theory of graphene in 

1947, while A. Geim (a Dutch-British physicist) and K. Novoselov (a Russian-British physicist) 

described the first graphene samples 57 years later (in 2004), and were awarded the Nobel Prize 

in 2010 [25]. 

High conductivity, huge surface area, and mechanical and thermal durability are only a few of 

the amazing features of graphene. These characteristics make graphene a useful material in a 

variety of applications, including fuel cell catalysis, supercapacitors, photocatalysis, 

heterogeneous catalysis, water purification, drug delivery, and biosensing [26]. Graphene is a 

highly hydrophobic material that does not dissolve in hydrophilic solvents and collects into huge 

aggregates. Graphene oxide (GO) (figure 4 [27]) is a frequently applied option to solve this 

problem.  

Chemical exfoliation of graphite powder with a strong oxidizing reagent yields extremely 

colloidally stable exfoliated hydrophilic GO sheets. Carbons with sp2 (C= C, C=O) and sp3 (C–

C, C–OH, C–O–C) hybridization, as well as oxygen functionality such as hydroxyl, epoxy, 

carbonyl, and carboxyl groups, are found in GO [28]. 

 

 

 

 

Figure 4. Structure of graphene oxide (GO) 
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1.3 Magnetism  
 

The alignment of the electron spin causes magnetism or magnetic effects in a substance. 

The spin of electric-charged particles (electrons, holes, protons, positive and negative ions) with 

both mass and electric charges can result in the formation of a magnetic dipole, or magneton. 

Thus, materials' magnetism may be divided into five fundamental kinds, namely 

paramagnetism, diamagnetism, ferromagnetism, ferrimagnetisms, and antiferromagnetism 

as shown in figure 5 [29], based on their reactions to an external magnetic field and the 

orientation of magnetic moments in materials [30]. 

Very weak; exists only in presence of an external field, non-permanent, becoause the applied 

external field acts on atoms of a material, slightly unbalancing their orbiting electrons, and 

creates small magnetic dipoles within atoms which that oppose the applied field. This action 

produces a negative magnetic effect known as diamagnetism, such as Cu, Ag, Si, Ag and 

alumina are diamagnetic at room temperature [31]. 

Slightly stronger; dipoles line up with the field when an external field is introduced, resulting in 

positive magnetization. Para-magnetic materials are those that have a modest positive magnetic 

susceptibility in the presence of a magnetic field. The orientations of atomic magnetic moments 

are random in the absence of an external field, resulting in no net magnetization; nevertheless, 

when an external field is introduced, dipoles line up with the field, resulting in positive 

magnetization. Furthermore, if the magnetic field is removed, the effect is gone. Many materials, 

such as aluminum, calcium, titanium, and copper alloys, cause paramagnetism [32]. 

Because magnetization occurs only in the presence of an external field, both dia- and para-

magnetic materials are classified as non-magnetic. However, even in the absence of an external 

field, certain materials have permanent magnetic moments. This is due to unfilled energy levels 

forming permanent unpaired dipoles. Due to the exchange interaction or mutual reinforcement of 

the dipoles, these dipoles can easily line up with the imposed magnetic field. These are 

ferromagnetic chrematistics. Ferromagnetism materials (examples: Fe, Co, Ni, Gd) Ferro 

magnets are extremely powerful; when an external field is applied, the dipoles line up 

permanently. There are two sub-classes in this class: Anti-ferromagnetism, and  

Ferrimagnetisms.  
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The dipoles line up in antiferromagnets, but in opposite directions, resulting in zero 

magnetization. Example: Mn, Cr, MnO, NiO, CoO, MnCl. The inter-atomic spacing and atomic 

locations are highly important in the exchange interaction, which is responsible for the parallel 

alignment of spins. The anti-parallel alignment of spins is caused by this sensitivity. There is no 

net spin moment when the intensity of anti-parallel spin magnetic moments is equal, and the 

consequent susceptibilities are extremely tiny. 

Net magnetization may be seen in some ceramic materials. Fe3O4, NiFe2O4, (Mn.Mg)Fe2O4, 

PbFe12O19, and Ba Fe12O19 are some examples. The dipoles of one cation may line up with the 

field in a magnetic field, whereas the dipoles of another cation may not. Ferrites are the ceramics 

involved, and the phenomenon is known as ferri-magnetism. The spins of various atoms or ions 

line up anti-parallel in ferri-magnetism, similar to anti-ferro-magnetism. The spins, however, do 

not cancel each other out, and there is a net spin moment. These materials, like ferro-magnets, 

have a large yet field-dependent magnetic susceptibility because these ceramics are excellent 

insulators, electrical losses are low, and ferrites may be found in a variety of devices, including 

high-frequency transformers [30]. 

 

 

 

 

 

Figure 5. types of materials  magnetism 
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1.4 Magnetic nanoparticles 
 

Magnetic nanoparticles abound in nature and can be discovered in a variety of biological 

structures, where used in information storage and retrieval systems, new permanent magnets, 

magnetic cooling systems, magnetic sensors, biomedicine, and catalysis, as well as contrast 

agents for magnetic resonance imaging and cancer therapy agents [33]. 

Iron oxide nanoparticles are the most often used magnetic nanoparticles, while may be found in 

nature in a variety of structures and phases, including oxides, oxyhydroxides, and hydroxides. At 

ambient pressure, six phases of iron oxides can occur, including magnetite Fe3O4, wustite FeO, 

and Fe2O3 (α-Fe2O3, γ-Fe2O3, β-Fe2O3, and ε-Fe2O3). Fe3O4 (magnetite), α-Fe2O3 (hematite), γ-

Fe2O3 (maghemite), and FeO (wustite) are the most frequent ferrous and ferric oxides that are 

researched because of their unique properties at the nanoscale. Furthermore, these iron oxides 

have strong magnetic properties in nature, surface enhancement and functionalization of these 

magnetic oxides at nanometric dimensions has a lot of applications, including biomedical, 

catalysts, batteries, magnetic resonance imaging agents (MRI), and biosensing [34]. 

Black iron oxide, magnetic iron ore, loadstone, ferrous ferrite, and Hercules stone are all names 

for magnetite (Fe3O4), and it has the highest magnetic properties of any transition metal oxide. 

Close-packed planes of oxygen anions with iron cations in octahedral or tetrahedral interstitial 

sites characterize the magnetite crystal structure [35]. The oxygen ions in magnetite are arranged 

in a cubic close-packed configuration. With Fe(III) ions distributed randomly between octahedral 

and tetrahedral sites, and Fe(II) ions in octahedral sites, magnetite exhibits an inverse spinel 

structure [36]. 

The active electrons in the 3d orbitals give magnetite its unique electronic and ferromagnetic 

characteristics (unpaired electron spins), wherefore; in room temperature, magnetite is a 

ferromagnetic substance, and It is a naturally occurring mineral that has the highest magnetic of 

any transition metal oxide. The following table summarizes some of the physical properties of 

magnetite [35]. 
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[35][35] 

Property Magnetite 

Molecular formula Fe3O4 

Density (g/cm3) 5.18 

Melting point (˚C) 1583 - 1597 

Hardness 5.5 

Type of magnetism Ferromagnetic 

Standard free energy of formation ΔG˚f  (kJ/mol) -1012.6 

 

Various techniques, including as co-precipitation, hydrothermal, thermal decomposition, and the 

sol–gel technique, have been used to synthesize magnetite (Fe3O4) nanoparticles [37].  Magnetite 

nanoparticles have been studied for a variety of uses, including rapid magnetic separation, 

improved sensitivity in magnetic resonance imaging ( MRI ) contract agents, high drug loading 

capacity nanocarriers, and magnetically responsive photonic crystals. Furthermore, 

nanotechnology has the potential to build biomedical nanoplatforms for cancer therapy. 

Magnetic nanoparticles, which combine some of the most appealing properties of magnetic 

manipulation [38].  

Magnetite nanoparticles with cell membrane coatings have recently been developed for tumor 

targeting and drug delivery. Macrophage membrane-coated magnetic nanoparticles, for example, 

have been shown to be effective nanocarriers for tumor targeting and treatment [39]. The 

functioning transmembrane receptors in that study were able to identify cancer cells through 

cell–cell adhesion between macrophage and cancer cell surfaces, allowing for efficient cell 

targeting. Similar principles have also been proven for membrane-coated magnetic nanoparticles 

made from myeloid-derived suppressor cells, which worked well in immune evasion and active 

tumor targeting. In another hand, the optical applications of magnetic nanoparticles, The optical 

response of magnetic nanoclusters of various clusters and grain sizes were tested. It was revealed 

that there was a critical nanocluster size (40 nm) below which no changes in light diffraction 

with applied magnetic fields could be seen. Furthermore, bigger nanoclusters (>160 nm) 

diffracted red light in low magnetic fields, but smaller nanoclusters (100 nm) diffracted blue 

light in higher magnetic fields [40]. 

Table 2: Physical properties of  magnetite. 
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1.5 Modification of nanoparticles  
 

The physical-chemical modification of nanoparticles is an essential step for (a) 

passivating a highly reactive nanoparticle, (b) stabilizing a highly aggregative nanoparticle in a 

medium (such as a solvent or a polymer melt) in which the nanoparticles are to be dispersed, (c) 

functionalizing the nanoparticle for applications such as molecular recognition, or (d) promoting 

nanoparticle assembly. Grafting thiolated surfactants or polymers, adsorption of charged 

surfactants, charged ligands, or polymer brushes, attachment of biological molecules such as 

DNA, peptides, proteins, antigens, or coating a continuous polymer film on nanoparticles are 

some of the most commonly used surface modification methods  [41]. In table 3 some example 

of nanoparticles modification by different material. 

 

 

Modified 
nanoparticles 

Surface modification by Reason of modification Reference 

Magnetite 
nanoparticles 

Poly(ethylene glycol)(PEG) 
and folic acid 

To improve their intracellular 

uptake and ability to target 

specific cells. 

[42] 

Graphene oxide (GO) 
Magnetite nanoparticles 

(Fe3O4) 

the convenient separation of 

the GO from the sample, 
given from the Fe3O4 by 

using external magnatic field 

. 

[43] 

zinc oxide 
nanoparticles 

Polymethacrylic acid 

(PMAA) 

PMAA-modified zinc oxide 
presented a stable colloidal 

dispersion for a long time. 

[44] 

 

The polymers that are often used to modify nanoparticles, synthetic polymers can be either 

hydrophobic or hydrophilic, but natural polymers are more likely to be hydrophilic. Chitosan as 

shown in figure 6 [45]  is the second most abundant natural biopolymer after cellulose, and is 

derived from crustacean shells. Chitosan is a cationic polysaccharide that is made by chemical 

deacetylation of chitin [46]. The degree of deacetylation and molecular weight of chitosan 

depending on source of chitin, affect the physicomechanical characteristics (solubility, toxicity, 

and hydrophobicity) of the substance.  

Table 3: Some examples of modified by different materials 
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Chitosan insoluble in water, organic solvents, and aqueous bases, but it dissolves in acids like 

acetic, nitric, hydrochloric, perchloric, and phosphoric after stirring [47]. 

Chitosan's unique property (mucoadhesion, controlled drug release, permeation enhancement, 

biocompatibility and biodegradability, and antibacterial and antifungal activity) make it useful in 

a variety of industries, including pharmaceuticals, agriculture, food, and bioengineering [48]. 

 

1.6 Nanotechnology in cancer therapy  
 

Cancer is produced by a combination of genetic and non-genetic variations produced by 

environmental factors, which result in the improper activation or inactivation of specific genes, 

resulting in neoplastic transformations or abnormal cell proliferation. There is a scarcity of 

knowledge about critical cellular processes that occur early in the genesis of cancer, as well as 

the environmental factors and internal signals that cause these changes.  The type and location of 

the cancer, as well as the patient's financial ability to pay for therapy, all determine the cancer 

treatment that a patient receives. Surgery is the most common and successful type of first cancer 

treatment for most solid tumors, especially if the cancer is still in its early stages. Because the 

objective is curative treatment, this is frequently coupled with radiation therapy to the tumor bed 

and systemic therapy. Radiation, chemotherapy, hormone ablation therapy, and hormone ablation 

therapy are common therapies as cancers develop. In suitable cases, targeted treatment is 

becoming more widely available [49]. 

Figure 6. Structure of chitosan. 
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The use of nanoparticles for the detection and treatment of cancers in the human body is an 

important use of nanotechnology in medicine. Although this is still a new method, it will  be a 

potential cancer therapy option. 

The location of cancerous tissues may be detected using iron oxide nanoparticles with magnetic 

characteristics, which can be used to detection cancer. First, the body is injected with specific 

antibodies marked with iron oxide nanoparticles that have been created against the tumor being 

sought. Marked antibodies bind to antigens on the tumor surface if the desired tumor cannot be 

detected in the body. The magnetic signals generated by the iron oxide particles contained in the 

antibodies collected in the cancerous tissue can be used to detect tumors with a magnetic 

resonance imaging (MRI) device. It is possible to identify even the tiny tumor tissue in the body 

[50].  

Nanoparticles must be stable at a pH of 7 in water or a physiological environment for uses in 

biology, therapy, and medical diagnostics. Furthermore, the nanoparticles must be non-

immunogenic, have a large effective surface area, have low sedimentation, and have improved 

tissular diffusion to prevent vessel embolism, allow the binding and delivery of targeted drugs or 

biomolecules to a specific area via entrapment, adsorption, or covalent interaction, and to remain 

in the circulation or pass through the capillary system after an injection [35]. 

Tumor targeting is one of the possible basic advantages of nanotechnology for cancer treatment. 

Nanotechnology's aim in cancer therapy is to be able to distinguish malignant cells from 

nonmalignant cells and to selectively eliminate malignant cells. Passive and active targeting are 

two main mechanisms involved in the differentiation of malignant and nonmalignant cells. The 

enhanced permeability and retention (EPR) effect is used in passive targeting to increase the 

concentration of nanoparticles (NPs) in the tumor, to localize nanoparticles(NPs) to malignant 

cells [51], active targeting may entail selective molecular recognition of antigens (figure.7 [52]) , 

most often proteins, expressed on the surfaces of cancer cells, or alternatively, exploiting 

biochemical characteristics associated with malignancy such as matrix metalloproteinase release 

[53]. Both passive and active targeting techniques can be used separately or in combination. 

Surface modifications of NPs help both techniques by reducing absorption by the macrophage 

phagocytic system (MPS) and therefore maximizing duration in circulation [54]. 
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1.7 Nanosystem for drug delivery  
 

One of the most important applications of nanotechnology in medicine is drug delivery, 

which is the subject of several research. It is possible to identify diseased cells, such as cancer 

cells, by injecting medicines that are coated with nanoparticles. Nanoparticles transport the 

medicines they contain to diseased cells, allowing the body to eliminate them without hurting 

healthy ones [50]. 

A drug molecule's therapeutic potential is determined by its availability at the target location in 

the needed amount and for the required duration. To avoid potential side effects, it's also critical 

to limit the drug's exposure to non-target tissues. More than 70% of newly discovered small 

molecules are hydrophobic and have low water solubility, which limits their ability to be carried 

by blood and other bodily fluids [55]. Furthermore, certain medicines have a short half-life and 

residence duration due to fast clearance. It's a problem to get a medication to the correct spot, at 

the right concentration, and for the right amount of time. Some of these problems can be solved 

by incorporating the drug into an appropriate delivery system. 

Drug delivery methods improve the drug's pharmacokinetic characteristics (distribution, 

absorption, distribution, and elimination) to enhance effectiveness and safety. The use of carriers 

with a diameter of less than 100nm for medication delivery has received a lot of attention in the 

last two decades. Because the smallest blood capillaries are 10–20 µm in diameter, this particle 

size range allows for systemic delivery. In addition, carriers in this size range might be used to 

deliver various therapeutic payloads to specific organs and tissues [56]. Lipid nanoparticles, 

Figure 7. Passive and active targeting of nanoparticles. 
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micelles,  polymeric conjugates, solid-lipid nanoparticles, and inorganic nanoparticles have all 

been created as nano-delivery systems with various topologies. Pre-clinical activity in illnesses 

including AIDS, cancer, malaria, diabetes, and tuberculosis has been hopeful, and some of these 

systems have already been allowed for human use [57]. 

Some example for using magnatic nanoparticles in drug delivery system. Iron oxide nanoclusters 

have been employed in biological applications such as magnetically triggered drug release and 

high-sensitivity MRI contrast agents. Iron oxide nanoparticles (>10 nm) and drugs were 

colocalized in nanocarriers for magnetically induced drug release, or porous iron oxide 

nanoclusters were produced to maximize drug loading by surface adsorption. Local heat was 

created by iron oxide nanoparticles under alternating magnetic fields (AMFs), which raised local 

temperatures and induced drug release [58]. 

 

 

1.8 Research objectives 
 

The main objectives of this study are :  

I. Synthesis and characterization of graphene oxide nanoparticles with two size graphite 

oxide (GO-450 nm ), and graphene oxide (GO-200 nm). 

II. Synthesis  of magnetic iron(III) oxide particles (Fe3O4) with excellent properties using a 

simple and environmentally safe in-situ chemical synthesis method at room temperature 

(co-precipitation). 

III. Synthesis and characterization of  graphene oxide – chitosan – Fe3O4 as delivery system. 
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2.1 Graphene oxide  
 

The graphene oxide (GO) synthesis process is an important step to note since the yield 

GO determines and is highly reliant on the optimal characteristics shown by GO at the nanoscale 

for all possible applications. Many prepared GO sheets routes have been developed and reported 

up to date. In general, graphene production techniques include exfoliation of graphite oxide by 

Brodie in 1859 [28], Staudenmaier method [59], Hummer’s methods [60], and water electrolytic 

oxidation of graphite in 2018 [61]. 

Both Brodie and Standenmaier used potassium chlorate ( KClO3) and fuming nitric acid for 

oxidation, but in  Staudenmaier method used sulfuric acid to increase the acidity of the mixture, 

finally product in both these  method  was at risk of exploding. Potassium permanganate and 

sulfuric acid are used in the Hummer’s technique.  

Water electrolytic oxidation of graphite produces clean GO sheets in a scalable, safe, ultrafast, 

and environmentally friendly way. It has been shown that pre-intercalation of graphite at high 

voltage effectively inhibits the anodic electrocatalytic oxygen evolution process of water, 

allowing for rapid oxidation of graphene lattice in a few seconds, which is over 100 times 

quicker than current techniques. The GO produced has a chemical composition, structure, and 

characteristics that are similar to those generated by the traditional Hummers technique [61]. 

 

2.2 Magnetite ( Fe3O4) 
 

The choice of a suitable magnetite preparation technique has a significant impact on and 

defines the interesting characteristics of synthesized iron oxides in their prospective applications. 

Up to now, a significant deal of work has gone into developing ways for making magnetic 

nanoparticles that are extremely stable, nanosized and structure regulated, have a limited size 

distribution, excellent crystallinity, and have a strong magnetic nature. Some common synthetic 

processes include co-precipitation, hydrothermal, solvothermal, sol-gel, microemulsion, 

sonochemical, microwave-assisted, and electrochemical techniques [62]. 

 

The most practical and easy approach for producing black magnetic iron oxide from a 

combination of aqueous salt solutions is co-precipitation. This technique of precipitation includes 

combining ferrous (Fe2+) and ferric (Fe3+) ions in a 1:2 molar ratio with alkaline solution at room 
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temperature or high temperature. The whole chemical process is described here, with BOH 

denoting various bases, such as Na+, K+, or (C2H5)4N
+   [63]. 

2𝐹𝑒𝐶𝑙3  + 𝐹𝑒𝐶𝑙2  + 8𝐵𝑂𝐻 →  𝐹𝑒3𝑂4(𝑠)
 + 4𝐻2𝑂 + 8𝐵𝐶𝑙 

Furthermore, critical factors such as the media's ionic strength, Fe3+/Fe2+ ratio, pH value, reaction 

temperature, mixing rate, and the kinds of salt employed all have a significant impact on the 

production of nanosized iron oxide particles. However, the generated iron oxide particles from 

this pathway have a wide particle size distribution, are unstable, and easily oxidize to maghemite 

in the air or agglomerate, so adding surfactants or stabilizers and bubbling nitrogen gas are 

recommended to generate good crystallinity and stabilized magnetite nanoparticles [64]. 

The water in oil (W/O) microemulsion is a thermodynamically stable single phase system 

dispersion made up of two immiscible phases in the presence of a surfactant, which is widely 

employed in the production of uniformly sized superparamagnetic nanoparticles. The addition of 

a surfactant to a mixed system lowers the interfacial tension between water and oil, allowing a 

clear solution to develop. Despite the inclusion of surfactants, a stabilization treatment procedure 

employing stabilizers during manufacturing is required to prevent the nanoparticles from 

aggregating. However, one disadvantage of this synthesis route is that it requires a huge amount 

of solvent but produces a little amount of yield [65]. 

The hydrothermal, or solvothermal, method of producing extremely crystalline, ultrafine, and 

pure magnetite particles is both efficient and environmentally safe. This reaction system must be 

carried out in an aqueous medium in reactors or autoclaves with pressures and temperatures more 

than 200 psi and 200 °C. The hydrothermal technique, on the other hand, has slow reaction 

kinetics at any temperature. As a result, a microwave-hydrothermal technique is combined to 

improve crystallization kinetics for the manufacture of higher crystallinity and purity magnetic 

nanoparticles [66]. 

The sonochemical technique, which is based on the sonic cavitation phenomena, is commonly 

used to manufacture extremely monodispersive nanosized materials with appealing 

characteristics in a short response time. The ultrasonication of a mixture comprising Fe(II) or 

Fe(III) complexes or iron salts in an inert environment results in a narrow particle size 

distribution of the end product in the sonochemical synthesis of magnetite [67]. 
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2.3 Graphene oxide / chitosan / magnetite nanocomposites  
 

Magnetic graphene films have been described in recent studies for a variety of uses. 

Materials combining graphene oxide and magnetite nanoparticles (Fe3O4) have shown intriguing 

improved characteristics. Surface modification of Fe3O4 is required to improve the chemical 

stability of it. In addition to its nontoxicity, biocompatibility, biodegradability, bioactivity, and 

solubility in aqueous media [68], chitosan  is a natural polymer biomaterial. Furthermore, due of 

the amino and hydroxyl groups in its structure, chitosan is a good candidate for chemical 

modification. There have also been several studies on chitosan-coated magnetite nanocomposites 

[69]. Graphene oxide or graphene modified with chitosan has also been effectively produced 

recently [70]. 

Nengsheng Ye and his team successful in synthesis a magnetite/graphene oxide/chitosan 

(Fe3O4/GO/Cs) composite, a simple and innovative approach was devised in 2014. In this study, 

a simple and novel method of mixing Fe3O4, graphene oxide, and chitosan was discovered. 

Fe3O4 nanoparticles was produced via chemical co-precipitation of FeCl3.6H2O and FeCl2.4H2O, 

followed by the addition of Fe3O4 to the exfoliated GO solution. To make the Fe3O4/GO/Cs 

nanocomposite, chitosan was added to the Fe3O4/GO dispersion solution. The magnetic 

composite Fe3O4/GO/Cs was used as an absorbent for protein enrichment, and protein 

cytochrome c was chosen as a model target, due to the large specific surface area and π–π 

electrostatic stacking property of graphene oxide, hydrophilicity and biocompatibility of 

chitosan, good biocompatibility and strong superparamagnetic properties of Fe3O4 [71]. In 

another study, with the same nanocomposite (Fe3O4/graphene oxide/chitosan), Luyen T. Tran 

and research team were able to manufacture  (Fe3O4/graphene oxide/chitosan) nanocomposite by 

using the co-precipitation method to remove nickel ion Ni(II) from aqueous solution via the 

adsorption procedure [72]. 

In 2017, Hoang V Tran  and his team successfully the  removal of methylene blue (MB) by using 

chitosan/Fe3O4/graphene oxide (Cs/Fe3O4/GO) nanocomposite. To achieve this, graphene oxide 

(GO) was first produced using Hummer's technique from pencil graphite, and then Cs/Fe3O4/GO 

was synthesized using a chemical co-precipitation approach from a mixed solution of GO, Fe3+, 

Fe2+, and chitosan [73]. 
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In 2018, Bei Zhang and his team successful in synthesis a chitosan/magnetite-graphene oxide 

composites were made using a simple chemical method, in this research used this  composites to 

removal hexavalent chromium Cr(VI) and trivalent chromium Cr(III) from aqueous solution 

[74]. 

In 2021, Shabnam Kazemi  from Islamic Azad University, Iran and his team successful in 

synthesis a chitosan-magnetite-reduced graphene oxide (Cs/Fe3O4/rGO) nanocomposites. In this 

study, chitosan-magnetite-reduced graphene oxide (Cs/Fe3O4/rGO) nanocomposites  were used 

to deliver curcumin (Cur) as an anticancer medication to MCF-7 breast cancer cells using a 

simple water-in-oil (W/O) emulsification process. During future research, the findings of this 

work are predicted to be useful in the development of targeted drug delivery as well as the 

development of Cs/Fe3O4/rGO-based drug carriers against different cancer cells [75]. 
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3.1 Materials and Methods 
 

In this chapter, the experimental details for this study are presented, including the 

chemicals and materials, and instrumentations used. The preparation method for GO 

nanoparticles with different two sizes ( GO-450 nm, GO-200 nm) [76], preparation of magnetic 

nanoparticles (Fe3O4), synthesis of GO/Fe3O4, synthesis of GO/chitosan, and composition of 

GO/chitosan /Fe3O4 (with different two sizes of GO). 

3.1.1 Chemicals 
 

Graphite powder, <20μm, potassium permanganate (99%), were purchased from 

Sigma Aldrich. Sulfuric acid (95%), hydrochloric acid (32%), sodium chloride (99.9%), 

hydrogen peroxide (30%), sodium hydroxide (99%), Iron(III) chloride hexahydrate, Iron (II) 

sulfate heptahydrate, DMF (N,N-Dimethylformamide) (99.8%), chloroform, and  chitosan 

(Technical grade). Were used without further purification. 

3.1.2 Instrumentation 
 

Graphene oxide was characterized using Perkin-Elmer, Spectrum Two, FT-IR 

spectrometer that has a range of (4000–400 cm-1). Ultrasonic processors Sonics, Materials 

VC-750-220, Fisher Scientific. The DSC images were obtained using differential scanning 

calorimetry, the thermal history of materials was performed in a PerkinElmer Jade DSC at a 

heating rate of 10˚C/min from 35˚C up to 520˚C in a nitrogen atmosphere. Aqualabo 

Company UV-Visible line 9100 spectrophotometer that has a photometric range of 320- 

1100 nm. Other instruments are centrifuge, water bath sonicator and suction filtration 

assembly. 

 

3.2 Methods 

 
 

3.2.1 Preparation of graphite oxide  
 

As shown in figure 8, graphite oxide was prepared by using the Hummers method, 

1.0 g of graphite was grounded with 50.0 g of NaCl to reduce their dimensions, and then the 

mixture was dissolved in warm water, and stirred, filtrated, and dried in an oven 6 h. After 

that, the dry filtered graphite was mixed in 23 ml H2SO4 with stirring, overnight. Therefore, 
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the mixture was put in an ice bath (below 10˚C). 3.0 g of KMnO4 was added slowly over 3 

hours with stirring.  

 Afterword, the mixture was stirred for 30 min at 35±2˚C, 45 min at 50±2˚C, respectively. 

Then, 46 ml distilled water was added to the mixture and kept stirring at (98-105˚C) for 45 

min. The mixture was cooled down to room temperature and stirred with the addition of 140 

ml D.W and 10 ml of 30% hydrogen peroxide H2O2 to terminate the reaction. Mixture was 

filtered and washed five times with 5% HCl and D.W to remove any reaction by-product. 

After that, the graphite oxide was centrifuged (30 min, 5000 rpm) twice. Finally, a graphite 

oxide (final product) was placed in an oven to dry at 60˚C for 6h [77].  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

3.2.2 Preparation of  graphene  oxide  nanoparticles  
 

The  graphite  oxide ( 1.0 g / 200 ml D.W ) was added  in  tip sonicater   for  30 min. 

Then, the mixture was centrifuged ( 1  hour , 6000 rpm )  [77]. 

 

 

 

 

 

Figure 8. Preparation steps of graphite oxide 
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3.2.3 Synthesis  of  iron  oxide  particles  (Fe3O4) (co-precipitation) 
 

 

The solutions of iron (III) chloride hexahydrate and iron (II) sulfate heptahydrate were 

prepared by dissolving 0.270 g and 0.279 g respectively in 100 ml distilled water severally. Then 

the two solutions were mixed in a 250 ml round-bottom flask (twin – neck). After that 0.320 g of 

NaOH was added to the solution with stirred and heated to the temperature between 60-80˚C for 

6h. Afterward, the mixture was filtered by 0.45 µm of filter paper, then washed five times with 

0.3% HCl and distilled water. Lastly, the final product was dried in the oven at 60 ˚C [78]. 

 

 

  

 

 

 

 

 

 

 

 

3.2.4 Preparation  of  graphite oxide-Fe3O4  nanoparticles  
 

25.0 mg of graphite oxide was added to 5.0 ml of DMF to exfoliate by water bath 

sonicator for 2 h at room temperature, and then the solution of 10 mg of Fe3O4 in 5.0 ml of 

chloroform was added drop-wise into the graphite oxide solution. Afterward, the mixture was 

sonicated for 3 h at room temperature and the mixture of graphite oxide - Fe3O4 was separated by 

centrifugation at 6000 rpm for 10 min twice. Finally, the final product was filtered and washed 

with hexane then distilled water several times [79]. 

 

 

Figure 9. Magnetic nanopartical during preparation 



26 
 

3.2.5 Preparation  of  graphene oxide-Fe3O4  nanoparticles  
 

Graphene oxide –Fe3O4 was prepared by liquid self-assembly method. Where 25.0 mg of 

GO was added to 5.0 ml of DMF to exfoliation by water bath sonicator for 2 h at room 

temperature, and then the solution of 10 mg of Fe3O4 in 5.0 ml of chloroform was added drop-

wise into the GO dispersed . Afterward, the mixture was sonicated in water bath sonicator for 3 h 

at room temperature and the mixture of GO-Fe3O4 was separated by centrifugation at 6000 rpm 

for 10 min twice. Finally, the final product was filtered and washed with hexane then distilled 

water several times [79]. 

 

3.2.6 Preparation  of  graphite  oxide with chitosan  
 

10 mg of graphite oxide was mixed with 20 mg of chitosan an E-flask followed by adding 

20 ml distilled water. The mixture was heated in a water bath  (35-45)˚C under magnetic stirring 

for  2 hours. The mixture was filtrated and dried in the oven at 40˚C.  

 

3.2.7 Preparation  of  graphene oxide with chitosan  
 

10 mg of GO was mixed with 20 mg of chitosan an E-flask, and followed by adding 20 

ml distilled water. The mixture was heated in a water bath  (35-45)˚C under magnetic stirring for  

2 hours. The mixture was filtrated and dried in the oven at 40˚C. 

 

3.2.8   Preparation  of  graphite oxide-chitosan-Fe3O4  nanoparticles  
 

10 mg of graphite oxide was mixed with 20 mg of chitosan an E-flask. Afterward, 9 ml of 

distilled water was added to the mixture. The mixture was heated in a water bath at (35-45)˚C 

under magnetic stirring for  2 hours. Thereafter, 1ml of iron oxide solution was added to the 

mixture. Then, the mixture was heated in a water bath (35-45) ˚c under magnetic stirring for 2 

hours. Lastly, the mixture was filtrated and dried in the oven at 40˚C. 
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3.2.9   Preparation  of  graphene oxide-chitosan-Fe3O4  nanoparticles  
 

10 mg of graphene oxide was mixed with 20 mg of chitosan an E-flask. Afterward, 9 ml 

of distilled water was added to the mixture. The mixture was heated in a water bath at (35-45) ˚C 

under magnetic stirring for  2 hours. After that, 1ml of iron oxide solution was added to the 

mixture. The mixture was heated in a water bath (35-45) ˚C under magnetic stirring for 2 hours. 

Lastly, the mixture was filtrated and dried in the oven at 40˚C. 
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4.1 Characterization 
 

Material characterization is an essential analytic method that uses a probe into the 

internal structure of materials to provide information on structure, mechanical, and magnetic 

characteristics.  

4.1.1 Fourier-transform infrared spectroscopy (FT-IR)   
 

The structure of GO-450 nm, GO-200 nm, Fe3O4, chitosan, GO/Fe3O4 (two sizes), GO/Cs 

(two sizes) and  GO/Cs/Fe3O4 (two sizes) nanocomposites was analyzed by FT-IR spectroscopy. 

 

I.FT-IR of Graphite, Graphite oxide-450nm, Graphene oxide-200nm  
 

The spectra of graphite and graphite oxide as shown in figure 10(a,b) ensure the 

successful oxidation of graphite to graphite oxide. It can be noted the strong peak in graphite 

oxide at 3390 cm-1 due to –OH stretching, and other peak in 1728 cm-1 due to C-O (carboxyl) 

stretching  and { CO-OH bending, C-OH stretching, and C-O stretching vibrations at 1357, 1223, 

1056 cm-1 }. The band at 1617 cm-1 due to C=C [80].  

As shown in figure 10(c) the spectrum of graphene oxide, the characteristic  broad  peak  

observed  at  3645  cm-1 is  attributed  to  the  -OH stretching  vibration, the  characteristic  peak  

includes C=O stretching at 1936 cm-1, C=C stretching  at  1836 cm-1, and  C-O  stretching  at 

1275 cm-1.  
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II.FT-IR of  Fe3O4  
 

The FT-IR spectrum of prepared Fe3O4 nanoparticles are  shown in figure 11. A strong 

peak at around  576 cm-1 can be attributed to the Fe—O—Fe  stretching  vibration [81]. 

The broad band at around 3342 cm-1 and the peak at 1619 cm-1 are due to the adsorbed OH 

groups (comes from water). 

 

 

 

 

 

 

Figure 10. FT-IR spectra of (a) graphite, (b) graphite oxide and (c) graphene oxide . 
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III.FT-IR  of  (GO-450 nm / Fe3O4) and (GO-200 nm / Fe3O4) 
 

Figure 12 (a) exhibts the IR spectrum GO-450 nm / Fe3O4 spectrum shows a 

characteristic peak at 588 cm-1 that was attributed to Fe-O, confirming the existence of Fe3O4, 

and shows a new strong peak at 1382 cm-1 due to formation of  C-F bond [82].  

In FT-IR spectrum of GO-200 nm as shown in figure (10,c), While GO-200 nm / Fe3O4  shows  a 

new  peak  at  1398 cm-1 due to  formation  C-F bond. 

When  compared  between  two spectra (figure 10,c and figure 12,b )  show  a shift  in  the OH- 

peak  from  3645 cm-1  to  3451 cm-1  also  shift  in  the  C=O (carboxylic  acid  function  group )  

from  1836 cm-1  to  1789 cm-1  due  to  the  formation  of  -COO-  after  Fe3O4  nanoparticles are 

bonded presented. Furthermore,  the  presence  of  Fe3O4  nanoparticles   in  GO-200 / Fe3O4  

composite  is  ensured  from  the  peak  observed  at  568 cm-1, owing  to the  Fe-O  stretching  

mode  [83].  

 

Figure 11. FT-IR spectrum of Fe3O4. 
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IV.FT-IR of chitosan 
 

The  chitosan  containing many  function  groups  like  hydroxyl, carboxyl, carbonyl, 

amid  and  amine. The  presence of  these  groups  make  the  chitosan  able to  form  bonds 

between  the  chitosan  chain  and  the  sheet  of  graphite oxide.  

As show in figure 13, the broad  peak  at  3404 cm-1 corresponds  to  N-H and  O-H  stretching. 

The  C-H  symmetrical  and  asymmetric  were  definite  by  the peaks  at 2882 cm-1 and  2119 

cm-1. The presence  of  N-acetyl  group  was  definite  by  the  peak  at  around  1659 cm-1 (C=O  

stretching  of  amide 1 ) and  1315  cm-1 (C-N  stretching  of  amide 3 ). The  peaks at 1588  cm-1 

and 1378 cm-1 corresponds to N-H bending of primary amine and CH3 symmetrical, respectively. 

The  peak  at  1081  cm-1  and  600  cm-1  refer  to  C-O-C  asymmetric  stretching  bridge  and  

C-H  bending  out  of  the  plane, respectively [84],[85]. 

Figure 12. FT-IR of spectra of (a) GO-450 nm/Fe3O4, (b) GO-200 nm/Fe3O4. 
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V.FT-IR  of  GO-450 nm /Cs  and GO-200 nm /Cs  
 

The FT-IR  spectrum  of  GO-450 nm / Cs is shown in  figure (14,a),  the identical bands   

that  of  the  chitosan  and  GO-450 nm  such  as  the  broad  peaks  at  3404 cm-1 are assigned  to  

the  OH  groups  in  GO-450 nm  and  the  amine  stretch  in  chitosan. 

The  intensity  of  the  peak  at  1085 cm-1  (C-O stretching  vibration )  increased  compared  to 

GO-450 nm, due  to  the  van der waals forces. In  the  other  side,  the  peak  at  1628  cm-1  is  

assigned  to  the  COOH  group  from  GO-450 nm ( figure 10,b )   and  is  downshifted   because 

of  hydrogen  bonding  between   GO-450 nm and  hexatomic  ring  of  chitosan. 

The  peak  at  1390 cm-1  is  assigned  to  the  C=C  group  from  GO-450 nm,GO-450 nm  

spectrum  the  peak  of  C=C  group  appeared  at  1615 cm-1 and  is  downshifted  compared  to  

original  GO-450 nm. Finally, the  peak  at  1085  cm-1  is  assigned  to  C-O-C  stretching  in  the  

Figure 13. FT-IR spectra of chitosan. 
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GO-450 nm. The FT-IR results improved the presence of physical forces between GO-450 nm 

and chitosan [86]. 

In figure (14,b) the spectrum of GO-200 nm / chitosan shows a group of characteristics  identical  

to  that  of  the  chitosan   and  GO-200 nm such  as  the  peak at 2960 cm-1 which  can  be  fixed  

to  the  C-H  asymmetric  vibration. The new  peak  appeared  at  1530 cm-1  due  to  the  C=C  

stretching. When  GO-200 nm  was  mixed  with  chitosan  the  absorption  peak  at  3349 cm-1  

was  broadened  and  downshifted  from  3650 cm-1 in  GO-200 nm spectrum. The  intensity  of  

the  peak  at  1242 cm-1  (C-O  stretching  vibration ) was increased, finally  the  peak  at  1783 

cm-1  is  assigned  to  the  C=O  group  from  graphene   oxide ( in  spectrum  of  GO-200 nm the  

peak  of  C=C  group  appeared  at  1838 cm-1) and  is  downshifted  compared  to  GO-200 nm  

spectrum [87]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. FT-IR spectra of (a)GO-450 nm /Cs and (b) GO-200 nm / Cs . 
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VI.FT-IR  of  GO-450 nm / Cs / Fe3O4 and GO-200nm / Cs / Fe3O4 
 

In figure (15,a)  the spectrum of GO-450 nm/Cs/Fe3O4  showed the characteristic peak of 

O-H at 3310 cm-1.  When compared the spectrum of GO-450 nm/Cs ( figure14,a) and GO-450 

nm/Cs/Fe3O4  the  same  peaks. However  GO-450 nm/Cs/Fe3O4  showed a  new  peak  at  570 

cm-1  that was attributed  to Fe-O, this peak confirms the attachment of  iron oxide particles with 

GO-450 nm/Cs [88]. 

In figure (15,b) the  spectrum  of  GO-200 nm/Cs/Fe3O4  showed  the  characteristic  peaks  of    

O-H  at  3290  cm-1.  When  compared  between  the  spectrum  of  GO-200 nm /Cs (figure 14,b) 

and  GO-200 nm/Cs/Fe3O4  have  the  same  peak. However GO-200 nm/Cs/Fe3O4  showed  peak  

with  more  sharp  and  a  peak  at  650 cm-1  that  was  attributed  to  Fe-O, this  peak  confirms  

the  attachment  of  iron oxide particles with  GO-200 nm/Cs [88] . 

 

 
Figure 15. spectra of (a) GO-450 nm/Cs/Fe3O4 and (b) GO-200 nm/Cs/Fe3O4. 
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4.1.2 UV-visible spectrophotometer study  
 

I. UV-visible  spectroscopy of  iron oxide particles   
 

The  UV-Vis  absorption  spectrum  of  prepared  Fe3O4  particles  show  the  maximum  

absorption  around  219 nm in figure 17, due to  both  absorption  and  scattering  of  UV-Visible  

radiation  by  the  magnetic  particles [89]. 

 

 

 

 

 

 

 

Figure 17. UV-Vis spectrum of Fe3O4 . 
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II.  UV-visible  of  GO-450 nm  and GO-200 nm 
 

The  UV-Vis  spectrum  of  GO-450 nm shows  a single  absorption  peak  at  275 nm  as  

displayed  in  figure 18, which  attributed  to 𝜋 → 𝜋∗ transition  of  the  aromatic  C=C bonds, 

and GO-200 nm  presented  strong  absorption  peak  at  238 nm  corresponding to 𝜋 → 𝜋∗ 

transitions of  aromatic  𝐶 − 𝐶 bond [90] .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. UV-visible  of  GO-450 nm / Fe3O4 and GO-200 nm / Fe3O4 
 

The presence of  Fe3O4 in GO-450 nm composite is ensured from the UV-Vis spectrum 

as shown in figure 19, GO-450 nm / Fe3O4  spectrum the absorption  peak blueshifted  to 255 nm 

(compared to GO-450 nm spectrum in figure 18 ), because the Fe3O4  distributed on GO-450 nm 

surface. While  for  GO-200 nm / Fe3O4  the  absorption  peak  redshifted  to  278 nm ( compared 

to GO-200 nm spectrum in figure 18 ), because the attachment of Fe3O4 on GO-200 nm surface 

[91]. 

Figure 18. UV-Vis spectra of GO-450 nm and GO-200 nm. 
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Figure 20. The separation and redispersion of a solution of GO-200 nm / Fe3O4 in the 

absence (left) and presence of an external magnetic field (right) . 

Figure 19. UV-Vis spectra of GO-450 nm / Fe3O4 and GO-200 nm / Fe3O4. 
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IV. UV-visible  of  chitosan  
 

The optical  properties of  chitosan  was  analysis  by  UV-Vis  spectroscopy. The  

chitosan  spectrum  showed  a  peak  at  209 nm as shown in figure 21 that  can  be  due to 

chitosan  composed  of  two types of  monomer D-glucosamine  and  N-acetyl-D-glucosamine  

so  the  𝑛 → 𝜋∗   electron  transition. These transitions are attributed  to  the  C=O  of  the  N-

acetyl  group  in  chitosan [86].  

 

 

 

 

 

 

 

Figure 21. UV-Vis spectrum of chitosan. 
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V. UV-visible  of  GO-450 nm / Cs and GO-200 nm / Cs 
 

The  UV-Vis  spectrum of GO-450 nm / Cs in figure 22 show  the absorption  peak  

blueshifted  to 208 nm (compared to GO-450 nm spectrum in figure 18 ), because  of  the  

interaction  between  chitosan  and  GO-450 nm  [92], but  in  spectrum  of  GO-200 nm / 

chitosan,  the  peak  at 238 nm  of  GO-200 nm was  redshifted  to  248 nm due  to  the  

interaction  between  GO-200 nm  and  chitosan [92]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI. UV-visible  of  GO-450 nm/Cs/Fe3O4  and GO-200 nm/Cs/Fe3O4 
 

The  UV-Vis  spectrum  of  GO-450 nm /Cs in figure 22  shown  a single  absorption  

peak  at  208 nm. While  for  GO-450 nm /Cs/Fe3O4  the absorption  peak  redshifted  to 238 nm 

as  shown  in figure 23, because  of  the  interaction  between  Fe3O4  and  GO-450 nm /Cs  also  

the maximum  wavelength  for iron oxide was 219 nm so the shifted in GO-450 nm /Cs spectrum  

was redshifted.  

Figure 22. UV-Vis spectra of GO- 450 nm / Cs and GO-200 nm / Cs . 
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In other hand, spectrum  of  GO-200 nm/Cs  shown a peak at 248 nm  in figure 22, but  in  

spectrum  of  GO-200 nm/Cs/Fe3O4, the  peak  of  GO-200 nm/Cs  was  blueshifted  to  240 nm  

indicating  to  the  interaction  between  Fe3O4  and  GO-200 nm/Cs. 

 

 

4.1.3 Synthesis  of  Fe3O4 
 

Fe3O4 were prepared by co-precipitation method from the reaction of FeCl3.6H2O and 

FeSO4.7H2O in sodium hydroxide solution. The proposed mechanism of Fe3O4 preparation  is as 

followed. 

 

 

 

Figure 23. UV-Vis spectra of GO-450 nm/Cs/Fe3O4 and GO-200 nm/Cs/Fe3O4. 
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𝐹𝑒+3 + 3𝑂𝐻− ↔ 𝐹𝑒(𝑂𝐻)3(𝑆)
                                                           (1) 

 𝐹𝑒(𝑂𝐻)3(𝑆)
↔ 𝐹𝑒𝑂(𝑂𝐻)(𝑠) + 𝐻2𝑂                                                  (2)  

𝐹𝑒+2 + 2𝑂𝐻− ↔ 𝐹𝑒(𝑂𝐻)2(𝑆) 
                                                            (3) 

2𝐹𝑒𝑂(𝑂𝐻)(𝑠) + 𝐹𝑒(𝑂𝐻)2(𝑆)
↔ 𝐹𝑒3𝑂4  (𝑠) + 2𝐻2𝑂                          (4) 

The  net reaction : 2𝐹𝑒+3 + 𝐹𝑒+2 + 8𝑂𝐻− ↔ 𝐹𝑒3𝑂4(𝑆)
+ 4𝐻2𝑂 

 

 

 

 

4.1.4 Differential scanning calorimetry (DSC)   
 

Differential  Scanning  Calorimetry (DSC)  is most  thermal  analysis  technique. It  

measures  endothermic  and  exothermic  transition  as  a  function  of  temperature. The DSC  

thermographs  of   Fe3O4,  GO-200 nm   and  GO-200 nm / Fe3O4 are shown in figure 25, 26 and 

27 respectively. 

The  DSC  of  pure  Fe3O4  was  showed  a  endothermic  peak  at  100 0C, due  to removal  of  

the  solvent  molecule  (H2O).  The  region  between  (100-400) 0C  have no thermal  change 

Figure 24. Magnetic activity of Fe3O4 particles with (a) and without external 

magnetic field (b). 
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[93], due to high chemical stability of Fe3O4, therefore  no thermal transition will appear in the 

range of GO studied.    

 

 

 

 

 

 

 

 

 

 

 

 

The  DSC  of  pure  GO-200 nm  was  showed  a  endothermic  peak  in the region below 100  0C  

due  to loss  of  H2O  molecule  in  GO-200 nm, and  another  exothermic  peak  appears  around  

200 0C  due  to  the  thermal   decomposition  of  unstable  oxygen-containing  function  groups  

because of  pyrolysis  of  oxygenated  functional  group  such  as  hydroxyl, carbonyl  and   

carboxylic  acid  to  yield  CO,  CO2  and  H2O  [94]. 

 

 

 

 

Figure 25. DSC thermal study of Fe3O4. 
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Finally, the DSC  of  GO-200 nm / Fe3O4  are  shown  a  exothermic  peak  at  223 0C have the 

same position of  exothermic  peak  in GO-200 nm  thermograph  but  with  different  area  under  

the  peak (area = 1662  * 10-3  J )  due  to  interaction  between GO-200 nm  and  Fe3O4  and  it 

can  be  fixed to the  decomposition  of  carbon  skeleton, another  strong  endothermic  peak  

appears  at  59.89  0C   due  to the  decay  interaction  between  GO-200 nm  and  Fe3O4 [94].  

 

 

 

 

 

Figure 26. DSC thermal study of GO-200 nm . 
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Figure 27. DSC thermal study of GO-200 nm / Fe3O4 . 
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Chapter Five: 

Conclusion and 

Recommendations 
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1.1 Conclusion 
 

The present study successfully created a simple, efficient, cost-effective, and 

environmentally friendly process for producing magnetic iron oxide particles, two sizes of GO, 

and magnetically separable GO/Cs/Fe3O4 nanoparticles. 

 

 

1.2 Recommendations 

 
The GO/Cs/Fe3O4 nanocomposite is appropriate for the creation of tailored drug delivery 

for various cancer cells. 

In future research, drug will be added to a nanocomposite of GO/ Cs/ Fe3O4, and the system will 

be tested on normal cell lines to see how effective the drug system is and how it affects cancer 

cells. 
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 الُملَّخص

 

 ذلا ضاافة للا  (. باإلناانومرر 450و  ناانومرر 200النانوية ) جرافيتكسيد الأ في هذه األطروحة قمنا بإعداد وتمييز حجمين من

ن يروزاجزيئاات ال اولضاافة  ,GOجرافيات اكسايد ال تم تحضير جزيئات أكسيد الحديد ذات األساس المغناطيساي وتحميهااا عها 

 .ال  أكسيد الجرافيت 

، وتم تحديد المنرج الناائي كأكسيد الجرافيت (Hummersتم اسرخدام عمهية األكسدة واالخرزال لصنع أكسيد الجرافيت )طريقة 

( (GO- 450 nm جااز تم اسرخدام  خاصة في ظل ظروف  وtip sonicator  و مررنانو 200الجسيمات ال    يل حجملرقه ,

   ات أكسيد الحديد المغناطيسية تسمجزيئ أنرجت )2Fe + (و )3Fe + ) ( بينprecipitation-coرفاعل كيميائي بسيط )ب

 4O3Fe. 

 200رافيت الجرافيت ) أكسيد ج جسيمات المخرهفة عه  سطح  ارتباط مجموعات األكسجين FT-IR  يك ف الرحهيل الطيفي

    588 المحضر ذروة قوية عند حوالي 4O3Fe الخاص بـ IR-FT ويظار طيف  ،نانومرر( 450نانومرر و أكسيد جرافيت 

ذروة  (4O3200 nm/Cs/Fe-GOنظام )لـ IR-FT تظار أطيافكما و . كدليل عه  تكون هذه الجزيئات المغناطيسية 1-سم 

عن  نظامينهك ف الرحهيل الطيفي المرئي لألشعة فوق البنفسجية ل و .(4O3450 nm/Cs/Fe-GOأكثر حده من أطياف نظام )

 .زيادة عرض النطاق الررددي مع تقهيل حجم الجسيمات النانوية
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