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ÖZET  

LEVAN-KAPLAMALI MANYETİK NANOKOMPOZİTLER  

 

Hipertermi, kanserli hücrelere hedeflenen metal nanopartiküllerin  manyetik özelliği 

kullanılarak sıcaklığın yükseltilip kanserli hücrelerin vücuttan temizlenmesini sağlayan 

alternatif tedavi yöntemidir. Demir oksit nanopartikülleri bioyuyumlu olması ve fonksiyonel 

grupların takılabilirliğinden dolayı bu uygulama için uygun adaylardır. Bu tez çalışmasında 

CoFe2O4 nanopartikülü ortak çöktürme metodu ile sentezlenmiştir. Sentez aşamasında 

sıcaklık ve pH parametreleri değiştirilerek bu çalışmada en uygun koşullarda CoFe2O4 sentezi 

yapılmıştır. FTIR, SEM, EDS AFM, TG-DTA, VSM, manyetik ısıtma testleri 85oC reaksiyon 

sıcaklığı ile pH12’ de optimum özelliklerde  CoFe2O4  nanopartikülleri elde edildiğini 

göstermiştir. CoFe2O4 nanopartiküllerine  N-(Phosphonomethyl)iminodiacetic acid hydrate 

(PMIDA)  bileşiği kullanılarak –COOH fonksiyonel grupları takılmıştır. Modifiye CoFe2O4 

nanpartiküllerine Folik asit takılarak kanserli hücrelere hedefleme tasarlanmıştır. Folik asit 

üzerindeki  hidroksil  grubu ile modifiye CoFe2O4 üzerindeki karboksil grubu etkileşerek ester 

bağı oluşturmuştur. Bu bağ FTIR analizinde tespit edilmiştir. Bu aşamada nanopartiküllerin 

floresans spektroskopisindeki özelliği araştırılmış ve 265-300nm aralığında floresans özelliği 

gözlenmiştir. Nanopartikül büyüklükleri SEM ve AFM sonuçlarından anlaşıldığı üzere 

ortalama 20nm civarındadır. Çıplak nano parçacıklar  kimyasal olarak aktiftirler, hava ile 

kolayca okside olurlar ve biraraya gelerek enerjilerini azaltmak eğilimindedirler. Bu 

nanopartiküller sentez sonrasında stabilize edilerek bu problem kolayca aşılabilir. Bu  

çalışmada,  levan  fosfonat  ile nanopartiküller  enkapsüle edilerek bu sorun aşılmaya 

çalışılmıştır. Levan fosfonat, mikroorganizmalardan elde edilen Levan biyopolimerinin PCl3   

ile etkileştirilmesi sonucu elde edilmiştir. FTIR, SEM-EDS, AFM analizleri yapılarak elde 

edilen yapışkan özellliği fazla olan malzemenin fosfonatlanmış levan olduğu anlaşılmıştır. 

Levan fosfonat ile enkapsüle olmuş nanopartiküller TEM, AFM and SEM ile tespit edilerek  

son aşamada biyolojik testleri yapılmıştır.  
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ABSTRACT   

 

 LEVAN-ENCAPSULATED MAGNETIC NANOCOMPOSITES 

        

Hyperhermia application is one of the alternative treatment methods that uses the magnetic 

properties of metal nanoparticles targeted to cancerous cells to increase the temperature and to 

remove  the cancerous cells. Iron oxide nanoparticles are suitable candidates for this 

application because of their biocompatibility and the ability to attach functional groups. In 

this work, CoFe2O4 nanoparticle was synthesized by the co-precipitation method. CoFe2O4 

synthesis was carried out by changing the parameters of temperature and pH in the synthesis 

phase. FTIR, SEM, EDS AFM, TG-DTA, VSM, magnetic heating tests have shown that 

CoFe2O4 nanoparticles are obtained at optimum parameters at pH 12 with a reaction 

temperature of 85°C. CoFe2O4 nanoparticles were attached with -COOH functional groups 

using the PMIDA compound. Modified CoFe2O4 nanoparticles were designed by attaching 

folic acid to target cancerous cells. Hydroxyl  groups on the folic acid interacted with the 

carboxyl group on the modified CoFe2O4 to form ester bond. This bond was detected in the 

FTIR analysis. At this stage, the properties of the nanoparticles on the fluorescence 

spectroscopy were investigated and fluorescence properties were observed in the range of 

265-300 nm. Nanoparticle sizes were about 20 nm as understood from the SEM and AFM 

results. Nanoparticles are chemically active, readily oxidized by air, and tend to aggregate to 

reduce their energy. These nanoparticles can be stabilized after synthesis to overcome this 

problem easily. In this study, this problem was tried  to  overcome by encapsulating 

nanoparticles using levan phosphonate. Levan phosphonate was obtained with the interaction 

of PCl3 and levan biopolymer. FTIR, SEM-EDS, AFM analysis were performed and it was 

understood that the material with excess adhesive property is phosphonated levan. TEM, 

AFM and SEM Mapping results showed that nanoparticles encapsulated with levan 

phosphonate were identified. At the final stage, encapsulated nanoparticles were biologically 

tested. 

 

 

June   2017                   İlker ÇALGERİŞ 
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CLAIM FOR ORIGINALITY 

LEVAN-ENCAPSULATED MAGNETIC NANOCOMPOSITES 

Microbial levan has many remarkable properties such as great biocompatibility,  

strong adhesivity, and film-forming ability, which offers a variety of industrial applications in 

the fields of cosmetics, health, foods and pharmaceuticals. However, some of the 

disadvantages of biodegradable polymers obtained from renewable sources is their dominant 

hydrophilic character, fast degradation rate and unsatisfactory mechanical properties, 

especially under wet environments. Considering this fact, levan was modified with phosphate 

groups for overcoming these drawbacks in this study. Levan phosphonate can be a useful 

material as well as having too many application areas as a pure material for biomedical 

industry. CoFe2O4 nanoparticles are considered to have biomedical application such as 

hyperthermia therapy due to their unique physical and chemical properties.  The nanoparticles 

should be small enough to escape from the macrophages in the RES and large enough not to 

leak into the capillaries. These properties will allow longer circulation in the bloodstream. 

Nanoparticles are chemically active, readily oxidized by air, and tend to aggregate to reduce 

their energy. These nanoparticles can be stabilized after synthesis to overcome these problems 

easily. In this study, this problem was surmounted by encapsulating nanoparticles using levan 

phosphate. Sulfate, hydroxyl and carboxyl groups present on the surface show relatively more 

RES absorption. The levan was modified with phosphate to try to reduce the hydroxyl groups 

present. Hydrophilic polymers escape more easily from macrophages in the RES and act as a 

kind of shield protecting blood proteins from binding to nanoparticles. Considering the 

hydrophilic character and biocompatibility of the levan phosphonate, it may be a good 

biopolymer for encapsulation. In this study,  -COOH functional groups were attached to 

CoFe2O4. Then, Folic Acid was tagged to modified CoFe2O4 as a ligand and then 

encapsulated with levan phosphonate. For hyperthermia application, a novel levan 

encapsulated magnetic nanoparticles design were performed within this study. This is a new 

method for targeting strategy  and levan phosphonate was firstly used in the literature for 

hyperthermia application.   

 

June   2017           Prof. Ebru TOKSOY ÖNER                      İLKER ÇALGERİŞ 
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AIM OF THE THESIS 

Cancer is a genetic disease that is caused by an uncontrolled division of abnormal cells. 

Today, cancer disease threatens humanity more than it did in the past. There are many types 

of cancer treatments. But side effects on healthy cells may lead to negativities in  patients' 

quality of life. Alternative treatment methods are being developed every passing day. 

Hyperhermia application  is one of these alternative treatment methods  that uses the magnetic 

properties of metal nanoparticles targeted to cancerous cells for removing  the cancerous cells. 

In this treatment, abnormal cells are exposed to 41-46°C and  they do  not  sustain 

uncontrolled division due to the deterioration of their metabolism.  

In  this study, a novel nanomaterial is aimed to be synthesized for hyperthermia 

application.  CoFe2O4 nanoparticles are considered to have biomedical applications such as 

hyperthermia  due to their unique physical and chemical properties.  The first part is 

concentrated on the optimization and characterization of  CoFe2O4 nanoparticles. Co-

precipitation  method was used  that  is widely used for biomedical applications due to the 

ease of implementation and need for less hazardous materials and simple procedures. AFM, 

SEM, XRD, FT-IR and TG-DTA analyses were conducted to confirm  the CoFe2O4   

nanoparticles and to get optimum results for further applications.  CoFe2O4   nanoparticles 

were analyzed for magnetic and electrical  properties with LCR meter  and vibrating sample 

magnetometer. And then, PMIDA was attached to CoFe2O4 nanoparticles. As a ligand, Folic 

Acid was tagged to modified nanoparticles. Small sized nanoparticles are chemically active, 

are readily oxidized by air, and tend to aggregate to reduce their energy. These nanoparticles 

can be stabilized by encapsulating them using  polymers such as  levan phosphonate. Sulfate, 

hydroxyl and carboxyl groups present on the surface show relatively more RES absorption. 

The levan was modified with phosphate to reduce the hydroxyl groups present. Hydrophilic 
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polymers   escape more easily from macrophages in the RES and act as a kind of shield 

protecting blood proteins from binding to nanoparticles. Considering the hydrophilic character 

and biocompatibility of the levan phosphonate, it may be a good biopolymer for 

encapsulation. 

Microbial levan is a homopolymer of fructose with many remarkable properties like 

hydrophilic character, strong adhesivity, well biocompatibility and film forming capability. 

Levan has industrial importance, which proposes a variety of industrial applications in the 

fields of pharmaceuticals, health, cosmetics and  foods.  Modified  levan   can be  a useful 

material for biomedical industry, as well as being  too many application areas as a pure 

material. Levan  phosphonate was obtained  with the reaction of PCl3 and levan biopolymer  

at Marmara University Chemical Engineering Laboratories. F-TIR, SEM- EDS, AFM and 

Contact Angle analyses were performed to check structure, physicochemical and topographic 

properties and it was understood that the material with excess adhesive property is 

phosphonated levan.  

   Within the scope of this study, novel application areas were investigated for 

chemically modified forms of  levan polysaccharide and CoFe2O4. They were characterized                     

both chemically and biologically. Then, using this knowledge, potential biomedical 

applications can be proposed for these biomaterials. 

The results of the proposed work can serve as a framework for biomedical application 

of  modified levan and modified nanoparticle based nanocomposites. 
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SYMBOLS 

G : gram 

mg : Mili grams 

μg : Micro grams 

L : liter 

mL : mili liters 

μL : micro liters 

M : molar 

H : hour 

min : minute 

nm : nanometer 

Mw : weight average molecular weight 

rpm : Round per minute 

J : Joule 

W : Watts 

V : Volts 
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ABBREVIATIONS 

NPs 

CFO 

: Nanoparticles 

: CoFe2O4 

AFM : Atomic Force Microscopy 

STM :  Scanning Tunneling Microscope 

DDS : Drug Delivery Systems 

DI   : Deionize 

EDS : Energy Dispersive Spectroscopy  
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FT-IR : Fourier Transform Infrared Spectroscopy 

XRD : X-ray Powder Diffraction 

QDs : Quantum dots 

In vitro 

: Cells or biological molecules studied their       
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In vivo 

: Cells or biological molecules studied  in a normal      

  biological environment 

PBS : Phosphate Buffer Saline 

SEM : Scanning Electron Microscopy 

TG-DTA 

: Thermogravimetric (TG) and Differential                                        

Thermal Analysis (DTA) 

UV : Ultraviolet 
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TC                                        :  Curie Temperature 

H                                   :  Magnetic Field 

B                          :  Magnetic  Induction   

Ms                                    :  Saturation Magnetization 

Mr                                        :  Remanent Magnetization 

Hc                             :  Coercive Field  

LCR meter : a type of electronic test equipment used to measure the 
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dH2O : Deionized water  

έ  : Dielectric constant 

ɛ″  : Dielektric loss 
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1. Introduction to Nanotechnology 

1.1. What`s Nano? 

 

Nowadays, nano is a popular word of science and technology. It has taken the 

attention of researchers  from physics  to chemistry, biology and engineering. What is nano? 

The prefix ‘nano’ , derived from the Greek nanos  signifying dwarf, is becoming increasingly 

common in scientific literature. The definition of word nano is a physical length scales that 

are on the order of a billionth of a meter long. Popularly, ‘nano’ is used as an adjective to 

describe objects, systems, or phenomena with characteristics arising from nanometer-scale 

structure. How small “nano” is difficult to imagine, so there are some examples: A human 

hair is between 80.000 and 100.000 nanometers wide, a sheet of paper is approximately 

100.000 nanometers thick. The figure is showing below has three examples of the scale and 

the size of nanotechnology, [1] 

 

 

 

 

 

 

 

 

                                 

 

 

 

                              Figure 1.1. Size comparison of nano-patterns [1] 
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1.2. History of Nanotechnology 

  Nanotechnology has existed for a few centuries but has expanded   with the 

occurrence of the Information Age [2]. Scientists had focused  on large scale materials in  

their research  for more than a century. The ideas and concepts  behind nanotechnology 

started  with a  lecture entitled “There’s Plenty of Room at the Bottom”  given at the 

American Physical Society meeting at  Caltech by physicist  Richard  Feynman in 1959.  It is 

frequently quoted as giving birth to the concept of nanotechnology [3]. In his talk, The 

process has been described by Richard  Feynman in which scientists could  manipulate 

individual atoms and molecules, molecules might be controlled [4]. In 1974, First time, the   

term "nano-technology" was used by  Japanese scientist Norio Taniguchi [5]. In 1980, Drexler 

run against Feynman's lecture "There's Plenty of Room at the Bottom" while preparing his 

first scientific paper on the subject, “Molecular Engineering: An approach to the development 

of general capabilities for molecular manipulation” published in the Proceedings of the 

National Academy of Sciences in 1981 [3]. Nanotechnology got an enhancement in the early 

1980s with a major development.  With the development of the scanning tunneling 

microscope (STM)  that could see individual atoms, that modern nanotechnology began [1].  

 

1.3. Differences in Nano and Bulk materials 

According to the US Government’s National Nanotechnology Initiative 

“Nanotechnology is the understanding and control of matter at dimensions of roughly below 

100 nanometers, where unique phenomena enable novel applications”.  Nanotechnology has 

generated too many interests in recent years due to the significantly different properties of 

these novel materials ascribed to their characteristic structural properties in between the 

isolated atoms and the bulk   materials [5,6]. Properties of the materials vary largely as the 

size of the constituents shifts from bulk to nano size range. There are two important factors    

between nano and bulk materials. They are surface effects and quantum effects [7]. These 

factors affect the chemical reactivity of materials, as well as their mechanical, optical, electric, 

and magnetic properties. Compared to bulk materials, nanoparticles have higher particle 

number and larger surface area per unit mass. The large surface area of nanoparticles  change  

magnetic properties and show super paramagnetic  phenomena because each particle could  be 

considered as single magnetic domain [6]. For instance, the ratio of surface area to volume  

for a particle with a diameter of 1µm is 1000 times smaller than a particle with a diameter of  

1nm.  Compared to bulk materials, chemical reactivity of nanomaterial is enhanced roughly 

http://media.wiley.com/product_data/excerpt/53/07803108/0780310853.pdf
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1000-fold. While chemical reactivity generally increases with decreasing particle size, surface 

coatings and other modifications can have complicating effects, even reducing reactivity with 

decreasing particle size in some instances [8].  The atoms have less neighbors than bulk atoms 

at the surface.  Hence, the less  particle size,  the  lower binding energy per atom.  A  result  of 

lower binding energy per atom is a melting point reduction with particle radius,  following the 

Gibbs-Thomson equation.  For example, the melting temperature of 3 nm gold nanoparticles 

is more than 300 degrees lower than the melting temperature of bulk gold [7].   

Other factor is quantum effects. Quantum dots (QDs) are quite small  particles or 

nanocrystals of a semiconducting material with diameters in the range of 2-10 nanometers [9]. 

These nanoparticles  frequently have  unexpected optical properties called quantum effects. 

Synthesised QDs have  great fluorescence properties  which can be used in the imaging 

instead of the organic labels that can produce different colors determined by the size of                                         

the particles [10]. 

 

1.4. Crystal Structure of Nanoparticles  

Crystallography  is a study for  determining the arrangement of atoms in the crystalline 

solids.  Symmetry and crystal's structure play a  role for  determining nanoparticle’s  physical 

properties like  electronic band structure, optical transparency and cleavage [11]. Unit cells 

create a crystal structure. The unit cell is a small box containing one or more atoms   arranged 

in 3-dimensions that contains all of the structural and symmetry information to build-up the 

macroscopic structure of the lattice. It describes a extremely ordered structure,  occurring due 

to the intrinsic nature of its constituents to form symmetric patterns [12].  Angles and lenghts  

of  the cell edges  are the lattice  parameters which  represent  a  unit cell. The  positions of 

the atoms inside the unit cell  are measured from a lattice point  and it is  described by the set 

of atomic positions (xi  , yi  , zi). Figure 1.2 shows the structures of unit cells [13].  

Here, we will focus on the cubic category due to CoFe2O4, which are  simple  cubic,                              

body-centered cubic, and face-centered cubic. Cubic unit cells are very  important that is 

relatively easy to do calculations   since  the cell-edge lengths are all the same and the cell 

angles are all 90o [14]. 

              

 

https://en.wikipedia.org/wiki/Electronic_band_structure
https://en.wikipedia.org/wiki/Crystal_optics
https://en.wikipedia.org/wiki/Cleavage_(crystal)
https://en.wikipedia.org/wiki/Crystal_structure#cite_note-Solid_State_Physics_2010-3
https://en.wikipedia.org/wiki/Miller_index
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     Figure 1.2. The structures of  Bravais unit cells [15].   

 

1.4.1. Simple Cubic Structure 

In  a simple cubic structure, the simple cubic unit cell is the simplest repeating unit. 

Each corner of the cubic unit cell is described by a lattice point at which an atom, molecule,                               

or  ion could be found in the crystal. The unit cell, at the edge,  always connects equivalent 

points. An identical particle must be contained at the eight corners of the unit cell. Other 

particles may be present at  the edges, faces or within the body of the unit cell.                                     

But, to be classified as simple cubic, eight equivalent particles on the eight corners must be 

present in  the unit cell [16].   
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1.4.2. Body-Centered Cubic Structure 

In  a body-centered cubic structure, the simplest repeating unit is  the body-centered  

unit cell. Once more, there are eight identical particles on the eight corners of the unit cell. On 

the other hand, there is one more identical particle in the center of the body of the unit cell 

[16].   

1.4.3. Face-Centered Cubic 

The face-centered cubic unit cell is the simplest repeating unit in a cubic closest-

packed structure. The face-centered cubic unit cell  starts with identical particles on the eight 

corners of the cube. For  a total of 14 identical lattice points, this  structure contains the 

identical particles in the centers of the six faces of the unit cell [16] . 

 

          Figure 1.3. 3D view showing the number of atoms per unit cell [17].                                

 

1.5. Miller indices 

In  the crystal structure, directions and planes are defined with three integers. 

Normally,  these values are created by using the Miller indices. Miller indices parameters are 

decided by finding the intersection of the plane with the x, y, z axis.  Miller index notation 

(ℓmn) describes  vectors and planes [18]. 

 

 

https://en.wikipedia.org/wiki/Miller_index
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                                        Figure 1.4.  Cubic Planes [19].                                        

  

1.6. Magnetic properties of Nanoparticles 

Magnetism  is a feature  of materials which  relates to the magnetic moments when an 

external field  is applied.  According to Pauli Exclusion Principle, an orbital contains  only 

two electrons, and the two electrons must be  opposing spins. While an electron  is “spin up”, 

the other is “spin down”.  In case, magnetic fields are in opposite directions , they may cancel 

each other. On the other hand, an atom  contains one or more unpaired electrons whose spin 

can form a directional magnetic field. The direction of the magnetic field is determined by  

the spin up or its opposite directions [20]. Magnetism  generally  arises from electric current, 

because  of  moving  electric charges create magnetic fields. Materials have a tendency to 

orient in a special direction. The region is called as the magnetic domain where alignment 

takes place. In magnetic domains, dipoles spontaneously align due to the exchange 

interaction. These are ferromagnetic, ferrimagnetic and antiferromagnetic materials. However, 

for paramagnetic and diamagnetic materials, the dipoles align in response to an external field 

[21].    

http://hyperphysics.phy-astr.gsu.edu/hbase/pauli.html
https://en.wikipedia.org/wiki/Exchange_interaction
https://en.wikipedia.org/wiki/Exchange_interaction
https://en.wikipedia.org/wiki/Ferromagnetic
https://en.wikipedia.org/wiki/Ferrimagnetic
https://en.wikipedia.org/wiki/Antiferromagnetism
https://en.wikipedia.org/wiki/Paramagnetic
https://en.wikipedia.org/wiki/Diamagnetic
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1.6.1. Paramagnetism 

Paramagnetic properties is a form of magnetism in which material contains unpaired 

electrons. These unpaired electrons are randomly oriented and whose spins align themselves 

when a external  magnetic field is applied, and turn  to its nonmagnetic state as soon as the 

external field is removed.  

 

 

 

 

 

 

                       Figure 1.5. Magnetic properties of paramagnetic materials [23] 

1.6.2. Diamagnetism 

Diamagnetism is called  that  the tendency of   magnetism in opposite direction  to an 

externally  magnetic field and diamagnetic behavior are repelled by the applied magnetic 

field. Diamagnetic  behavior is observed only in purely diamagnetic material. While 

paramagnetic material has unpaired electrons, diamagnetic material has not unpaired 

electrons. Due to the absence of unpaired electrons diamagnetic molecules, they are 

electrically "stable" when exposed to electromagnetic field. The diamagnetic effect of 

materials is   not permanent  that is  being immediately canceled when the field is removed 

[24]. 

 

 

 

Figure 1.6. Magnetic properties of  diamagnetic materials [23] 
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1.6.3. Ferromagnetism 

Ferromagnetic material that easily form magnets, contains unpaired electrons like 

paramagnetic substance. These materials contain a tendency to orient parallel  with each other 

to maintain a lowered-energy state. This tendency  related to  lining up parallel  to external 

magnetic field. Hence, the electrons maintain their parallel orientation, when the applied field 

is removed. Every ferromagnetic material has itsown critical  temperature, known as the Curie 

point. At this point, the material loses its ferromagnetic properties. Well known ferromagnetic 

materials are iron, nickel, cobalt and their associated alloys [25]. 

Figure 1.7. Magnetic properties of Ferromagnetic materials [23] 

1.6.4. Antiferromagnetism 

Because of magnetic moments of neighboring valence electrons point in opposite 

directions, antiferromagnetic materials have a zero magnetic moment that generate no 

magnetic field [25] .   

 

 

 

 

 

 

     Figure 1.8. Magnetic properties of  Antiferromagnetism  and Ferrimagnetic materials [26]   
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1.6.5. Ferrimagnetism 

Ferrimagnetic materials have common properties with ferromagnetic and                                                        

antiferromagnetic materials. They retain magnetization like ferromagnetic materials  when a 

magnetic field is removed. However, their neighboring electron pairs are similar to  

antiferromagnetic materials, magnetic moments of neighboring valence electrons point in 

opposite directions [25].   

1.7.         Magnetic Quantities of Nanomaterials 

There are three magnetic vectors. Magnetization or magnetic polarization is expressed 

as a net magnetic moment per unit volume or mass that is indicated as ‘M’.  B is called the 

magnetic induction and H is  magnetic field. All parameters related to B = μ0 (H+M) equation  

and μ0 is shown  free space  as permeability. M-H loop called hysteresis curve also  shows all 

the magnetic properties including saturation magnetization (Ms), remanent magnetization 

(Mr), coercive field (Hc)  as shown in Figure 1.9.  The ability of the magnetic material to get 

easily magnetized and easily demagnetized  describes  the nature of the magnetic material 

[27].   

 

 

 

 

 

 

        

                             Figure 1.9. Hysteresis loop of ferromagnetic materials [28]   
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Magnetic hysteresis curve also decides   soft or  hard materials. While hard  magnetic 

materials are  permanently magnetized,  soft magnetic  materials are temporarily magnetized. 

Coercive  field (Hc) is smaller for soft materials and larger for hard  materials. Hence, hard  

materials are difficult to magnetize because of larger coercivity. Other important feature is 

Remanent magnetization (Mr) that  is the magnetization left when external field is removed 

[29]. CoFe2O4 nanoparticles  show a relatively large magnetic hysteresis  which seperates it 

from other spinel ferrites [30]. 

 

 

        

 

 

 

    

 Figure 1.10. Hysteresis loops of hard and soft ferromagnetic materials [31] 

1.8. Curie Temperature  

Material’s intrinsic magnetic moments are different for ferromagnetic,  paramagnetic,  

ferrimagnetic  and anti ferromagnetic materials  that depend on temperature. It  is the critical 

temperature that also called  Curie point (Tc). At  this critical temperature, where a material's 

permanent magnetism  changes to induced magnetism.  

 Below Tc      Above Tc 

Ferromagnetic ↔ Paramagnetic 

Antiferromagnetic ↔ Paramagnetic 

https://en.wikipedia.org/wiki/Ferromagnetism
https://en.wikipedia.org/wiki/Paramagnetism
https://en.wikipedia.org/wiki/Ferrimagnetism
https://en.wikipedia.org/wiki/Antiferromagnetism
https://en.wikipedia.org/wiki/Magnetism
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      Figure 1.11  .Curie Point refers to a characteristic property of a magnetic material [32] 

In Ferromagnetic materials, the magnetic moments are aligned at random at 

temperatures above the Curie point, and become ordered below the Curie Point. As the 

temperature is increased towards the Curie point, the magnetization within each domain 

decreases. Above the Curie point, the material is purely paramagnetic and there are no 

magnetized domains of aligned moments [33]. Doping a material can affect its Curie 

Temperature. Composite  materials may have  different curie temperatures than a constituent 

of a composite. The  Curie temperature (Tc)  of ferromagnetic nanoparticles decreases with 

decreasing nanoparticle sizes. Nanoparticles shape is also depend on  its curie temperature 

[34]. Curie  Temperature  of CoFe2O4 nanoparticles is  around 520 oC [35].  

1.9.   Properties of Cobalt based Ferrites 

Ferrite   nanoparticles show  extraordinary physical and chemical properties. Its 

properties are changed with  the particle size, shape, crystallinity, composition, cation 

distribution, and synthesis route [36]. General  formula of magnetic spinel ferrites is  

AO.B2O3 or AB2O4  where, A is divalent metal ion like Mn2+, Zn2+, Ni2+, Fe2+, Cd 2+, Cu2+, 

Mg2+ and Co2+ (or a mixture of such ions) and B is trivalent metal iron ion [37].  

 In magnetic spinel ferrites, both divalent and trivalent cations are distributed among 

tetrahedral (A) and octahedral (B) sites. The site preference exhibited by cations defines 

whether the spinel is normal or inverse. In normal spinel, the A2+ ions occupy only tetrahedral 

sites and the Fe3+ ions occupy only octahedral sites, for example ZnFe2O4. In inverse spinel, 

https://en.wikipedia.org/wiki/Doping_(semiconductor)
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all the A2+ ions and half the  Fe3+ ions sit on the octahedral sites; the tetrahedral sites are 

occupied  now by  the other half of the Fe3+ ions like NiFe2O4 and CoFe2O4 nanoparticles 

[38].     

CoFe2O4 is shown as CFO  that is interesting nanoparticles due to its large curie 

temperature, high effective anisotropy and moderate saturation magnetization [39].  Spinel 

ferrites are widely used as a material in different applications such as magnetic recordings and 

storage, catalysis, magnetic resonance imaging, targeted drug delivery and hyperthermia for 

cancer treatment [40,41].  Recent innovative   applications are  focused on the use of 

transition metal nanoparticles like  Cobalt ions. Co2+  also   has  a important  role as a co-

factor for  B12 vitamin [42,43]. 

Cobalt  based nanoparticles have the ability to rapidly enter into the cell which attracts 

attention of the researchers to Cobalt based NPs for biomedical applications [44]. 

1.10. Synthesis of  Metal  Nanoparticles 

Recently, researches  argue about  several techniques  for preparing  metal                            

nanoparticles. Various   synthesis methods  have been designed to  obtain optimum sized 

nanoparticles and they depend upon many different parameters including reaction time, 

reaction temperature, pH, stirring rate and concentration of reactants. Synthesis methods for 

nanoparticles can be listed as follows: 

1.10.1.  Sol-Gel Method 

The sol-gel process is   important  method to synthesize nano ferrites. In this method, 

nanomaterials are fabricated starting from an aqueous solution of salts (sol) to an integrated 

network of particles (gel) like a polymer.  Metal nitrates or chlorides are subjected to  

hydrolysis and condensation that forms a colloidal suspension. 

 

Hydrolysis step (sol )        : M-O-R + H2O → M-OH + R-OH   

Condensation step  (gel ) : M-OH + R-O-M → M-O-M + R-OH  

 

Solvent type, reaction temperature, pH, stirring rate,  catalysts, additives and 

precursors are important parameters in a sol–gel process [44]. Low  cost, optimum  
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agglomeration and  uniform morphology of the nano particles are the specific  advantages of 

sol-gel  synthesis technique [45].  

1.10.2. Solvothermal Synthesis 

High pressures above the boiling points of a liquid solvent in a sealed closed vessel 

called as autoclave  is generally utilized  for synthesis of  metal nanoparticles in hydrothermal 

method. Solvents are heated in the autoclave in which pressure is generated. This reaction 

requires long times (8-72 hrs) at high temperatures generally between  130 oC and 200 oC. If 

water is used as a solvent, the reaction is called as hydrothermal synthesis method [46]. 

Comparing  to other syhthesis techniques, easy control of particle size and shape, uniform and 

narrow size distribution, composition of prepared samples are achieved in this  method. Also, 

there is no requirement of sintering  of the precursor samples to form crystallite sizes of the 

materials [45]. 

1.10.3.  Micro-emulsion Method 

  Micro-emulsion method is ideal techniques for the preparation of metal nanoparticles. 

Micro- emulsion means a clear, thermodynamically stable, isotropic liquid mixture of water, 

oil and surfactant [47].  Micro-emulsion is formed when an enough amount of a suitable 

surfactant is mechanically agitated with the oil phase and water phase. The aqueous phase 

may contain salt(s) and/or other ingredients, and the oil phase is  a mixture of surfactant in a 

suitable organic solvent. There are two basic  types of microemulsion.  One of them is normal 

micelles (oil dispersed in water) and the other is reversed micelles (water dispersed in oil). 

Small sized  particles can be achieved in this method Also, uniform size distribution and 

morphology is possible by this technique. [45]. 

1.10.4. Chemical co-precipitation 

Co-precipitation is a four step mechanism to synthesize  nanoparticles at varied 

temperature that means the co-precipitation of ionic salts such as nitrates, chlorides, sulphates  

in the presence of a strong  base  such as  NaOH or NH4OH. These  four steps  include 

nucleation, growth, ripening and saturation of particles [45]. Nucleation is a key step in this 

method  and many small nuclei are formed that pass the growth step followed by ripening and 

then stabilization process and a stable insoluble product is formed. The size and magnetic 

properties of  nanoparticles can be varied depending on types of salt, pH and  temperature of 
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reaction, concentration of reagents and mixing of base [48]. Slow mixing can cause a large 

size nanoparticles formation and  a sudden mixing of basic solution can induce  growth small 

particles due to  sudden creation of nuclei [45]. 

1.11. Fluorescent Properties of Nanoparticles  

Small  semiconductor nanoparticles are called  quantum  dots (QDs) whose sizes  are 

in the range of 1 – 20 nm. Synthesised QDs have great  fluorescence properties  which can be 

used in the imaging instead of the organic labels. They can be used to biosensing, biolabelling 

and delivery of therapeutic agents Quantum dots are used in medicine, food safety control and 

environment monitoring [49]. Due  to quantum confinement, different size quantum dots emit 

different color light. The smaller quantum dots the bluer its absorption onset 

and fluorescence spectrum (higher energy). Conversely, The large quantum dots  emit  redder 

light (lower energy) [50]. Different color of quantum dots are shown in Figure 1.12. The 

absorbance and fluorescence spectrum of QDs are measured by fluorescence spectrometer. 

 

 

 

 

 

 

 

 

 

Figure 1.12. Six different quantum dots solution are shown excited  

                       with a long wave [51]. 

 

 

 

 

https://en.wikipedia.org/wiki/Spectral_color
https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Spectrum
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1.12. Cancer and Cancer Therapy 

Cancer is a genetic  disease that caused by an uncontrolled division of abnormal cells. 

Thus, abnormal cells could spread all over the body [52]. There are many kinds of cancer that  

are usually named for the organs or tissues where the cancers form.  They  all start because of 

out-of-control growth of abnormal cells. Understanding  of DNA, which was found to be the 

basis of the genetic code that gives orders to all cells, they learned that chemicals, radiation 

damage to DNA or viruses cause different  DNA sequences that often bring                      

about  cancer [53]. 

 

 

 

 

 

 

  

 

 

 

 

 

                                            Figure 1.13.Cancer cell division [54].  

 

Some cells continue to form new abnormal cells instead of dying. These abnormal 

changes called hyperplasia and dysplasia are  formed  before cancer. In hyperplasia, cells 

within a tissue divide faster than normal cells but the cells look  normal under a microscope.  
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Dysplasia is  more serious step in which the cells look abnormal under a microscope  

but this abnormality is not cancer. Hyperplasia and dysplasia are both the way of cancer and 

they might be cancer  or might be not [55]..  

                             Figure 1.14. The loss of normal growth [56]. 

 

Cancer  cells are dividing continuously  due to the ignorance of stop signals. In terms of 

cell division, cancer cells differ from normal cells. These differences can be arranged as 

following; 

•  Normal cell  requires  growth factors to divide.  But, cancer cell has lost the 

requirement of   positive growth factors. Because of this reason, abnormal cells divide 

whether these factors are present or not.  

• Normal cells indicate  contact inhibition. It  is meant that normal cells  respond to 

contact with other normal cells stopping  cell division. That's why, normal cell  can 

divide to fill in an emptiness, until filling the gaps with enough cells. There is not this 

feature  in cancer cells and  abnormal cells keep on growing  even they touch other 

cells. This abnormality  causes a large mass of cells [57]. 

• Programmed death of cell is called  apoptosis is the normal process for normal cell  

[58]. According to Hayflick phenomenon, a normal human cell can divide until cell 

division stops that approximetly divide in a range of 40 to 60 times. Telomere is a 

region at the end of a strand of DNA  that  get smaller as the cell divides. The length 

of the telomere  is related to their capability to replicate DNA [59,60]. On the other 

hand, telomerase is an enzyme that is activated in cancer cells. Due to this enzyme, the 

length of the telomere is never getting smaller. This property gives infinite replicative 

potential to cancer cells [61].   

https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Telomere
https://en.wikipedia.org/wiki/Telomere
https://en.wikipedia.org/wiki/Telomere
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•  Due to DNA damage or abnormal cell division, normal cells stop to divide and causes 

apoptosis  unlike normal cells. Cancer  cells continue to divide when cell division is 

abnormal. Hence, the more damaged DNA is accumulated in the body [62].    

Cancer can be treated by surgery, chemotherapy, radiation therapy, hormonal therapy, 

and targeted therapy. 

1.12.1. Surgery Method 

Surgery is the oldest type of cancer therapy that is the removal of the tumor and 

surrounding tissue at an early stage of disease.  In surgery, cutting  process is  painful and take 

some time to recover. After the discovery of anesthesia (1846), surgery advanced so rapidly 

that the next 100 years became known as “the century of the surgeon.”  Anesthesia makes you 

feel painless during surgery. But, there is some complications such as blood loss and if the 

cancer later appear elsewhere, it should be a new process.  In the 1970s, Clinical tests 

demonstrated that, the less extensive surgery, the more effective  result. Most women that 

have breast cancer, have the primary tumor removed and then use of radiation to damage 

cancer cells [63-65].    

1.12.2. Chemotherapy  

Chemotherapy is one of the most effective conventional treatment  methods  that is 

therapeutic agents to cure cancer,  increase the insufficiency  of surgery or radiotherapy and 

help painless operation. Before surgery or radiation therapy, chemotherapy makes a tumor 

smaller that is called neo-adjuvant chemotherapy. After surgery or radiation therapy, it  

destroys cancer cells that is called adjuvant chemotherapy [66]. Chemotherapy therapeutic 

agents also cause some side effects that affects  healthy cells and  many chemotherapy drugs 

may cause birth defects. It  is important that a woman should avoid to become pregnant while 

undergoing chemotherapy [67]. Chemotherapy drugs  are metabolized in the liver which 

might  be damaged  if liver is not working healthy and the  higher doses drugs the greater 

damage of liver. This damage occurs frequently in elderly people and those that have  a 

history of  hepatitis [68].  

 

 

https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Surgery
https://en.wikipedia.org/wiki/Chemotherapy
https://en.wikipedia.org/wiki/Radiation_therapy
https://en.wikipedia.org/wiki/Hormonal_therapy_(oncology)
https://en.wikipedia.org/wiki/Targeted_therapy
https://en.wikipedia.org/wiki/Surgery
https://en.wikipedia.org/wiki/Chemotherapy
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1.12.3. Radiation Therapy 

Radiation therapy is a cancer treatment method that uses high-energy radiation to 

minimize the  tumors or destroy cancer cells by damaging the  DNA. Types of radiation are 

 X-rays, gamma rays, and charged particles that  may be delivered by a machine outside the 

body, or it may come from radioactive material placed in the body near cancer cells. 

Radiation therapy not only destroy  cancer cells but  also may lead to  side effects that can 

damage normal cells [69].  

1.12.4. Hormonal Therapy 

Hormones are natural substances that are body's chemical messengers carried in  

bloodstream from one part to another of  body.  Cancer cells are either hormone sensitive or 

hormone dependent. Some cancer cells need hormones to grow.  In hormone therapy for 

hormone dependent cancer, medicines are used   to block the growing effects of hormones. 

But, this application is not  useful for all types of cancer. This type of cancer cells is called 

hormone sensitive such as breast cancer, prostate cancer. The common side effects of 

hormone therapy for women and men are tiredness, mood swings and depression, weight gain 

and effects on bones [70]. Additionally, in almost all patients,  resistance develops that  

initially respond to therapy   and result in cancer progression. The molecular causes of 

resistance are complex, varied and not well understood [71]. 

1.13. Targeted Therapy and Hyperthermia 

Targeted anti-cancer therapy is an effective treatment that  is a special type of 

chemotherapy. But, targeted therapy  works in a different  way unlike  standard 

chemotherapy. Chemotherapy drugs target certain parts of cancer cells that make them 

different from standard chemotherapy. Instead of chemotherapy, based upon non-toxic 

inorganic and organic  nanoparticles may   improve current cancer treatments such as targeted 

therapy called  Hyperthermia. According to National Cancer  Institute in the United States of 

America,  hyperthermia is defined as follows;  tumor  is   exposed to high temperatures to 

damage,  kill or to make  more sensitive  cancer cells for  alternative therapies such as 

radiation and certain anticancer drugs. Hyperthermia  is a type of treatment that body tissue is 

exposed to high temperatures in the range of 41-46 oC to damage cancer cells or to make more 

sensitive for effects of anticancer drugs. Heating is generated by radio frequency, microwave 

https://en.wikipedia.org/wiki/Radiation_therapy
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045944&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000270730&version=Patient&language=English
https://en.wikipedia.org/wiki/Hormonal_therapy_(oncology)
http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/hormone/general-side-effects-of-hormone-therapy#tiredness
http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/hormone/general-side-effects-of-hormone-therapy#dep
http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/hormone/general-side-effects-of-hormone-therapy#gain
http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/hormone/general-side-effects-of-hormone-therapy#bone
https://en.wikipedia.org/wiki/Targeted_therapy
http://www.cancer.org/ssLINK/chemotherapy-landing
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and laser wavelengths. Cancer  cells are considered more susceptible to heat than normal cells 

due to their higher rates of metabolism. Because of this reason  hyperthermia is promising 

cancer treatment [72]. Hyperthermia application  is classified into three categories as localized 

hyperthermia, regional hyperthermia and whole-body hyperthermia [73–75]. The goals of 

targeted nanoparticle systems are to increase the nanoparticle concentration in only  tumor 

cells, improve internalization and intracellular delivery [76].  Targeted therapies also work in 

several ways. 

1.13.1.              Passive Targeting  

The control of the size and surface properties of nanoparticles in the treatment of 

cancer is very critical because of necessity of avoiding uptake by the reticulo-endothelial 

system (RES), maximizing circulation times and targeting ability [77]. RES recognizes 

foreign substances and eliminates them from blood circulation. There are some differences 

between tumor  and normal cells. Tumor veins  are disorganized and enlarged with a high 

number of pores that  resulting in enlarged gap junctions between endothelial cells. This 

property is named enhanced permeability and retention (EPR) effect. The EPR effect is an 

important  mechanism for selective solid tumor targeting of nano-scale drug carriers and has 

been the basis for novel drug carrier design [78-80]. EPR effect might be observed in nearly 

all human cancers apart from prostate cancer or pancreatic cancer which are a kind of 

hypovascular tumors [81,82].  

Passive targeting consist of  the transport of nanocarriers through leaky tumor 

capillary fenestrations into the tumor cells by convection or passive diffusion.                                    

The convection is called the motion of molecules within fluids. As the net filtration rate is 

zero, convection must be in the majority transport mode for most large molecules. In the 

contrary, low molecular weight compounds  are mostly  transported by diffusion. Diffusion                

is  defined as a process of transport of molecules across the cell membrane without cellular 

energy. At the same time, convection through the tumor cells is poor due to interstitial 

hypertension, leaving diffusion as the major mode of drug transport [83].  
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Especially, there are three important nanocarrier properties. They are listed as following;  

 

1. The ideal nanocarrier size should  be in the size range of  10-100 nm. EPR effect  

allows migration of macromolecules up to 400 nm in diameter into the surrounding 

tumor region. Nanocarriers need to be larger than 10 nm to avoid the filtration from  

the kidneys nanocarriers need to be smaller than 100 nm.  

2. The charge of the nanoparticles should be anionic or neutral for efficient flowing  of 

the renal elimination. 

3. The nanocarriers should be hidden from the RES [84,85].  

At the same time, there are some limitations to reach tumor on passive targeting.  Firstly, 

it depends on the degree of tumor vascularization and angiogenesis. Secondly, the high 

interstitial fluid pressure of solid tumors avoids successful uptake and homogenous 

distribution of drugs in the tumor [86,87].   

 

1.13.2.  Active Targeting  

Active targeting is  a new and the most promising method.  Specific ligand is  attached 

to  the surface of the nanocarrier  for  targeting cancer cell directly or onto its surface by 

binding antigens of tumors [77,88,89]. Proteins, glycolipids, peptides, polysaccharides, 

glycoproteins, and monoclonal antibodies are used as a ligand  for surface modification of 

nanocarriers which principally bind to receptors at the target site [90]. Most of the active 

targeting conjugates have a structure composed of a ligand and an active chemotherapeutic 

drug or nanoparticles. The ligand is chosen for attaching to a receptor overexpressed  by 

tumor cells and not expressed by normal cells. The binding affinity of the ligands influences 

the tumor penetration because of the binding-site barrier. After binding to target cells, 

internalization occurs via receptor-mediated endocytosis [91]. In the active targeting strategy, 

two cellular targets can be seperated: first one is  the targeting of cancer cell showing in 

Figure 1.15 B1 and the second one is the targeting of tumoral endothelium showing in                       

Figure 1.15 B2. 
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                     Table 1.1. The comparison of passive and active targeting [91].   

Ligands grafted at the surface of nanocarriers bind to receptors over expressed by (1) cancer 

cells or (2) angiogenic endothelial cells. 

 

 

         Figure 1.15. A. Passive targeting of nanocarriers. B. Active targeting strategies.  
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1.14. Nanoparticle  Targets on the Body 

 There are many factors to the design of active targeting  nanoparticles before 

choosing the target of interest [92]. It  is most  important that the target receptor should have 

high density on target cells. It should be overexpressed on the diseased tissue while minimum 

expressed on the normal tissue. Affinity and specificity are crucial parameters for a targeting 

ligand [93]. The main targets on the body are shown in Table 1.2. 

                                       

                                   Table 1.2. The main Targets on the Body 

1.15. Folic Acid as a Targeting Ligand  

 One of the most significant limitations of cancer therapy is the lack of the 

specificity of anti cancer nanoparticles delivery. Choosing the suitable ligand is highly 

important   for the proficiency of actively-targeted nanoparticles. There are specific features 

between cancer and normal cells. Cancer cells frequently express several proteins on the cell 

surface [94-96]. The Low molecular weight (MW) targeting agents, such as folic acid (FA), 

and its counterpart, the Folate receptor (FR), have emerged as the most promising way  for 

Target  Description 

Folate receptor  

A folate-binding protein. Folate receptor-tageted epothilone 

BMS 753493 contains an epothilone moiety linked to a 

single folate molecule. It delivers the antimitotic epothilone 

component into cells expressing folic acid receptors, 

frequently unregulated in tumor cells. 

Peptide receptor  A cell surface protein that binds peptides with high affinity 

Cell membrane  

Also called the plasma membrane, plasmalemma or 

"phospholipid bilayer", it is a semipermeable lipid bilayer 

found in all cells 

Cell surface antigen  

Antigens on surfaces of cells, for example, infectious or 

foreign cells or viruses; they are usually protein-containing 

groups on cell membranes or walls 
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selective cancer therapy [52]. The natural characteristics of folic acid and folic acid receptors 

on cancer cells make them very efficient agents for drug targeting being fixed the severe side 

effects of free drugs and overcome drug resistance. Normal cells do not express FR. Folate 

was picked because of folate employed as a targeting moiety of various anticancer agents to 

avoid their nonspecific attacks on normal tissues as well as to increase their cellular uptake 

within target cells [97]. Folate conjugates are covalently derivatized via its g-carboxyl moiety 

and it is well known that they can retain the high affinity ligand binding property of folate, 

and the kinetics of cellular uptake of conjugated folate compounds by folate receptors  are 

similar to that of free folate. Recycling of folate receptors in target cells can make more 

accumulation of folate conjugates possible. Other folate conjugates such as protein toxins, 

radio imaging agents, chemotherapy agents, anti-T-cell receptor antibodies, and gene transfer 

vectors have also demonstrated receptor-specific delivery properties. Many researchers have 

used folic acid (FA) as a ligand with cationic liposomes and other polymers such as chitosan, 

poly(L-lysine), poly(dimethylaminomethyl methacrylate) and PEI [98]. The conjugation of 

folic acid to therapeutic agents including alkylating agents, taxols, platinum compounds, and 

fluorouracil has been investigated [99].  

Folic  acid receptors are two different forms following as;    

 

 

 

 

 

 

 

                            

                      

 

 

                            Figure 1.16. Folic acid and folate receptor [100]. 
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One of them is FOLR1 that is overexpressed by a number of epithelial-derived tumors 

including ovarian, breast, renal, lung, colorectal, and brain. The other form of folic acid 

receptor is  FOLR2 that  was originally thought to exist only in placenta, but also it  is 

detected in spleen, bone narrow, and thymus [101].   

 

1.16.  Types of Nanoparticles Used for Active Targeting Systems 

Comparing to other cancer therapeutics, advantages of the nano particles have been 

defined  by Heath and Davis based on four important properties as follows; 

1. Nanoparticles have therapeutic or diagnostic properties that can transport a 

complex and extremely concentrated therapeutic agent. 

2. Nanoparticles can bind to targeting ligands which yield high affinity and 

specificity for target cells. 

3. Nanoparticles could accommodate multiple drug molecules that allow 

combinatorial cancer therapy. 

4. Nanoparticles can bypass multiple drug resistance mechanisms [102]. 

 

Owing to the advantages of nano-scaled size, nanoparticles are able to  overcome 

barriers in human body, reaching specific sites of abnormal cells and remaining there longer 

to realize higher bioavailability. 

Nanoparticles are usually composed of biodegradable polymers and have the 

advantage of specificity, the ability to escape from multi-drug resistance and efficient drug 

delivery. Drug delivering nanoparticles are also termed as nanocarriers. Nanocarrier systems 

increase local drug concentration by carrying drugs to the targets and control releasing when 

bound to the target abnormal cells. Several nanocarriers such as metallic nanoparticles, 

liposomes, polymeric nanoparticles, micelles, chitosan nanoparticles, proteins, viruses, carbon 

nanotubes, gold nanoparticles have been reported for drug targeting. A nanocarrier should 

have some specific properties such as biocompatible, biodegradable, hydrophilic character   

and also have potential for surface modification. The most important reasons for this 

modification are to increase solubility, stability and extended duration of drugs in blood 

circulation and to add a passive or active targeting groups to these nanocarriers [90,103-105]. 
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                       Figure 1.17. Types of nanocarriers for drug delivery [106]. 

 

Nanoparticles, ranging size of  1 to 100  nm, have been designed as targeting  drug 

delivery vehicles from a variety of materials including lipid based nanoparticles                               

(liposomes, hexasomes, cubosomes), metallic nanoparticles (iron oxide, gold), carbon 

nanotubes, or polymers based nanoparticles (polymer based micelles, drug carriers, 

dendrimers) depicted in Figure 1.17. 
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1.16.1. Dendrimers 

A dendrimer is defined as synthetic polymeric macromolecule in nanometer sizes that 

has three distinguished architectural components.  A central core which is either a single atom 

or an atomic group, in which branches extended from the core, composed of repeating units 

and many terminal functional groups generally located in the exterior of the macromolecule. 

These functional end groups have a large potential for drug attachment. Dendrimers offer 

various advantages that make these nanocarriers  ideal drug delivery vehicles. 

 

 Suitable particle size of dendrimers makes them less susceptible for RES uptake.  

 Various  functional  groups are present on outer surface of dendrimers, which could  

be used to bind  vector devices for targeting to correct site in the body. 

 Dendrimers could be modified as stimuli responsive to release drug.  

 Dendrimers may show an EPR effect which allow them to target tumour cells more 

effectively than small molecules. 

 They can be synthesized and designed for specific applications. They  are ideal drug 

delivery systems, due to their feasible topology, functionality and dimensions. The 

easily modifiable surface characteristic of dendrimers has had a promise for 

biomedical applications, because it enables them to be conjugated with imaging 

contrast agents, targeting ligands and therapeutic [104,106,107].  

 

             Following  polymers are using  in designing dendrimer that are polyamidoamine 

(PAMAM), polypropyleneimine (PPI), poly L-glutamic acid (PLG), melamine, PEI, PEG, 

and Chitin. 

 

  Specific molecular structure of dendrimers enables them to carry various drugs via 

encapsulation or covalent conjugation to the surfaces in the gaps of the cores through 

hydrogen bond, chemical linkage, or hydrophobic interaction. Despite of the promising 

feature, dendrimers require many repetitive steps for synthesis for large-scale production and 

more expensive than other nano carriers [104,109]. There are four important methods for 

synthesis of dendrimers which are divergent, convergent, double exponential mixed growth 

and hypercores branched monomers growth.  
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1.16.1.1. Divergent Method 

 In this method, dendrimer expands outwards from a multifunctional core molecule. 

The core is reacted with at least two moles of reagent containing two or more protecting 

branching  sites, followed by removal of the protecting  groups. This processes are repeated 

till the dendrimer of the planned  size is obtained [110].   

 

 

 

 

 

 

                        

   Figure 1.18. Divergent and convergent  methods  for synthesis of dendrimers[111].   

1.16.1.2. Convergent Method 

In the convergent approach, the dendrimer is established  stepwise that is starting from 

the end groups and progressing inwards. When the growing groups  are large enough, more  

branching sites are attached to a suitable core to give a complete dendrimer. There are some 

advantages in this method like easy to purify the final product, formation of defects in the 

desired structure is minimised and not allow the  formation of high generation dendrimer 

because stearic problems [112].   

 

1.16.1.3. Double Exponential and  Mixed Growth 

In this method, there are two products (monomers for both convergent and divergent 

growth) that are reacted together to give an orthogonally protected trimer, which may be used 

to repeat the growth process again [110,112].    
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 Figure 1.19.   Double Exponential and  Mixed Growth   

                                  methods  for synthesis of dendrimers[113].    

 

1.16.1.4. Hypercores Branched  Monomers Growth 

Hypercores branched polymers also  belong to a class of synthetic tree-like 

macromolecules that have densely branched structure and a large number of end groups. 

Hypercores branched  polymers which have imperfectly branched or irregular structures 

whose molecules are composed of repeating units extended from a central core [107].    

1.16.2. Polymeric Micelles  

  Polymeric micelles have a great potential as therapeutic nanocarriers that contain   a 

core–shell structure with a versatile drug-loading hydrophobic core and biocompatible 

hydrophilic shell. This feature of polymeric micelles is preferable to bypass both renal 

clearance and entrapment by RES. As a result, this is allowed for following accumulation 

within tumor cells by the EPR effect. Furthermore, polymeric micelles might be designed for 

enhanced biological performance by modification. According  to the characteristics of desired 

tumor cells, ligand attachment is possible that is called  active targeting. Various ligands such 

as transferrine, folic acid, peptides and some sugars can be attached to polymeric micelles for 

active targeting [114]. The major factors that influence the performance of polymeric micelles 

for drug delivery are loading capacity, release kinetics, circulation time, bio distribution, size, 

and stability and the optimum  nanocarriers  have some features such as biodegradability, 

prolonged circulation, high loading capacity, small particle size, and accumulation in tumor 

cells [115].   
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1.16.3.  Polymeric Nanoparticles 

Polymeric nanoparticles are in the range of 1-1000 nm that  composed of 

biodegradable polymers such as PLA, PLGA, PEG and  polysaccharides include chitosan, 

clycodextrin, dextrans. Polymers are suitable  materials that can be integrated into important  

nanoparticle constructs with many potential medical applications and  polymeric 

nanoparticles are promising vehicles for drug delivery by effortless  manipulation to prepare 

nanocarriers with the aim of  delivering the drugs to specific target.  According to  preparation 

method of nanoparticles, two type design  could  be obtained that are nanocapsules and  

nanospheres.  Nanospheres are also called  matrix systems in which the drug is uniformly 

dispersed, while  the drug is covered to a cavity surrounded by a polymer membrane in  

nanocapsules [115].  Polymeric nanoparticles could be synthesized  by  various 

polymerization techniques such as micro-emulsion, surfactant-free emulsion and interfacial 

polymerization.  The choice of preparation technique is based  on the basis of a number of 

factors such as the type of polymeric system, area of application, size requirement and others 

[107].  

There are many advantages of polymeric nanoparticles as  follows [116] ; 

1. Polymeric nanoparticles are incorporated into other activities related to medical 

application, such as tissue engineering. 

2. Easily and cheaply fabricated in large quantities by various methods. 

3. Delivers an optimum  concentration of pharmaceutical agent to targeted site  

4. Significant improved treatment   in terms of efficiency and effectiveness.  

 

1.16.4. Carbon nanotubes 

Carbon nanotubes (CNTs) are one of the most important materials  of nanotechnology. 

Carbon nanotubes are composed of benzene rings that are unique for their size, shape, and 

remarkable physical properties.  They are hexagonal networks of carbon atoms   about 1 nm 

in diameter and 1–100 nm in length which  can essentially be thought of as a layer of graphite 

rolled up into a cylinder. There are three common techniques for producing CNTs. They are 

the carbon arc-discharge technique, the laser-ablation technique and the chemical vapor 

deposition. The resulting products  have  number of impurities whose type and amount                               
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depend on the technique used. Carbonaceous  materials are the most common impurities, 

whereas the other types of observed impurities are metals. Currently, there are some 

disadvantages as follows. First, structurally perfect nanotubes is not available at large scale. 

Second, it is difficult to synthesize defect-free nanotubes continuously to macroscopic 

lengths. Major  drawback of CNTs especially relevant to their compatibility with biological 

systems is their complete insolubility in all types of solvents [117]. The chemical 

modifications such as incorporation of carboxylic  or ammonium groups to their structures 

can improve their solubility and make it possible to link and transport of peptides, nucleic 

acids and other drug molecules. Some examples of performed studies involve the covalent 

linked antifungal agents  and anticancer drugs   to carbon nanotubes with a fluorescent agent. 

An in vitro study indicated that drugs bound to carbon nanotubes were more successfully 

internalized into cells when compared with free drug alone and had potent antifungal activity. 

The multiple covalent functionalization on the sidewall or tips of carbon nanotubes lets them 

to carry numerous molecules at once, and this strategy provides an essential benefit in the 

treatment of cancer [108,109] .  

 

1.16.5. Lipid-based drug carriers 

   These are alternative  nanoparticles for therapeutic application made from solid lipids. 

Solid  lipid nanoparticles (SLNs) are also  called lipospheres. SLNs formulations are using  

various application routes such as  parenteral administration  and brain delivery, ocular 

delivery, rectal delivery, oral delivery, topical delivery and vaccine delivery systems etc..and 

thoroughly characterized in vitro and in vivo [118]. Preparation  methods  of SLNs are 

microemulsion, high speed stirring, melt dispersion method, solvent evaporation method and  

spray congealing. Disadvantages of these nanocarrier systems are their low drug loading 

capacity, their affinity to polymorphic transition leading to drug expulsion, and the high water 

content of the SLNs dispersion [119]. Controlled release from lipid based drug delivery 

systems is a very promising method  to overcome barrier associated with the use of approved 

polymeric systems. Lipid based nanocarrier systems have proofed their capability in terms of 

biocompatibility, release properties and stabilization of the encapsulated bioactive substances 

upon preparation and storage. 
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1.16.6. Metallic Nanoparticles 

Metallic nanoparticles are highly  promising nanocarriers for biomedical application 

that  have  many advantages such as  easy handling with  external magnetic field, the 

probability of using active and passive targeting strategies, the ability of visualization by 

MRI, and enhanced uptake  resulting in effective treatment at the therapeutically optimal 

doses [120]. Magnetic nanoparticles have attracted attention on alternative cancer therapy as  

hyperthermia application [121]. Designing a magnetic  drug delivery system  requires many 

factors such as  magnetic properties and size of particles, strength of magnetic field, drug 

loading capacity, the place of accessibility of target tissue. On the other hand, there are some  

difficulties in achieving these objectives. For example, they tend to aggregate into larger 

clusters and  very difficult for physical handling. Because of the lack of knowledge of the 

negative effects  on the  human body,  biomedicine applications  of MNPs  are limited. Iron 

oxide nanoparticles  are the only type of MNPs approved for clinical use by Food and Drug 

Administration.  This feature is achieved by alkaline co-precipitation of  Fe2+ and Fe3+ , 

chemical stability in physiological conditions and possibility of chemical modification by 

coating the iron oxide cores with various shells such as  polymeric, silane , or dendrimeric. In 

addition, iron oxides – magnetite and maghemite – occur naturally in human heart, spleen and 

liver, which indicate their biocompatibility and non-toxicity at a physiological concentration. 

Drug  attached to  MNP may be achieved by covalent binding, electrostatic interactions, 

adsorption, or encapsulation  process. Targeting of drug-MNPs conjugates to diseased tissues, 

depending  on their size and surface chemistry, can be carried out by passive or active 

mechanism. Passive targeting is a result of enhanced vascular permeability and retention 

(EPR) of tumor tissues. Active strategy relies on the attraction of nanoparticle to the affected 

site by using recognition ligands  attached  to the surface of MNPs and by handling of an 

external magnetic field. MNPs coated with long-chain polymers are less cell toxic than MNPs 

coated with shorter polymer chains of the same type. Magnetic nanoparticles promote 

activation of phagocytotic and cytokine-release functions of macrophages. In several reports 

iron oxide was found to accumulate in tissues but without significant histological changes in 

vital organs [122-132].  

It is known that iron oxide NPs can induce oxidative stress by excess of ROS 

production. The response of defense elements leads to increased expression of antioxidant 

enzymes, such as heme oxygenase 1 and superoxide dismutase. 
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1.17. Levan and Levan Derivatives  

Exopolysaccharides (EPSs) are polymers of sugar residues excreted by 

microorganisms into the surrounding environment. These macromolecules have long been 

known to possess a wide range of biological activities, such as antioxidant, anti-mutant,                       

anti-coagulant, immune stimulation, tumor inhibition and stimulation activities depending on 

their monomer compositions, molecular weights and degree of branching as well as on the 

presence of functional groups in their structure [134,135]. Besides these structural features, 

some physical characters such as charge, solubility and conformation of EPSs are also 

important factors affecting their bioactivities [136]. More importantly, since the chemical and 

structural features of EPSs are highly determined by the type of the microbial producer and 

the production conditions. EPSs of each specific microbial system call for individual studies 

to establish their bioactivities. Due to presence of extreme conditions such as acidity, high 

temperature, salinity, it is difficult to keep in original function of biopolymer during industrial 

application. Biopolymers are stable against extreme conditions that are isolated from 

extremophile microorganisms. Halophilic bacteria is one of them which are capable of living 

in low water activity environment because of high salt concentration. Hence, levan produced 

by halophilic bacteria has unique features against extreme conditions [137]. One of the  

important extremophilic levan producer halophilic bacterium is  Halomonas smyrnensis 

AAD6T. Levan  is  a component of natto whose  story has started with  it. Natto is a 

traditional Japanese food that was considered to support healthy and long life. Because of this 

reason, levan has long attracted the interest of researchers looking for natural products with 

health benefits. Among the natural polysaccharides, levan is  fructose-based  polymer which 

can be excreted by microorganisms as exopolysaccharide  or produced in plants for storage 

that is composed of  D-fructo-furanosyl residues  joined together by β(2,6) linkages and β(2,1) 

linkages in core and branch chains, respectively (Figure1.18). Although, different substrates  

produce similar structured levans, the degree of polymerization and branching of the repeating 

unit varies from one to another. The reaction conditions also influence the average size and 

number of branches of the product levan. Relevant reaction factors are enzyme concentration, 

temperature, ionic strength, and the presence of water-miscible organic solvents [138].     

Microbial  levan is synthesized by the action of a secreted levansucrase that directly converts 

sucrose into extracellular polyfructan. Levansucrase catalysed microbial biosynthesis of levan 

is a step by step process starts with transfer of a hexosyl group from a donor molecule to a 

growing acceptor molecule. Single fructofuranosyl units are added to the 6C hydroxyl of the 
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non-reducing fructose terminal unit of a growing levan polysaccharide chain. Compared to 

produced levan from plants, microbial levans are more advantageous, economical and 

industrially feasible with numerous applications. Bacterial levans are much larger than those 

produced by plants and molecular weights ranging of  2000-100000 kDa. However, produced 

levans from plants have molecular weights ranging of about 2-33 kDa.   

Levan has  valuable properties such as high biodegradability, biocompatibility, 

amphiphilicity, renewability, flexibility, and eco friendly. Moreover, levan  offers  anti-

oxidant, anti-inflammatory, anti-carcinogenic, anti-AIDS, hyperglycaemic inhibitor etc.. Also, 

It is a natural adhesive and surfactant and widely used in cosmetic industry in the preparation 

of skin creams, moisturizers etc. The wide range of applications of levan in various industries  

made it a multipurpose polymer.  Large scale production is required for a cost effective 

process and to meet the demands all over the world [139,140].       

 

 

 

 

 

 

 

 

 

             Figure 1.20. Structure of the levan   [139].       

 

Levan is soluble both in water and oil due to its β(2,6) linkage. Although it has  

varying solubility in cold water, it is completely soluble in hot water. Unlike other 

biopolymers, levan does not swell in water. Low intrinsic viscosity and adhesion property 

make it outstanding polymer compared to other polysaccharides. The furanose ring structure 

of levan gives enhanced flexibility to the polysaccharide molecule.  This outstanding polymer 

is insoluble in almost all organic solvents such as methanol, ethanol, isopropanol, n-propanol, 

acetone, methylethylketone, toluene, ethyl lactate, methyl caprylate/caprate, 
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methylpalmitate/oleate, d-limonene, propylene carbonate, ethylene carbonate, 1-vinyl-2-

pyrrolidone, methoxypolyethylene glycol, polyethylene glycol, kerosene, gasoline, dimethyl 

formamide, ethoxyethyl acetate, acetic anhydride and furfuryl alcohol. Other main features of 

levan are non-toxic, ocular non-irritant that is heat stable with a melting point temperature of 

225 ◦C [141-143]. Also, it is definitely non reducing, not hydrolysed by the action of amylase 

and  invertase. 

 

There are many biomedical applications of levan  following as [144-146]. ; 

 Obesity  and hyperlipidemia are suppressed on laboratory rats by adding levan to the 

diets 

 This outstanding polymer  finds  many uses in hair fixative products such as a  hair 

holding ingredient. 

 Levan-based thin films for healing wounds and burned tissue is one of the most 

exciting research application.  

 Levan enhanced biocompatibility was shown by the increased cell attachment and 

proliferation.  

 Inhibit  melanin production by significantly slowing tyrosinase activity, resulting in a 

“beautifully whitening effect”. 

 Levan  has a role in metalloproteinase activation,  a key step in the healing of tissues 

that have been burned or mechanically damaged. 

Polymers obtained from renewable sources have some drawbacks their dominant 

hydrophilic character, fast degradation rate and, in some cases, unsatisfactory mechanical 

properties,  particularly under wet environments.  In order to overcome disadvantages,  levan 

need to be modified to alter their physicochemical properties.  Chemical modifications of 

polysaccharides, such as phosphorylation, sulfonation, oxidation, carboxylation, provide an 

opportunity to increase their biological activities. Polysaccharides have been chemically 

modified in various ways to change their physical or biological properties, thus allowing a 

broader range of applications [147-149]. Modified levan can be a useful material for 

biomedical industry, as well as being  too many application areas as a pure material.  

An aqueous solution or gel of levan phosphonate also maintains its gel integrity when 

frozen and  thawed. At the same time, it is still a gel, retains  its structure up to 100 oC [150]. 

There are an increasing number of reports on levan and its derivatives. Sulfated  linear levan 
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from Halomonas were synthesized and their biocompatibility and anticoagulant activities 

were investigated. Moreover, Sulfated levan were computationally constructed and docking 

simulations to understand the effect of sulfation on levan binding to thrombin and 

antithrombin. Costa et al. (2013) assembled levan-phosphonate and chitosan layer-by-layer to 

form films on glass slides [151]. They investigated the density of cells adhering to                      

chitosan- phosphonated levan films compared with chitosan-alginate films prepared in a 

similar manner. Cells adhered greater numbers to the levan-based films as compared to those 

where the levan was replaced with alginate. Methacrylated with glass nanoparticles showed 

superior adhesive strength to similar beads prepared with alginate [152]. A 

carboxymethylated levan was found to increase the tensile strength of chemically damaged 

hair. Scanning electron micrographs of hair damaged by bleaching showed a decline in the 

lifting of cuticle layers caused by bleaching after the hair had been treated with derivatized 

levan [153]. A patent application is claimed that linking the fructosyl moiety to ascorbic acid 

makes a compound with improved stability to oxidation [154]. Levan or levan phosphonate 

encapsulated nanoparticles are biocompatible, protein-resistant, non-immunogenic and non-

antigenic. Plasma proteins  in the blood,  attach on  the nanoparticles surface and clearance 

mechanism is activated by the macrophage cells before they cannot  reach the target site. A 

possible approach to prolong the circulation of nanoparticles and achieved to targeting is to 

functionalize the surface  of nanoparticles with a hydrophilic and biocompatible biopolymer 

such as levan and levan phosphonate [155].  
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2. MATERIALS AND METHODS 

2.1 . Chemicals  

The chemicals, solutions and equipments used in this study are given below;  

The chemical reagents used in this study are  iron (III) nitrate nonahydrate  (Fe(NO3)3·9H2O) 

(CAS number 7782-61-8), Cobalt(II) nitrate hexahydrate  (Co(NO3)2.6H2O)                                                   

(CAS Number 10026-22-9 ) were purchased from Merck Millipore. Phosphorus trichloride 

(PCI3)  (CAS Number 7719-12-2)    were  purchased from Sigma-Aldrich. Pure Halomonas 

Levan biopolymer was produced at Marmara University Department of Bioengineering as 

described elsewhere (Poli, Kazak et al. 2009). Sodium carbonate (Na2CO3) (CAS Number 

497-19-8) were supplied from Alfa Aesar. Sodium  hydroxide (NaOH) (CAS Number 1310-

73-2) and  Acetic acid (CAS Number 64-19-7) were supplied from JT Baker.  Folic acid                                                     

(CAS Number 59-30-3) was supplied from Sigma-Aldrich. N-(Phosphonomethyl) 

iminodiacetic acid hydrate (PMIDA) (CAS Number 5994-61-6) and N-(3-

Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC)  (CAS Number 25952-53-

8 )  were  purchased from  Sigma-Aldrich. Pyridine (CAS No. 110-86-1) and Ethanol CAS 

No. 64-17-5 were  purchased from Merck Millipore.  Chloroform (CHCI3)  (CAS number 67-

66-3,513-35-9) was purchased from Fisher Chemical. Cetrimonium bromide (CTAB)   (CAS 

Number  57-09-0) was supplied from Sigma-Aldrich. Potassium bromide (KBr) (CAS 

Number 7758-02-3)   was supplied  from Merck Millipore. All reagents were used without 

further purification unless otherwise stated. 

 

 

 

 

 

 

 

 

 

 

http://www.sigmaaldrich.com/catalog/search?term=7782-61-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=10026-22-9&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=7719-12-2&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=64-19-7&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=5994-61-6&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=25952-53-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=25952-53-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=57-09-0&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TR&focus=product
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2.2 . Equipments and Characterization Techniques 

2.2.1 Fourier Transform Infrared Spectroscopy 

Fourier Transform Infrared spectroscopy is an important technique  that  is an easy 

way to identify the presence of certain functional groups in the  gas, liquid, and solid samples.               

FT-IR spectra are obtained by identifying changes in intensity of transmittance or absorption 

as a function of frequency. Functional groups of molecules  absorb at characteristic 

frequencies of infrared radiation. Figure 2.1 shows schematic of   FT-IR. The beam of light is 

passed through a series of mirrors that cause the beam’s individual wavelengths to hit each 

other in a way that allows a sample to absorb some wavelengths, while some are blocked. 

Absorbed light is measured and a computer makes out the absorption rate of each wavelength 

within the beam [156]. 

  

 

 

 

 

 

 

 

 

 

  

 

          

                                  Figure 2.1 Schematic of   FT-IR [157]. 
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2.2.2 X-ray powder diffraction (XRD)  

    

X-ray diffraction is a technique that  analyses solid materials to find out the crystalline 

nature and crystallographic information of the materials along with their structure related 

properties like crystalline or amorhous sizes, lattice parameters. X-rays are electromagnetic 

radiations with characteristic wavelength (λ) and frequency (f)  between the visible light and 

gamma rays. When any electrically charged particle of sufficient kinetic energy decelerates, 

X-rays are produced as a result of this de-excitation. X-rays used for diffraction has the wave 

length  in the range of  0.5Å-2.5 Å that is comparable to the size of an atom [158]. Diffraction 

is occurred by the scattering of X-rays with  a periodic array with long  range order and  

producing constructive interference at specific angles, which contains information about the 

atomic arrangement within the crystal pattern.  The unit cell is the basic repeating unit that 

repeats in all dimensions to fill space and produce the macroscopic grains or crystals of the 

material. The crystal system describes the shape of the unit cell whose size is described by the 

lattice parameters. Angles  and lenghts  of  the cell edges  are the lattice  parameters which  

represent  a  unit cell. The  positions of the atoms inside the unit cell  are measured from a 

lattice point  and it is  described by the set of atomic positions (xi , yi, zi) [13].  Amorphous 

materials do not have a periodic array with long-range order, so they do not produce a 

diffraction pattern. Crystal structures focus on symmetry elements to define the atomic 

arrangement. Symmetry elements are used to define seven different crystal systems 

 

 

 

 

 

 

 

 

                          

                                   Table 2.1.Crystal systems [159].   

            

Diffraction peaks are associated with planes of atoms. Miller indices (hkl) are used to 

identify different planes of atoms. Observed diffraction peaks can be related to planes of 

https://en.wikipedia.org/wiki/Miller_index
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atoms to assist in analyzing the atomic structure and microstructure of a sample.                                      

The working  principle of X-Ray diffraction as suggested by Bragg in 1912 is that the 

diffracted beam is produced by scattering only when certain conditions are satisfied, the law is 

given in Eq. (2.1) [160] : 

 

 

 

                      

 

 

                

 

 

 

                      Figure 2.2   Bragg's law schematics 

             

 

      nλ = AB+BC          AB= BC            Eq. (2.1) 

      AB = dsin (θ) 

                     nλ = 2dsin (θ) 

 

 

 where, λ is the wavelength of X-rays, θ is the angle between the incident rays and crystal 

surface, d is the spacing between distinct planes of atoms. The constructive interference 

occurs when n is an integer. XRD pattern is obtained when a set of parallel and equally 

spaced atomic planes reflect the incident monochromatic beam of X-ray as per the conditions 

set by Bragg’s Law. Bragg’s law provides a simplistic model to understand what conditions 

are required for diffraction. 
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2.2.3 Scanning Electron Microscope (SEM)  

 

Electron microscopy is a technique  that uses a finely focused beam of electrons in 

order to produce a high resolution image of a sample that are too difficult to analyze by 

optical microscopes which uses light. Because, the wavelength of the electron beam is much 

lower than wavelength of the visible light, the magnification of SEM is higher than the 

magnification of optical microscopes [161]. SEM can magnify above 100,000 times while  

light microscopes are only able to magnify approximately 1000 times. Besides, resolution of 

SEM is about 1nm to 20 nm and its images have a three dimensional appearance, which is 

useful method for examining the surface structure of a sample [162]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3.   Schematic of an SEM [163]. 

 

The SEM is composed of  lenses within a vacuum chamber. The electrons are directed 

towards the specimen by these lenses  in order to maximize efficiency. The incident beam  

hits a specimen  and it emits X-rays and three kinds of electrons which  are termed as primary 

backscattered electrons, secondary electrons and Auger electrons. The more electrons  are 

used, the more powerful the magnification [164].  

 



41 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Emission of various electrons and electromagnetic waves  

        from the specimen [165]. 

 

Primary backscattered electrons and secondary electrons are used and these 

rebounding electrons and records their imprint are picked up by an electron recorder.                       

This information is translated onto a screen which allows three-dimensional images to be 

represented clearly [164].  

 

 

 

 

 

 

 

 

 

 

 

                    

                    

      Figure 2.5 Mechanisms of emission of secondary electrons, backscattered  

                                electrons, and characteristic X-rays from atoms of the sample [166]. 
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Traditional SEMs reveal information about the sample's size and topography. But, 

recent advances in technology have allowed researchers to measure energy marker in the 

sample's reaction to the incident beam impact. Then, these energy properties are coded with 

colour and each element producing its own specific marker. Hence, scientists can detect in 

extreme detail like the borders of each element in the sample by referring to those colors. This  

process only works for properly prepared specimen. Metals don't require preparation because 

of  their electric conductor properties. However, non-metal specimens need to be preparation 

with an instrument known as a sputter coater. Sputter coaters provide the specimen with a thin 

layer of conductive material using noble metals such as  Au, Pt, Pd, Pt-Pd, Au-Pd. Because 

noble metals are stable and  has a high secondary-electron yield. In general, thickness of the 

coated film should be a few thickness to 10 nm [167].  Moreover, coating procedure   includes  

the removal of all water. Water molecules evaporate in a vacuum, creating obstacles for the 

clarity of the image.  The SEM uses Energy-Dispersive X-Ray Spectroscopy (EDS) in the 

production of elemental maps, which accurately represent the distribution of elements within 

samples. EDS makes use of the X-ray spectrum emitted by a solid sample bombarded with a 

focused beam of electrons to obtain a  chemical analysis [168]. 

 

2.2.4 Transmission Electron Microscopy (TEM)   

 

Transmission electron microscopy (TEM) is a technique of electron microscopy where 

relatively thin specimens can be analyzed as compared to SEM. Transmission electron 

microscope  is a very powerful insrument for material science in which a high energy beam of 

electrons is shone through a very thin specimen and the interactions between the electrons and 

the atoms can be used to observe properties  such as the crystal structure,  features in the 

structure like dislocations and grain boundaries. TEM also can perform chemical analysis that 

its high resolution properties  can be used to analyze the quality, shape, size and density of 

quantum wells, wires and dots. TEM contains four parts to be electron source, 

electromagnetic lens system, sample holder, and imaging system as shown in Figure 2.6.    

 

 

https://en.wikipedia.org/wiki/Transmission_electron_microscopy
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                             Figure 2.6.   The schematic outline of a TEM [169]. 

.  

TEM is same as the light microscope  that uses electrons instead of light. Because the 

wavelength of electrons is much smaller than that of light, the optimal resolution accessible 

for TEM images is many orders of magnitude better than that from a light microscope [170].  

Thus, TEMs can reveal the finest details of internal structure  in some cases as small as 

individual atoms. Also, difference from the SEM,  relatively thin specimens can be analyzed . 

TEM has  a complex imaging  system that contains  electromagnetic lens system and   screen  

in order to form the highly fine structural details. The electromagnetic lens system consist of 

two lens systems where first one refocuses the electrons after they pass through the specimen, 

the second one  enlarges the image and projects it onto the screen. The screen has a 

phosphorescent plate which shines as electrons hit it. Image is usually  recorded on 

photographic  film [171].  
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2.2.5 Thermogravimetric-Differential Thermal Analyzer                           

(TG-DTA) 

 

The Diamond Thermogravimetric-Differential Thermal Analyzer (TG/DTA) uses for  

thermal analysis of organic and inorganic materials that   allows one to determine whether an 

endothermic or exothermic transition is associated with weight loss in contrast to a melting or 

crystallization process. Equipment combines the high flexibility of the differential 

temperature analysis (DTA) property with proven capabilities of the Thermogravimetric (TG) 

measurement technology. TG/DTA with a high temperature range of ambient temperature to 

1500˚C  and vacuum capable furnace with forced air cooling.  Diamond TG/DTA uses a 

simultaneous thermos analytical technique measuring weight loss/gain with a horizontal 

differential balance and change in temperature or heat flow as a function of temperature or 

time. The heating rate is programmable from 0.01 to 100˚C/min and can operate with various 

purge gasses and flow rates. Figure 2.7 shows the schematic  outline of   TG-DTA 

instruments [172,173].  

 

 

 

 

 

 

 

 

 

 

 

             

                  Figure 2.7.  The schematic  outline of   TG-DTA instruments  
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2.2.6 UV Spectrophotometer    

 

UV/Vis spectroscopy is  used  for the quantitative determination of different analytes 

that  use monochromatic dispersion elements to vary the wavelengths. These instrument 

operates into the near-infrared region as well. Visible  region 400-700 nm spectrophotometry 

is used extensively in colorimetry science. UV/Vis spectroscopic analysis refers to absorption 

spectroscopy or reflectance spectroscopy in the ultraviolet-visible spectral region [174].  

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2.8. Single beam  spectrophotometers [175].   

 

 

The absorption or reflectance in the visible range directly affects the perceived color of 

the chemicals involved that  is generally carried out in solutions but solids and gases can  be 

studied as well.  Scientists use spectrophotometer to measure the amount of compounds in a 

sample. The Beer-Lambert law states that the absorbance of a solution is directly proportional 

to the concentration of the absorbing species in the solution and the path length. If the 

compound is more concentrated more light will be absorbed by the sample.  It measures the 

intensity of light passing through a sample and compares it to the intensity of light before it 

passes through the sample. The ratio I/Io is called the transmittance (%T), the absorbance (A) 

is based on the transmittance,  

 

https://en.wikipedia.org/wiki/Quantitative_analysis_(chemistry)
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Colorimetry
https://en.wikipedia.org/wiki/Absorption_spectroscopy
https://en.wikipedia.org/wiki/Absorption_spectroscopy
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Visible_spectrum
https://en.wikipedia.org/wiki/Color_of_chemicals
https://en.wikipedia.org/wiki/Color_of_chemicals
https://en.wikipedia.org/wiki/Beer-Lambert_law
https://en.wikipedia.org/wiki/Absorbance
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             The Beer-Lambert law;  

A = log10(I/Io) = εcL              Eq. (2.2) 

 

where “A” is absorbance, “Io”  is the intensity of the incident light at a given wavelength, 

“I”  is the transmitted intensity, L the path length through the sample, 

and c the concentration of the absorbing specimen, ε is a constant known as the molar 

absorptivity  for each specimen and wavelength.  According to  the region of interest, samples 

are  performed  in cuvettes. They can be made of glass, plastic or quartz [174].  

 

2.2.7 Atomic-force microscopy  (AFM)   

  

Atomic force microscopy (AFM) is a type of high resolution microscope which is   

capable of measuring images with a nanometer resolution that follows up the topography of 

samples  by recording the interaction forces between the surface and a sharp tip mounted on a 

cantilever. AFM images are in the range of few nanometers for lateral resolution and less than 

1 nm for vertical resolution. AFM produces images from the nonconductors without any 

special preparation as required in SEM and TEM. Also AFM gives direct to 3D images of 

surface structure of the samples. AFM  was invented by Binnig et al. in 1986 and first 

commercially   AFM was introduced in 1989 [176-178].   

 

 

 

 

 

 

 

 

 

                  

           

 

                         Figure 2.9. Schematic of Atomic Force Microscopy [176].   

 

https://en.wikipedia.org/wiki/Absorbance
https://en.wikipedia.org/wiki/Wavelength
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https://en.wikipedia.org/wiki/Molar_absorptivity
https://en.wikipedia.org/wiki/Molar_absorptivity
https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Quartz_glass
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AFM is based on the principle that  a tip,  integrated to the end of the cantilever, is 

brought in  the interatomic separation between the tip and sample.  As the tip moves acros the 

surface, the interatomic potentials, force the cantilever to jump up and down with the changes 

in shapes of the surface. Consequently,  topography of the images  can be mapped out by 

measuring the deflection of  the surface[176].   

 

2.2.8 LCR Meter   

LCR meter  is  a type of electronic test equipment  used to measure the inductance (L), 

capacitance (C), and resistance (R) of an electronic component. Inductance (L) is the property 

of an electric conductor or circuit that causes an electromotive force to be generated by a 

change in the current flowing. Capacitance (C) is the ability of a system to store an electric 

charge. Resistance  (R) is a measure of the difficulty to pass an electric current through that 

conductor.  The capacitance can be increased by inserting a dielectric. If a dielectric material 

is inserted between the plates, the microscopic dipole moments of the material will shield the 

charges on the plates and alter the relation.  Dielectric permittivity decreases with increase in 

the frequency and this phenomenon is called as dielectric relaxation or dielectric dispersion.   

The  dielectric permittivity has two parts known as real and imaginary parts represented as έ  

and ɛ″, respectively. As imaginary part (ɛ″) of the  permittivity represents the losses while 

energy being stored, real  part (έ) of  permittivity represents the energy stored in the 

nanomaterials and its capability to store energy.  

A dielectric   material   behaves as insulator in between the plates of a parallel plate 

capacitor which could be polarized on the application of external electric field. Real part of 

permittivity  can be represented as; 

 

έ = Cd / a Ɛo       Eq. (2.3) 

 

where C is the capacitance of the pellet in farad, d the thickness of pellet in meter, A the 

cross-sectional area of the flat surface of the pellet and e0 the constant of permittivity of free 

space.  

Dielectric losses are accurately similar to the friction losses in the mechanical 

movement. When the mobile charges align themselves on the application of  AC electric field 

the resistance to this polarization is called dielectric losses and is associated with loss of 
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energy. The dielectric loss factor (ɛ″)  is   measured in terms of tangent loss factor (tanδ) 

defined by the relation ; 

 

 

       ɛ″ = tanδ . έ      Eq. (2.4) 

 

The tangent of dielectric loss angle can be calculated using the relation  

 

 

tan δ = 1 / 2πfRsCs  Eq. (2.5) 

 

where δ is the loss angle, f  is the frequency, Rs is the equivalent series resistance and Cs is the 

equivalent series capacitance [179,180] .  

 

2.2.9 Vibrating Sample Magnetometer (VSM) 

 

Vibrating sample magnetometer (VSM) is an instrument which is used to measure the 

change of  the magnetic properties of materials with the applied magnetic field in terms of 

hysteresis loop. The VSM was first described by Foner [181].  The instrument  displays the 

magnetic moment in e.m.u. units. Powders, solids, liquids, single crystals, and thin films are 

able to perform with a VSM. The VSM operation is  easy  like that   magnetic sample is 

placed on a long rod and operated by a mechanical vibrator. The rod is positioned between the 

pole parts of an electromagnet on which detection coils have been mounted. The oscillatory 

motion of the magnetized sample will stimulate  a voltage in the detection coils. The induced 

voltage is proportional to the sample’s magnetization which can be varied by changing the   

magnetic field produced by the electromagnet [182].  
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           Figure 2.10. The schematic  outline of   VSM [183]. 

 

2.2.10 Fluorescence Spectrofotometer 

 

Fluorescence spectrometer is a fast and simple instrument to determine the 

concentration of an analyte in solution based on its fluorescent properties [184].The  sample  

is first excited  by absorbing a photon from its ground electronic state to one of the various 

vibrational states in the excited electronic state. Collisions with molecules cause the excited 

molecule to lose vibrational energy until it reaches the lowest vibrational state of the excited 

electronic state. Then, the sample drops down to the ground electronic state and emitting a 

photon in the process. The emitted photons have different energies and frequencies. 

Therefore, in fluorescent spectroscopy, the different frequencies and relative intensities of 

emitted light, the structure  of the different vibrational levels can be determined. The 

concentration of the analyte is directly proportional with the intensity of the emission [185].  

                       

https://en.wikipedia.org/wiki/Photon
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                                    Figure  2.11.  Scheme of fluorimeter        

                   

The Figure 2.11 shows scheme of fluorimeter. The sample is located at the 

intersection of the two beam paths and the light source is in 90ο angle with the detector [184]. 

 

2.2.11 Contact Angle Goniometer 

 

Goniometer is an instrument that measures the contact angle. First commercial   

goniometer was  designed by W.A. Zisman in the early 1960.  The most widely used  contact 

angle measurement technique is a direct measurement of the tangent angle at the three-phase 

contact point on a sessile drop profile. The contact angle is a quantitative measure of the 

wettability of the surface, represented by the angle at which a liquid or vapor interface makes 

with a solid surface. The angle is specific and determined by the interactions across the three 

interfaces. Wettability studies usually involve the measurement of contact angles as the 

primary data, which indicates the degree of wetting when a solid and liquid interact.Typically, 

the contact angle is illustrated by a drop of liquid on the surface. Contact angle values yield an 

important parameter, which quantifies the wetting characteristics of a solid material. Small 

contact angles ( 90°) correspond to high wettability, while large contact angles  ( 90°) 

correspond to low wettability. Figure  2.12.   shows quantitative measure of the wettability of 

the surface [187,188]. 
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 Figure  2.12.   Contact angle range from 0o to 180o  

 

2.3    Synthesis of Levan Phosphonate  

 

For the production of phosphonated levan, 4 g of levan was be dissolved in 100 mL of 

pyridine by vigorously mixing on a magnetic stirrer for 48 hours at ambient conditions and 

then the solution was  cooled down to 0 ºC in  ice bath. 4 mL of PCl3 was added slowly in a 

drop wise  manner to the well-stirred  solution at 0 ºC. After stirring for 30 min under ambient 

conditions, 100 mL of saturated Na2CO3 was added. The aqueous phase containing the 

modified polymer was separated and freed from pyridine and then subjected to dialysis using 

Spectra Por ®Dialysis Membrane cut of: 2 kDa against distilled water for at least four 

consecutive days with frequent exchanges of the  solvent (3-5 times per day) [151]. Final 

samples are freeze  dried and characterized by FT-IR, SEM- EDS and AFM. 

 

 

 

 

 

       Figure 2.13  Reaction scheme of phosphorylated levan  
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2.4 . Synthesis of CoFe2O4   Nanoparticles  

2.4.1 Temperature effect of CoFe2O4 Synthesis  

 

Nano ferrites were synthesized by co-precipitation method. For this purpose, 

stoichiometric amounts of Co(NO3)2.6H2O and Fe(NO3)3.9H2O were dissolved in 100 mL 

deionized water seperately and then mixed together. While stirring the mixture, it was heated 

to 75oC. At 75oC, 100 mL of 1.5M NaOH solution was added for first sample. The stirring 

continued further for another 45 minutes at 75oC to get narrow size distribution and 

chemically homogeneous ferrite particles. The pH was also maintained at around 12. 

Subsequently,  precipitates were washed with distilled water, for removing salt. The products 

were dried in an electric oven and then sintered at 600oC for 6 hours. For  2nd, 3rd, and 4th, 

samples, this process was performed at 80oC, 85 oC, and  90 oC, respectively. The method is 

known to produce ferrite particles in nano range successfully [189]. The final products were 

characterized by using XRD, FT-IR, SEM-EDS, AFM, VSM, and LCR meter to determine 

for morphology, topography, crystal structure, particle sizes, elemental composition and 

magnetic properties. 

 

2.4.2  pH  Effect of CoFe2O4 Synthesis 

 

To analyze the effect of pH, first, stoichiometric amounts of Co(NO3)2 .6H2O and 

Fe(NO3)3 .9H2O were dissolved in 100 mL deionized water seperately and then mixed 

together. While stirring the mixture, it was heated to 85oC. At 85oC, 12 mL of 1.5M NaOH 

solution was added for first sample. The stirring continued further for another 45 minutes at 

85oC to get narrow size distribution and chemically homogeneous of ferrite particles. The pH 

was also maintained around 6. Subsequently, precipitates were washed with distilled water for 

removing salt. The product was dried in an electric oven and then sintered at 600oC for 6 

hours. For  2nd , 3rd , and 4th  samples, this process was performed at 85 oC, added 14mL, 

16mL, and 18mL  NaOH  respectively. The end of process,  pH of  1st, 2nd, 3rd, 4th  samples  

were 6, 8, 10, and 12, respectively [189]. Finally, all products were characterized by using 

XRD, FT-IR, SEM-EDS, AFM, VSM and LCR Meter to determine for morphology, 

topography, crystal structure, particle sizes, elemental composition and magnetic properties. 
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2.4.3 Determination of Annealing Temperature of CoFe2O4 

 

Annealing is heating a material  above  crystallization temperature, maintaining a 

suitable temperature and then cooling to ambient temperature which alters the physical and 

sometimes chemical properties of a material. Because crystal size is related to annealing 

factor, it is important to find out optimum annealing temperature range. TG-DTA analyses of 

CoFe2O4 nanoparticles were conducted to get optimum annealing temperature    using    

Perkin Elmer Diamond TG-DTA  anaylzer System. TG-DTA measurements  were performed 

at a 10˚C heating rate from 25˚C to 900˚C under nitrogen  atmosphere. 

 

2.5 Attachment of Functioanal Groups 

2.5.1 –COOH modification of CoFe2O4 Nanoparticle Surfaces  

 

             CoFe2O4  nanoparticles were synthesized according to our reported procedure. 

Successfully produced CoFe2O4 nanoparticles  were dispersed in distilled water.  For surface 

modification of nanoparticles,  0.23 gr CoFe2O4  was suspended in 30 ml dH2O for 30 minutes   

by using  Labsonic M ultrasonic homogenizer  and  0.23 gr N-phosphonomethyl 

iminodiacetic acid (PMIDA) was  dissolved in 30mL dH2O at pH 10.  Suspended CoFe2O4  

and  dissolved PMIDA were mixed with each other and then sonicated for 60 minutes at pH 

8.2. Suspension was dried at 50 °C till all solvent was removed. Modified nanoparticles were  

seperated  from excessive chemicals by using magnet. Modified nanoparticles were analyzed 

using  FT-IR, UV and Floro spectrophotometer to determine funtional groups and floresance 

properties [190].  Reaction scheme is shown in   Figure 2.14. 

 

                                                                                                                    

                     

 

 

                                       

 

Figure 2.14.  CoFe2O4–PMIDA nanoparticles 

 

              

https://en.wikipedia.org/wiki/Recrystallization_(metallurgy)
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2.5.2 Activation of  -COOH Modified  CoFe2O4 Nanoparticles   

 

PMIDA attached CoFe2O4 were suspended in deionized water by using sonicator. 

Sonicated nanoparticles in water were acidified with 1.5 M acetic acid and pH was maintained 

between at 4 and 5. CoFe2O4-PMIDA was activated by EDC and then the reaction mixture 

was stirred for 3–4 h. The EDC activated magnetic nanoparticles were washed a few times 

with dH2O in order to remove unreacted EDC. Activated nanoparticles were recovered by 

magnetic separation with magnet [190].   

 

2.6 . Conjugation of Folic Acid on Activated Magnetite   Nanoparticles 

 

For conjugation of Folic Acid on magnetite nanoparticles, 20 mg of a EDC activated  

magnetic nanoparticles were treated with 4 mg Folic Acid in 20 ml dH2O and the resulting 

solution was stirred overnight at room temperature. After overnight, Folic acid tagged 

magnetic nanoparticles were centrifuged and precipitated, washed  few  times with dH2O 

[190]. Washed precipitates were freeze-dried for further process. Modified nanoparticles were 

analyzed for functional groups present by FT-IR .  Reaction scheme is shown in Figure 2.15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          Figure 2.15.  Synthesis of  nanoparticles CoFe2O4-PMIDA-FA 
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2.7  Encapsulation of CoFe2O4- Folic Acid   

Organic  and aqueous solutions were formed for encapsulation of nanoparticles. 100 

mg CTAB was dissolved in 100 mL chloroform and stirred with  mechanical stirrer 

vigorously. And then, aqueous solution was formed as follows; 100mg  Levan Phosphonate  

and  100mg CoFe2O4 - Folic Acid  were dispersed  in 100 mL dH2O and this suspension  was 

added into the organic phase dropwise while organic phase was stirring vigorously. Black 

samples were formed at organic-aqueous interface at the two phase equilibrium. These black 

samples were the encapsulated nanoparticles that were separated from organic and aqueous 

phases. At last, Separated samples were freeze-dried and chacterized by using FT-IR, TEM, 

SEM.  

 

 

 

 

 

 

  

 

 

 

 

                 Figure 2.16.  Encapsulation of  nanoparticles CoFe2O4-PMIDA-FA 
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3. RESULTS AND DISCUSSION 

3.1. Characterization of Levan phosphonate 

3.1.1. FT-IR comparison between Levan and Levan Phosphonate 

Levan has industrial importance, which proposes a variety of industrial applications in 

the fields of pharmaceuticals, cosmetics and foods.  Modified  levan   can be  a useful material 

for biomedical industry, as well as being  too many application areas as a pure material. The 

FT-IR spectrum (Figure 3.1) showed that several stretching vibration bands were detected: 

the hydroxyl (OH) stretching vibration bands around   3200 cm-1, two bands around  2900 cm-

1 - 2930 cm-1 corresponding to carbon-hydrogen  (C-H) stretching vibration of fructose 

residues, bands in the region of 1430 cm-1 that were assigned to C-H  plan deformation 

vibration combined with aromatic skeletal vibrations, bands at  1120 cm-1 and 1000 cm-1 that 

were dominated by the stretching vibrations of the glycosidic linkage contributions of  C-O-C 

and  C-O-H, as well as the 920 cm-1 band resulting from the stretching vibration of pyran ring. 

These bands are all characteristic of levan polysaccharides reported earlier [191].  By 

comparison, in the FT-IR spectrum of Ph-levan, more bands could be identified: a band at 

2360 cm-1 corresponding to the P–H bond, another one at 1200 - 1100 cm-1 corresponding to 

the P=O bond, a shoulder at 1045 cm-1 attributable to the P–OH  bond and bands around 875 

cm-1 corresponding to the P–O–C bonds [192-194]. The bands respective to phosphate groups 

are highlighted with grey background in which  augmented spectra  is between 700 and  1000 

cm-1.  

 

 

 

 

 

 

 

   Figure 3.1  FT-IR spectra of levan samples (red line) and phosphonated levan (black line).  
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3.1.2. EDS results of   Levan-phosphonate 

EDS was performed to check elemental composition  for further evaluate the 

efficiency of the modification . Table 3.1 showed atomic ratio of levan phosphonate. A peak 

of phosphorus was detected in Fig. 3.2 and the EDS analysis resulted in an atomic ratio of   

C:O:P = 41:55:4.  Costa et all.  also reported that  synthesized levan phosphonate   EDS 

analyses  was 44:51:3 [151]. Elementel ratio are different from each other. These difference 

may be caused from reaction conditions, chosen analyses area or using different instrument . 

Because levan is a microbial biopolymer and it is difficult to control its molecular weight and 

branching parameters. Hence,  FT-IR and EDS results  both showed that  phosphonate 

modification of levan was achieved. 

   Fitting Coefficient : 0.8899 

Element (keV) Mass% Error% Atom%    K 

C K 0.277 32.96 1.70      41.03 16.0652 

O K 0.525 58.92 4.15      55.05 68.8509 

P K 2.013 8.12 1.80        3.92 15.0839 

Total  100.00 100.00   

                                

                         Table 3.1. Atomic ratio of levan phosphonate    

 

 

                       

 

 

 

                      

                     Figure. 3.2.   ZAF Method Standardless Quantitative Analysis 
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3.1.3. AFM and Contact Angle Analyses of Levan- phosphonate 

 

Nanoparticles have unique properties that are directly correlated to their size, shape 

and size distribution. AFM  has been broadly applied to material surface inspections including 

topography survey, roughness analysis and structural research. AFM imaging was measured 

by JEOL, JSPM-5200 microscope at room temperature. Samples were made suspension  with 

dH2O. Two drops of the suspended  sample solutions was immediately spread on 10 x 10 mm 

glass slide`s surfaces. The sample was then allowed to dry under the 250 watt bulb for 15 

minutes. AFM  measures the nanometer-scale topography of surfaces through direct contact 

between a sample surface and a probe tip mounted on the end of a cantilever microbeam. The 

cantilever peak frequency was 183.798 kHz and the image resolution was 512 x 512  pixels. 

AFM image of the levan phosphonate  is shown in  Figure 3.3. The measured surface 

roughness is represented by two-dimensional (A) and three-dimensional images (B). The 

detailed roughness parameters of the below mention films are summarized in Table 3.2.  

 

 

 

 

 

                                 

                                 

 

                                     Figure 3.3. AFM image Levan Phosphonate 

 

Rq parameter   (The root-mean-square roughness) and average roughness (Ra) of thin 

film surface are  important parameters  to evaluate the topography of surface features.   

Paramaters from Table 3.2 and 3D images showed that levan phosphonate films   roughness 

biopolymer. The morphology of levan phosphonate  is quite similar  with levan thin films 

obtained by MAPLE exhibiting a spatial orientation [195]. Changes of surface roughness and 
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chemical composition   can effect the values of contact angle and as a result also wettability.  

Determination of wettability is based on the measurement of the material surface contact 

angle. Static water contact angle was measured by sessile drop analysis                                            

(DSA 10, KRÜSS gmBH) to investigate the wettabilities of the film samples. To get film 

samples, LPh was dissolved in the solvent. Homogen LPh solutions was dropped on the clean 

polished surface.  As the solvent evaporated thin film LPh was obtained. A drop of water  was 

placed by a  microsyringe on the  surface of the dry levan phosphonate and its image was 

captured by a video camera. 3 measurements were taken for each sample. Small contact 

angles (less than 90°) correspond to high wettability, while large contact angles (equal or 

larger than 90°) correspond to low wettability [187].  Levan phosphonate contact angle image 

was shown in  Figure 3.4. It is shown that levan phosphonate's contact angle is 60° which is 

smaller than 90° corresponding to high wettability 

 

Image information   

Ra     =  0.251 nm 

Rzjis =  1.99 nm 

S       =  4.38 um2 

Rq        =  0.316 nm 

Rz         =  2.06  nm 

S ratio   = 1.00 

 

                        Table 3.2 Roughness parameters of levan phosphonate  

 

 

 

 

 

 

 

 

                                Figure 3.4. Contact Angle of  Levan Phosphonate 
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3.2. Characterization of CoFe2O4 

3.2.1. Characterization of Temperature Effect   

3.2.1.1. Structural analyses by FT-IR  and XRD  

 

FT-IR spectra of the samples were recorded on a FT-IR, Perkin Elmer 100 series 

spectroscopy measurements  were conducted between 350 and 4000 cm-1. The samples were 

prepared by compaction of small amount of nano composite powder with KBr powder in a 

hydraulic press that analyzed for functional groups present. 

  

 

 

                              

 

 

 

                        

                  Figure 3.5.   CoFe2O4 nanoparticles synthesized at 85 oC at pH12 

 

According to the geometrical configuration of the oxygen nearest neighbors, the metal 

ions are usually situated in two different sublattices in ferrites, designated as the tetrahedral 

and octahedral sites [196].  Two main broad metal–oxygen bands are seen in the FT-IR 

spectra of studied pattern that are 590 cm-1 large band  and 400 cm-1 bands. These two bands    

attributed the band around 590 cm-1 to the intrinsic vibration of tetrahedral                         

metal–oxygen complexes and the band around 400 cm-1 to the intrinsic vibration of octahedral 

metal–oxygen complexes. The 590 cm-1 band is high frequency that is caused by stretching 

vibrations of tetrahedral metal–oxygen band and 400 cm-1  band is low frequency absorption 

band that   is caused by the metal–oxygen vibrations in octahedral sites [197]. The difference 

in frequencies of high and low frequency bands  is due to changes in the bond length  Fe3+ – 

O2- at tetrahedral and octahedral sites [198]. Gabal et al. also reported that two characteristic 

ferrite bands appeared in 400 cm-1 and  590 cm-1 [199]. 
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The XRD patterns were taken using CuKα  (λ= 1.5406A˚ )  radiation in   2θ range 20–

80˚ at room temperature. Chemical  co-precipitation seems to be   convenient for the synthesis 

of nanoparticles because of its simplicity and better control over crystallite size and other 

properties of the materials. Figure 3.6 shows the XRD peaks of Cobalt Ferrites. XRD patterns  

of CoFe2O4  nanocrystals  show the specific crystallographic plane of CoFe2O4, (220), (311), 

(400), (422), (511), (440). The crystalline sizes were calculated using Scherrer formula 

considering the most intense peak  (3 1 1) [200].  Analysis of the diffraction pattern of all the 

samples confirmed the formation of spinel cubic structure. Crystallographic  planes of SE80 

and SE85 patterns  are noisier than SE75 and  SE90. The values of crystallite size are 

tabulated in Table 3.3 which shows  average crystal size of CoFe2O4 and SE75, SE80, SE85, 

SE90  are corresponding to synthesized nanoparticles at 75oC, 80oC, 85oC, 90oC, respectively. 

All the samples were prepared under identical conditions, the crystallite size varied with 

reaction temperature.  The above observation tells us that crystal size was 20nm at  75 oC.  

Increased process temperature   made crystal  size 13 nm with  5oC   temperature difference. 

So, Crystal size was 11 nm at 85 oC. At 90 oC, its crystal size again increased that was 18nm. 

As a result, the crystal size growth of the particles is affected by the reaction  temperature. 

Prabhakaran et al. also show that the reaction temperature plays a critical role in controlling 

the rate of nucleation. But, they are reported crystallite size were calculated by using the 

Rietveld method  and sizes are  increased with increasing temperature unlike our results [201].  

The crystalline sizes were calculated and SE85 was chosen as the optimum process conditions 

for CoFe2O4 synthesis for XRD results.  

 

 

             

 

 

               Table 3.3. Average Crystal Size of  CoFe2O4 at varied temperatures at pH12.   

 

 

http://02105kw27.y.http.www.sciencedirect.com.proxy2.marmara-elibrary.com/science/article/pii/S0272884217301037?np=y&npKey=8676bada0455fb76e8ee012866eaedbd3d33c5062c9df0be5d29547cc212f5c2
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                 Figure 3.6 XRD peaks of  CoFe2O4  synthesized at varied temperature.          

                         

3.2.1.2. AFM Analyses 

Metal nanoparticles properties are directly correlated to their size, shape and size 

distribution. Atomic Force Microscopy has been widely  applied to particle size determination 

and  surface roughness analysis. AFM imaging was measured by JEOL, JSPM-5200 

microscope at room temperature. Samples were made suspension  with ethanol. Two drops of 

the suspended sample solutions were immediately spread on 10 x 10 mm glass slide`s 

surfaces. The sample was then allowed to dry under the 250 watt bulb for 15 minutes. AFM  

measures the nanometer-scale topography of surfaces through direct contact between a sample 

surface and a probe tip mounted on the end of a cantilever microbeam. The cantilever peak 

frequency was 169.544 kHz and the image resolution was 256 x 256 pixels.                            
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All  the samples were prepared under identical conditions except process temperature.                  

Figure 3.7 shows the topography of CoFe2O4  at varied temperature. The information about 

the surface microstructure of the cobalt ferrite is obtained from the three dimensional (3D) 

AFM images and histograms. It can be seen from the figure and histogram that particles are 

spherical with average size less than 30 nm. Spherical  nanoparticles were  also confirmed by 

using AFM image by Srivastava et al.[202].   This images show that the samples under 

investigation have uniform morphology and   nanoparticule size is around  20nm, 10nm, 3nm, 

8nm  for reaction temperature at 75oC, 80oC, 85oC, 90oC, respectively. AFM results have in 

good agreement with XRD data within experimental errors. As a result, AFM images  showed 

that SE85 was optimum process conditions for CoFe2O4 synthesis.      
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          Figure 3.7 Topography of  CoFe2O4 synthesized at varied temperature 
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3.2.1.3. SEM – EDS Analyses 

The morphology and the particle size of the samples, prepared by co-precipitation 

technique, influence the morphologic structure  and elemental ratio properties of the materials 

that were determined by scanning electron microscopy (SEM). SEM analysis was performed 

on a JEOL Model JSM6490A using secondary electrons at 20kV with X50k and X100k 

magnificence to investigate the homogenity, morphology and the particle size of   

nanoparticles. Samples were made suspension with ethanol. Two drops of the suspended  

sample solutions was immediately spread on 10*10 mm glass slide`s surfaces. The sample 

was then allowed to dry under the 250 watt bulb for 15 minutes. The last step, slides were 

prepared by sputter coating with gold to ~5×10−6 cm in thickness using SC7640 sputter coater 

(QuorumTechnologies, Newhaven, UK) under high vacuum, 0.1 Torr, 1.2 kV, and 50mA at 

25oC.  Figure 3.8 shows morphology  of  CoFe2O4  prepared under identical conditions except 

reaction  temperature . All figures indicate that the nano-sized CoFe2O4 are spherical in shape. 

At the same time, SE75, SE80, SE85 exhibited homogeneous distribution, while SE90 

exhibited particle  agglomeration. The values of particle size are   tabulated in Table 3.4.  

Nanoparticules  size of CoFe2O4 are around 16nm, 17nm, 20nm, 21nm  for process 

temperature at 75oC, 80oC, 85oC, 90oC, respectively. R. Safi et al. also reported CoFe2O4 

nanoparticles show spherical, homogeneous distribution and average particle sizes are 

approximately within the range of 34–40 nm [203] . 

 

 

    

 

         

 

 

         

              Table 3.4. Average particle size of CoFe2O4 at varied   temperatures                                                                             

 

  

 

Sample Name  Process Temperature (oC)     Average Particle Size 

   SE75                                                                  75 oC                                16 nm 

   SE80                      80 oC                                17 nm 

   SE85                      85 oC                                20 nm 

   SE90                      90 oC                                21 nm 
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 Figure 3.8 Morphology  of  CoFe2O4 synthesized varied temperature at pH12 

 

Elemental analysis of the CoFe2O4  materials synthesized varied process temperature  was 

estimated by Energy Dispersive Spectroskopy (EDS). EDS analysis was performed on a 

JEOL Model JSM6490A using secondary electrons at 20kV with 50X magnification to 

investigate the quantitative ratio of elements. The values of atomic ratio  are   tabulated in 

Table 3.5.     The  EDS analysis resulted in   atomic ratio of   Co:Fe:O = 13:24:63 for SE75;  

Co:Fe:O = 14:28:58  for SE80; Co:Fe:O = 13:24:63  for SE85; Co:Fe:O = 16:29:55  for SE90. 

Elementel ratios are almost same with each other. These small differences may be caused 
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from fitting coefficient of samples.  Hence,    EDS results   showed that   CoFe2O4  

nanoparticles synthesized varied temperature were  achieved. R. Safi et al. also reported  that 

the EDS spectra of the synthesized CoFe2O4 ferrite nanoparticles  results proved the existence 

of the main  elements in all samples whose  Co:Fe:O atomic ratio is 12:19:69 [203] . 

 

                              

 

 

 

 

 

 

 

 

 

 

        Table 3.5 Quantitative Analysis of CoFe2O4 

 

3.2.1.4. Dielectric Permittivity and Dielectric Losses 

 

The   dielectric constant, dielectric loss and tangent loss factor for all the cobalt   

ferrites nanoparticles have been studied as  a function of frequency in the range 100 Hz                     

to 5 MHz at room temperature using Wayne Kerr 6500B LCR Meter Bridge. The room 

temperature dielectric constant as a function of frequency from 100 Hz to 5 MHz for                        

Co ferrite nanoparticles synthesized at different temperature is shown in Figure. 3.9  that  was 

determined using  Eq. (2.3). The  dielectric constant  has lowest value  at 75oC while  the  

highest value is at 80 oC. The   dielectric constant performed at 90 oC, is lower than at 85 oC. 

Dielectric constant  highly  depends on frequency that decreases with increase of frequency 

for every samples which is a  characteristic behaviour of most of the ferrite materials [208]. 

Element  

SE75 SE80 SE85 SE90 

Fitting 

Coefficient : 

0.6942 

Fitting 

Coefficient : 

0.6981 

Fitting 

Coefficient : 

0.7161 

Fitting 

Coefficient: 

0.6883 

 Mass 

%  
Atom% 

 

Mass 

%  

Atom% 
 Mass 

%  
Atom% 

 Mass 

%  
Atom% 

O 31.89 62.49 27.49 57.42 32.04 62.66 25.54 54.97 

Fe 43.56 24.45 47.03 28.13 43.05 24.12 47.16 29.08 

Co 24.55 13.06 25.48 14.45 24.91 13.22 27.3 15.95 
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At 5MHz frequency it is very small and becomes independent of frequency. The change in the 

dielectric constant of ferrites is mostly attributed to the variations in the concentration of Fe2+ 

[204]. A  dielectric material consists of two different layers in which the well conducting 

grains are separated by poorly conducting grain boundaries.  The high value of dielectric 

constant at lower frequency emerges from the grain boundaries since grain boundaries are 

dominant at lower frequency region whereas the grains are dominant at high frequency region 

[205]. The observed variation in dielectric constant may be understood on the basis of space 

charge polarization. The space-charge polarization occurs due to the diffusion of ions, along 

the external field direction, so it is  giving rise to redistribution of charges in the dielectric 

substances. The  subsequent charge build-up at the insulating grain boundary is a major 

contributor to the dielectric constant in ferrites. Hence, the more   Fe2+ ions in the ferrite  the 

more,   space charge polarization expected due to the ease of electron transfer between  2+ 

and  3+ charged ions. Thus,  the dielectric constant is expected to decrease with the higher 

reaction temperature effect as a result of the space charge polarization [206]. Manikandan et 

al. are also reported that has a  same result with earlier observations of other researchers about  

ferrites [204].   
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                 Figure 3.9 Variation of dielectric constant  with ln f  of CoFe2O4   

              nanoparticles at room temperature. 

 

Dielectric loss is an important part of the total core loss in ferrite nanoparticles. The 

low dielectric losses are  desirable  for low core loss. The room temperature dielectric loss as 

a function of frequency from 100 Hz to 5 MHz for  Co ferrite nanoparticles synthesized at 

different temperature is shown in Figure. 3.10 that was determined using  Eq. (2.4). The 

dielectric loss profiles are similar to dielectric constant. The increase in hoping electrons 
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result in a local displacement in the direction of the extent electric field that  causing an 

increase in electric polarization enhances dielectric loss. Hudson [207] shows that the 

dielectric losses in ferrite is reflected in the conductivity measurements where the materials of 

high conductivity exhibiting high losses [212]. 
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                      Figure 3.10 Variation of dielectric loss with lnf of CoFe2O4   nanoparticles 

 

3.2.2.  Characterization of pH  Effect 

3.2.2.1. Structural analyses by FT-IR  and XRD  

 

 FT-IR spectra of the samples were recorded on a FT-IR, Perkin Elmer 100 series 

spectroscopy measurements  were conducted between 350 and 4000 cm-1. The samples were 

prepared by compaction of small amount of nano composite powder with KBr powder in a 

hydraulic press and pellets were made which were analyzed for functional groups present. 

   

 

 

              

                    

 

 

                           Figure 3.11.   CoFe2O4 nanoparticles synthesized at 85 oC 
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The XRD patterns were taken  using  CuKα (λ= 1.5406A˚) radiation in 2θ range 20–

80˚ at room temperature. Figure 3.12 shows the XRD peaks of cobalt ferrites.  XRD patterns  

of CoFe2O4  nanocrystal  shows the specific crystallographic plane of CoFe2O4 , (220), (311), 

(400), (422), (511), (440). The crystalline sizes were calculated using Scherrer formula 

considering the most intense peak (3 1 1) [200]. Prabhakaran et al. also reported same results 

that all samples can be indexed as the single-phase cubic spinel structure and no additional 

phase was detected [201]. The noisy of crystallographic plane of samples    are  getting 

decrease with increasing pH.  As a result, analysis of the diffraction pattern of all the samples 

confirmed the formation of spinel cubic structure. Chemical co-precipitation seems to be   

convenient  for the synthesis of nanoparticles because of  its simplicity and better control over 

crystallite size and other properties of the materials. All the samples were prepared under 

identical conditions, the crystallite size varied with increased pH.  The values of crystallite 

size are also tabulated in Table 3.6 . Average crystal size of CoFe2O4   are 14, 10, 14, 13 for  

at  pH 6, pH 8, pH 10,  pH 12, respectively. Figure 3.12 show that sample PH12 has  sharp 

crystal peak as compared other pH  values.  Crystal size of nanoparticles samples  around                  

13-14 nm.  As a result, the crystal size and crystal structure of the particles is affected by the  

pH difference. K. Praveena et al. reported that the  reaction pH plays a critical role for 

synthesizing nanoparticles. But, they reported that crystallite sizes are  increased with 

increasing pH value  unlike our results [209]. In crystalline materials atoms are periodically 

arranged but in amorphous materials atoms are randomly arranged. Diffraction pattern with 

sharp peaks are related to crystalline nanoparticles. Hence,  sample  pH12 has sharper peak 

and smaller crystal size compared to other pH values that is optimum process conditions for 

nano size CoFe2O4 synthesis. 

 

http://02105kw27.y.http.www.sciencedirect.com.proxy2.marmara-elibrary.com/science/article/pii/S0272884217301037?np=y&npKey=8676bada0455fb76e8ee012866eaedbd3d33c5062c9df0be5d29547cc212f5c2
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Figure 3.12  XRD peaks of  CoFe2O4 synthesized at varied pH at 85oC  

 

 

 

 

 

                   Table 3.6 Average Crystal Size of  CoFe2O4  for varied pH at 85oC 

             

Sample 

Name  
   pH (aproximately)             Average Crystal  Size 

   PH6                                                             6                                 14 nm 

   PH8                  8                                 10 nm 

   PH10                  10                               14 nm 

   PH12                  12                               13 nm 

  

SE80
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3.2.2.2. AFM Analyses 

AFM  measures the nanometer-scale topography of surfaces through direct contact 

between a sample surface and a probe tip mounted on the end of a cantilever microbeam. The 

cantilever peak frequency was 169.544 kHz and the image resolution was 256 x 256  pixels. 

Although, all the samples were prepared under identical conditions except pH parameter. 

Figure 3.13 shows that topography of  CoFe2O4  at at varied pH. Metal nanoparticles 

properties  directly correlate to their size, shape and size distribution. Atomic Force 

Microscopy has been widely applied to particle size determination and  surface roughness 

analysis. AFM imaging was measured by JEOL, JSPM-5200 microscope at room 

temperature. Samples were made suspension with ethanol. Two drops of the suspended 

sample solutions was immediately spread on 10 x 10 mm glass slide`s surfaces. The sample 

was then allowed to dry under the 250 watt bulb for 15 minutes. Complimentary information 

about the surface nanostructure of the cobalt ferrite is obtained from the 2D dimensional, 3D 

dimensional AFM images and histograms. It can be seen from the figure and histogram that 

particles are spherical with average size less than 10 nm. These images show  that the samples 

under investigation have uniform morphology and nanoparticule size is around  8 nm, 8 nm, 5 

nm, 2 nm   at pH6, pH8, pH10, and pH12, respectively. Jagminas A. et al. also reported that     

the nanoparticles made in all investigated solutions are spherical and usually ultra small [210].  

As a result, all AFM images  and   histograms  showed homogen dispersion and spherical 

nanoparticles. The higher pH value samples, the easier and rapidly separation from 

supernatant. pH 12 sample  has smaller particle size compared to other pH values that can be 

regarded as optimum process conditions for CoFe2O4 synthesis. 
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Figure 3.13   Topography and histograms of  CoFe2O4  synthesized at varied pH. 
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3.2.2.3. SEM-EDS analyses   

All samples were synthesized   under identical conditions except pH parameter by 

using co-precipitation method. All samples were made suspension  with ethanol. Two drops 

of the suspended  sample solutions was immediately spread on 10*10 mm glass slide`s 

surfaces. The sample was then allowed to dry under the 250 watt bulb for 15 minutes. The last 

step, slides were prepared by sputter coating with gold to ~5×10−6 cm in thickness using 

SC7640 sputter coater (QuorumTechnologies, Newhaven, UK) under high vacuum,                         

0.1 Torr, 1.2 kV, and 50mA at 25oC. SEM analysis was performed on a JEOL Model 

JSM6490A using secondary electrons at 20kV with 50000X and 100000X magnification to 

investigate the homogenity, morphology and the particle size of   nanoparticles which                                                 

Figure 3.14 shows morphology  of  CoFe2O4  nanoparticles at varied pH. All figures indicate 

that the nano-sized CoFe2O4 are spherical in shape and homogeneous distribution. The values 

of particle size are   tabulated in Table 3.7. Nanoparticules  size of CoFe2O4 are around 17nm, 

17nm, 18nm, 19nm for pH 6, pH 8, pH 10, pH 12, respectively. R. Safi et al.  also reported 

CoFe2O4 nanoparticles show spherical, homogeneous distribution   at  pH 12 [203]. 

 

 

    

 

         

 

 

               Table 3.7. Average particle size of CoFe2O4 for varied pH 

 

                                                  

 

 

 

 

 

Sample Name        pH (approximately)                 Average Particle Size 

  PH6                                                              6                                        17nm 

  PH8                  8                                        17 nm 

  PH10                  10                                      18 nm 

  PH12                  12                                      19  nm 
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       Figure 3.14   Morphology  of  CoFe2O4  synthesized at varied pH. 
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                  EDS analysis was performed on a JEOL Model JSM6490A using secondary 

electrons at 20kV with 50X magnification  to investigate the quantitative ratio of elements. 

The values of atomic ratio  are   tabulated in Table 3.8. The  EDS analysis resulted in   atomic 

ratio of   Co:Fe:O = 8:25:67 for pH 6;  Co:Fe:O = 12:24:64  for pH 8; Co:Fe:O = 15:27:58  

for pH10; Co:Fe:O = 15:27:58  for pH12. Cobalt ratios were increasing while pH value 

increasing. While cobalt ratio is 8% at pH6, this ratio is almost two times increased at pH12 

that is  15% value. R. Safi et al. also reported  that the EDS spectra of the synthesized                    

(pH 12) CoFe2O4 ferrite nanoparticles’ result  proved the existence of the main  elements 

samples whose  Co:Fe:O atomic ratio is 12:19:69 [203]. Hence, SEM images and EDS 

analyses    showed that optimum pH parameter was pH12 for CoFe2O4 synthesis by using                                

co-precipitation method. 

 

   

                Table 3.8. Quantitative Analysis of CoFe2O4 at varied pH 

 

 

 

 

Element  

PH6 PH8 PH10 PH12 

Fitting 

Coefficient : 

0.7182 

Fitting 

Coefficient : 

0.7740 

Fitting 

Coefficient : 

0.7196 

Fitting 

Coefficient: 

0.7120 

 Mass 

%  
Atom% 

 Mass 

%  
Atom% 

 Mass 

%  
Atom% 

 Mass 

%  
Atom% 

O 36.43 66.96 33.11 63.78 27.75 57.75 27.51 57.46 

Fe 47.52 25.02 43.21 23.84 45.84 27.33 45.72 27.36 

Co 16.06 8.01 23.68 12.38 26.41 14.92 26.77 15.18 
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3.2.2.4. Dielectric Permittivity and Dielectric Losses 

 

The room temperature dielectric constant as a function of frequency from 100 Hz                      

to 5 MHz for Co ferrite nanoparticles synthesized at different pH are shown in                      

Figure. 3.15  that  was determined using Eq. (2.3).  

 

 

  

 

 

 

 

 

 

Figure 3.15    Variation of dielectric constant  with ln f  of  CoFe2 O4   

nanoparticles at room temperature. 

 

The  dielectric constant  is lowest value  at pH 6 while  the  highest value is at pH8 and  

pH12 value is lower than PH10 value . Dielectric constant highly  depends on frequency that 

decreases with increase of frequency for every samples which is a  characteristic behaviour of 

most of the ferrite materials [204]. At 5MHz frequency it is very small and becomes 

independent of frequency. The change in the dielectric constant of ferrites is mostly attributed 

to the variations in the concentration of Fe2+[204]. A  dielectric material consists of two 

different layers in which the well conducting grains are separated by poorly conducting grain 

boundaries.  The high value of dielectric constant at lower frequency emerges from the grain 

boundaries since grain boundaries are dominant at lower frequency region whereas the grains 

are dominant at high frequency region [205]. The observed variation in dielectric constant 

may be understood on the basis of space charge polarization. The space-charge polarization 

occurs due to the diffusion of ions, along the external field direction, so it is  giving rise to 

redistribution of charges in the dielectric substances. The  subsequent charge build-up at the 

insulating grain boundary is a major contributor to the dielectric constant in ferrites. Hence, 

the more   Fe2+ ions in the ferrite,  the more   space charge polarization expected due to the 
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ease of electron transfer between  2+ and  3+ charged ions and afterwards higher the dielectric 

constant. The increased DC electrical resistivity obstructs the flow of space charge carriers 

and therefore impedes the build-up of space charge polarization. Since the DC electrical 

resistivity is monitored  to increase with the higher reaction  temperature   in the present Co 

ferrites, thus the dielectric constant is expected to decrease with the higher reaction 

temperature effect as a result of the space charge polarization [206]. Manikandan et al. are 

also reported that has a  same result with  other researchers observations  about  ferrites [204].   
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                     Figure 3.16  Variation of dielectric loss with lnf of CoFe2O4   nanoparticles   

                  

Dielectric loss is an important part of the total core loss in ferrite nanoparticles [195]. 

The low dielectric losses are desirable  for low core loss. The room temperature dielectric loss 

as a function of frequency from 100 Hz to 5 MHz for Co ferrite nanoparticles synthesized at 

different temperature is shown in Figure. 3.16 that  was determined using  Eq. (2.4). The 

dielectric loss profiles are similar to dielectric constant. The increase in hoping electrons 

result in a local displacement in the direction of the extent electric field that  causing an 

increase in electric polarization enhances dielectric loss. Hudson [207] shows that the 

dielectric losses in ferrite is reflected in the conductivity measurements where the materials of 

high conductivity exhibiting high losses. [208].         
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3.2.3. Determination of Annealing Temperature of CoFe2O4 

3.2.3.1. TG-DTA Analyses 

 

It is important to find out optimum  annealing  temperature range, because crystal  size 

is also related to annealing factor. Thermal  Gravimetric  Analyses and Differential Thermal 

Analysis (TG-DTA) of the nanoparticles were conducted using  Perkin Elmer Diamond                    

TG-DTA   system. TG-DTA measurements  were performed at a 10˚C heating rate from 25˚C 

to 900˚C under nitrogen  atmosphere. Figure 3.17 shows TG-DTA results of  CoFe2O4. TGA 

result  indicates that the calcination of the CoFe2O4 nanoparticles  took place in two steps The 

first step in the range between 25-500˚C was attributed to moisture removal, loss of bound 

water, elimination of organic residue and initiate the crystallization step. The weight loss after 

thermal treatment was around 20%. DTA curve indicates that  endothermic peak between 

50˚C and 100˚C which can be ascribed to vaporization of  moisture. Calcination of  CoFe2O4    

occurred in a single stage, applying  a heating rate of 10˚C /min; CoFe2O4  was calcined                   

for 1h. Fernándeza C. P. et al. also reported  TG-DTA result of nanoparticles, which 

nanoparticles  % weight  stayed stable after 500˚C [211]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.17 TG-DTA results of  CoFe2O4 
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3.2.3.2. XRD Analyses 

 

XRD  analyses  were performed at 500˚C and  600 ˚C. The XRD patterns were taken  

using CuKα  (λ= 1.5406A˚)  radiation  in   2θ range 20–80˚ at room temperature.. Figure 3.18  

show the XRD peaks of cobalt ferrite. XRD patterns  of CoFe2O4  nanocrystal  shows the 

specific crystallographic planes of CoFe2O4  are  (220), (311), (400), (422), (511), and (440). 

Both samples can be indexed as the single-phase cubic spinel structure and no additional 

phase was detected. Prabhakaran et al. also reported same results that all samples can be 

indexed as the single-phase cubic spinel structure and no additional phase was detected [201].  

The crystalline sizes were calculated using Scherrer formula [200]. Table 3.9 describes the 

crystal size values of CoFe2O4 nanopowders  at both calcination temperature. There  is an  

increase in surface area and a decrease in particle size at the higher calcination temperature. 

XRD results show that values of crystal size are around 18nm and 11nm  at 500 ˚C and                          

600 ˚C, respectively and first  sample is noiser than second sample. Nadir S.E et al also 

reported effect of annealing temperature of nanoparticles crystallinity. The  higher annealing 

temperature, the better crystallinity [212]. As a result, optimum  annealing temperature is                     

at 600 ˚C to  make CoFe2O4  nanoparicles crystal structure and crystal size that is also 

optimum for further biomedical application. 

 

 

Annealing 

Temperature (oC) 

           pH 

(approximately)                  

Process 

Temperature 

(oC) 

Avarege Crystall  

Size (nm) 

500 12 85 18 nm 

600 12 85 11 nm 

 

Table 3.9. Crystal size of CoFe2O4 at 500oC and 600 oC  

 

 

 

 

 

 

 

http://02105kw27.y.http.www.sciencedirect.com.proxy2.marmara-elibrary.com/science/article/pii/S0272884217301037?np=y&npKey=8676bada0455fb76e8ee012866eaedbd3d33c5062c9df0be5d29547cc212f5c2
http://www.sciencedirect.com/science/article/pii/S1875389215018210
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              Figure 3.18 XRD peaks of CoFe2O4 annealed at 500oC and 600 oC  

   

 

3.2.3.3. AFM Analyses 

AFM imaging was measured by JEOL, JSPM-5200 microscope at room temperature. 

Samples were made suspension  with ethanol. Two drops of the suspended  sample solutions 

was immediately spread on 10 x 10 mm glass slide`s surfaces. The samples were then allowed 

to dry under the 250 watt bulb for 15 minutes. Figure 3.19 show 2D and 3D AFM images of  

CoFe2O4  at 500 ˚C and 600 ˚C to find out optimum  annealing temperature.  AFM images  

shows that  both  samples have good  nanoparticle distrubutions. While average nanoparticle 

size is 14nm at 500˚C, average nanoparticle size is 9 nm at 600 ˚C. And maximum 

nanoparticle sizes are 22nm  and 15nm  for  500 ˚C and 600 ˚C, respectively. Bin Zhu et al. 

reported effects of annealing temperature  on the structure and magnetic properties                       

of  CoFe2O4 that    nanoparticle size increases with annealing temperature unlike our study 

[213]. AFM results also show that process performed at 600˚C is better choice for further 

process compared  to performed at 500 ˚C. 

 

 

 

http://www.tandfonline.com/author/Zhu%2C+Bin
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      Figure 3.19  Topography    CoFe2O4 annealed  at 500oC and 600oC 

 

3.2.3.4. Magnetic Heating Test for Hyperthermia Application  

 

CoFe2O4 nanoparticles were  exposed to a 214 kHz alternating magnetic field of 

amplitude 22 Oe and a significant heating effect was observed in samples, which suggests 

potential for use in magnetic hyperthermia.  Nanoparticle samples  were placed in at thermally 

insulated vial and the heating curves were measured using a Neoptix fiber optic temperature 

sensor. Magnetic heating was performed  by dispersing CoFe2O4 nanoparticles in phosphate 

buffer and subjecting to alternating magnetic field of  14A/m and frequency 214 kHz for 50 

seconds. Figure 3.20 shows that  temperature variation with time of  magnetic treatment. 

Initial temperature of fluid was  at 18 oC. Temperature of magnetic fluid increased to 200 oC 

in 50 seconds. Temperature of nanoparticles fluid rose to at 45 oC  in about 19 seconds, which 

is an efficient temperature for  hyperthermia treatment of cancer. T.E. Torres et al. are 

reported the magnetic properties   of CoFe2O4 nanoparticles for magnetic hyperthermia that 

used four different  magnetic field. At 229 kHz, temperature reached to 33 oC in 60 seconds.                         

At 444 kHz, temperature  reached to 40 oC in 30seconds. At 580 kHz, temperature  reached to 

37 oC in 15 seconds. At 828 kHz temperature  reached to 38 oC in 10 seconds [214]. Hence, 

heat-generation of magnetic CoFe2O4 can be tailored by changing  more suitable magnetic 

parameters like field strength, frequency of applied field and concentration of magnetic 

particles.   
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                      Figure 3.20 Temperature variation with time of  magnetic treatment. 

 

 

3.2.3.5. Vibrating Sample Magnetometer (VSM) 

 

Figure 3.21 shows that  performed at room temperature  M(H)  loops of the CoFe2O4  

nanoparticles prepared  at 85 oC and around pH 12 . The inset of Figure 3.21 shows the 

changes in the saturation magnetization (Ms) values. It is clear that the value of saturation 

magnetization comes out to be 66 emu/g at room temperature for  CoFe2O4 nanoparticles, 

which is significantly smaller than the bulk value (74.08 emu/g) [215]. Furthermore, the Hc 

value and  Mr value are 150 Oe and 3,87 emu/gr, respectively. In the spinel ferrites, the 

magnetic order is mainly due to a super exchange interaction mechanism occurring between 

the metal ions in the A and B sublattices. M. Vadivel et al. , R.Safi et al., A. Manikandan et al.  

are also reported that hysteris curves are typical for a soft magnetic material and indicate 

hysteresis ferromagnetism [203,216,217]. 
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           Figure 3.21. Hysterisis loop of CoFe2O4 

 

3.3.                   Attachment of Functional Groups 

3.3.1. Fourier Transform Infrared Spectroscopy (FT-IR) 

 

Magnetic nanoparticles are synthesized  by co-precipitation  from  Co2+ and Fe3+ using 

NaOH alkali solution.  Nanoparticles were modified with PMIDA.  PMIDA is an effective 

coupling agent which is  containing one phosphonate and two carboxyl functions per 

molecule.  FT-IR spectra of  samples  surface  were  recorded on a  FT-IR, Perkin Elmer 100 

series spectroscopy measurements  were conducted between 350 and 4000 cm-1. The samples 

were prepared by compaction of small amount of nano composite powder with KBr powder in 

a hydraulic press and pellets were made which were analyzed for functional groups present. 

The comparison of  FT-IR spectrum of  CoFe2O4 nanoparticles, PMIDA modified magnetic 

nanoparticles (CoFe2O4–PMIDA) was  shown in Figure 3.22. 

 

 

 

 

 

Figure 3.22. PMIDA modified magnetic nanoparticles, CoFe2O4 (blue) and 

 CoFe2O4 -COOH  (pink) 
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  According to the geometrical configuration of the oxygen nearest neighbors, the metal 

ions are usually situated in two different sublattices in ferrites, designated as the tetrahedral 

and octahedral sites. The vibration spectra of spinel ferrites at the high frequency band                    

(600–580 cm-1) and the low-frequency band (440–400 cm-1) are attributed to the intrinsic 

vibration of the tetrahedral sites and the octahedral sites, respectively [196].                                            

Two main broad metal–oxygen bands are seen in the FT-IR spectra of studied pattern that are 

590 cm-1 large band  and 400 cm-1 band. The  band   around 590 cm-1 is attributed  to the 

intrinsic vibration of tetrahedral metal–oxygen complexes and the band  around 400 cm-1 to 

the intrinsic vibration of octahedral metal–oxygen complexes. The 590 cm-1 band   is high 

frequency that caused by stretching vibrations of tetrahedral metal–oxygen band and 400 cm-1  

band is low frequency absorption band that   is caused by the metal–oxygen vibrations in 

octahedral sites. Gabal et al. also reported that two characteristic ferrite bands are appeared in 

400 cm-1 and  590 cm-1[199]. Both bands are specific for CoFe2O4  magnetic nanoparticles. 

 By comparison, in the FT-IR spectrum of modified PMIDA, more bands could be 

identified:   A band at 1200 - 1100 cm-1 is corresponding to the P=O bond and the peak at 

950-1040 cm−1 is owing to the presence of M–O–P.  The aliphatic  C-N absorptions are found 

in 1250 cm-1. The  band  950–910 cm-1 were  attributed to O–H bend carboxylic acids.                                    

The Carboxylic Acids  absorptions were found in 1650-1700 cm-1. A significant difference of 

in the intensity of the band at 580 cm−1 is observed which indicates the interaction of PMIDA  

on the CoFe2O4 surface. Sahoo B. et al. are also reported FTIR result of successfully achieved 

PMIDA modified magnetic nanoparticles [218]. All specific peaks confirm  that                         

CoFe2O4-PMIDA  was successfully  synthesized.      

 

 

 

3.3.2. Fluorescence Spectrofotometer 

Fluorescent spectra were performed by Hitachi F-4500 fluorescence 

spectrophotometer (Japan). Measurements were carried out between 240 nm and 400 nm 

(excitation and emission)  by 150 W continuous  Xenon Lamp using quartz cell. Wavelength 

Scan Speed is 2400 nm.min-1. Fluorescence spectrum and image of PMIDA modified 

magnetic nanoparticles  (CoFe2O4–PMIDA) was  shown in Figure 3.23. The excitation and 

emission wavelengths used for measuring  CoFe2O4-PMIDA is shown in Table 3.10. It shows 

the possibility of two band gap modalities with responsible for excitation and emission and 
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electron transfer between them. The loss during the electron transfer is considered to be the 

reason of distinct excitation and emission peak location with  Stokes shift. In this hypothetical 

diagram, excitation occurs between 230-265nm wavelenghth  and the emission process occurs 

in the right   side between  265-300 nm wavelenght. Lee, C et al are also reported the 2,2 nm 

gold nanoparticle solution shows bright red emission with the excitation on UV plate[219].   

 

  

 

 

 

 

 

 

 

                          

                                

                           Figure 3.23 Fluorescent properties   of   CoFe2O4-PMIDA, Photograph  of   

blank sample (a) and CoFe2O4-PMIDA (b) under 254 nm UV light.                                              

 

 

                                                    

 

  

  

 

                   Table 3.10. Fluorescent properties  of modified  CoFe2O4                        
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3.4.   Characterization of Folic Acid Attachment and Encapsulated  

Nanoparticle 

3.4.1. Fourier Transform Infrared Spectroscopy (FT-IR) 

             Magnetic nanoparticles are synthesized by co-precipitation  from  Co2+ and Fe3+ using 

NaOH alkali solution.  Nanoparticles were modified with PMIDA.  PMIDA is an effective 

coupling agent which is  containing one phosphonate and two carboxyl functions per 

molecule FT-IR spectra of the samples were recorded on a  FT-IR, Thermo Nicolet 6700    

FT-IR spectrophotometer equipped with a Smart Orbit high performance diamond attenuated 

total reflectance (ATR) accessories. Measurements  were conducted between 400 and                    

4000 cm-1. The comparison of   FT-IR spectrum of  CoFe2O4 nanoparticles,  PMIDA modified 

magnetic nanoparticles (CoFe2O4–PMIDA) and conjugation of Folic Acid on activated 

magnetite nanoparticles were  shown in Fig. 3.24. 

     

 

 

 

Fig. 3.24   CoFe2O4 (pink), CoFe2O4 – PMIDA (blue) and CoFe2O4 – PMIDA-FA 

(green) 

                                                    

According to the geometrical configuration of the oxygen nearest neighbors, the metal 

ions are usually situated in two different sublattices in ferrites, designated as the tetrahedral 

and octahedral sites [196].  By comparison, in the FT-IR spectrum of modified PMIDA, more 

bands could be identified: A band at  1200 - 1100 cm-1 is corresponding to the P=O bond and 

the peak at 950-1040 cm−1 is owing to the presence of M–O–P.  The aliphatic  C-N 

absorptions are found in 1250 cm-1. The  band  950–910 cm-1 were  attributed to O–H bend 

carboxylic acids. The Carboxylic Acids  absorptions were found in 1650-1700 cm-1. A 

significant difference of in the intensity of the band at 580 cm−1 is observed which indicates 

the interaction of PMIDA  on the CoFe2O4 surface. Sahoo B. et al. are also reported FTIR 

result of successfully achieved PMIDA modified magnetic nanoparticles[218].  All specific 



88 

 

peaks  confirm  that CoFe2O4-PMIDA  was successfully  synthesized.  The green colour FT-

IR spectrum is conjugation of folic acid on activated magnetite nanoparticles which is  

successfully achieved. A band at 1740 cm-1  is corresponding to the C=O stretch and  

represent of ester funtional groups. Monika Szymanska-Chargot et al.  also showed  

characteristic ester peak at 1740cm-1 in  their application [220]. 

 

3.4.2. AFM Analyses 

 

 AFM imaging was measured  by  JEOL, JSPM-5200 microscope at room 

temperature. Samples were made suspension  with dH2O. Two drops of the suspended  

sample solutions were immediately spread on 10 x 10 mm glass slide`s surfaces. The sample 

was then allowed to dry under the 250 watt bulb for 15 minutes. AFM  measures the 

nanometer-scale topography of surfaces through direct contact between a sample surface and 

a probe tip mounted on the end of a cantilever microbeam. The cantilever peak frequency was                    

169.534  kHz and the image resolution was  512 x 512  pixels. Figure 3.25 shows   

topography of encapsulation of magnetic nanoparticles and Figure 3.26 shows histogram of  

encapsulated nanoparticles. Atomic force microscopy (AFM) measurements showed an 

increment of surface roughness with encapsulation. AFM image shows encapsulated 

nanoparticles have homogen distributions and average encapsulated nanoparticle size is 

around 40nm. Nandakumar et al are also fabricated fibrous three-dimensional scaffolds made 

of a poly (ethylene oxide terephthalate)/poly (butylene terephthalate) copolymer to mimic the 

physical microenvironment of extracellular matrix and they are reported that AFM 

measurements determined an exponential increase of surface roughness [221].  

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Szymanska-Chargot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23487553
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                 Figure 3.25 Topography of  Encapsulated Nanoparticle 

                     

  

  

   

  

  

  

  

 

                   

 

 

                        Figure 3.26    Histogram of  Encapsulated Nanoparticle 
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3.4.3. SEM Mapping 

          SEM analysis was performed on a JEOL Model JSM6490A using secondary electrons 

at 20kV with 70000X and 100000X magnifica  to investigate the homogenity of   

nanoparticles. Samples were made suspension  with dH2O. Two drops of the suspended  

sample solutions was immediately spread on 10*10 mm glass slide`s surfaces. The sample 

was then allowed to dry under the 250 watt bulb for 15 minutes. The last step, slides  were 

prepared   by sputter coating with gold. Figure 3.28 shows morphology  of  nanoparticles that 

both images analysed two different magnificence are  both spherical and homogen  dispersity. 

Figure 3.27  shows    elemental mapping on the fracture surface of the  encapsulated modified 

nanoparticles. Mapping images show that main elements of the sample such as Cobalt, 

Ferrite, and phosphorus  have detected during analysis. It means   encapsulation of modified 

nanoparticles  might be  achieved. K.Nadeem et al. also reported silica coated cobalt ferrite 

nanoparticles that morphology  of  nanoparticles are spherical and homogen  dispersity [222]. 

 

   

          Figure 3.27  Elemental Mapping on the Fracture Surface of the 

                  Encapsulated Nanoparticle 

 

 

 

 

 

                  Figure 3.28 Morphology  of  Encapsulated Nanoparticle 
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3.4.4.    TEM   (Transmission Electron Microscopy) 

The morphology and the particle size of encapsulated CoFe2O4   were determined by 

Transmission Electron Microscopy (TEM). TEM analysis was performed on a Philips                      

CM-200  using field emission gun. Figure 3.29 show TEM images of the encapsulated 

nanoparticles. The TEM  images  show spherical morphology for   CoFe2O4  with uniform 

particle sizes.  These observations confirm the results of XRD, SEM, AFM analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

                         Figure 3.29 TEM image of the Encapsulated Nanoparticles 
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3.5. Cell Culture Studies  

3.5.1. Equipment sterilization 

All  equipments used in cell culture is sterilized. Micropipette, eppendorf, metal tools and 

glass equipments are autoclaved at 1-06 bar for 20 minutes in 121 ºC.  

3.5.2. Preparation and Sterilization of Samples 

Encapsulated and nonencapsulated samples are sterilized by UV radiation of 2 hr prior to use 

in cell culture experiments. 200µg/ ml stock solution of encapsulated and nonencapsulated 

nanoparticles are prepared in phosphate buffer saline (PBS).  

3.5.3.  In vitro Cell Culture Experiments 

Each step of cell culture experiments are performed under steirle conditions with sterilie 

media. Cells are cultivated in sterile laminar air flow cabin to prevent yeast, bacteria or fungi 

contamination and incubated at 37 ºC with 5% CO2  humid environment.  

3.5.4. Cell Line 

Adherent cell lines are used for in-vitro cell culture experiments. L929 murine fibroblast cell 

line is used for biocompatibility experiments. 

3.5.5. In vitro Biocompatibility Test  

To investigate biocompatibility of phosphonated levan encapsulated nanoparticles WST1 (4-

[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3benzenedisulfonate) cell 

proliferation and viability assay is performed L929 cell line.  Cells grown in 10 ml complete 

DMEM (PAN Biotech) in 75 cm2 tissue culture flask in humid atmosphere. When cells 

become confluent (70%) medium is sucked away and cells washed with 1 X PBS solution and 

trypsinized with 2 ml trypsin-EDTA (PAN BIOTECH) for 2-3 minute in 5% CO2 at 37 ºC to 

detach  adherent cells. After detachment cells are centrifugated at 1000 rpm for 5 minute to 

get rid of the trypsin which effect cellular viability. After centrifugation cells counted and 1.5 

10 4 cell per well seeded into  sterile 96 well  culture plates and incubated at 5% CO2 at 37 ºC 

overnight for cellular attachment.  After steriliztion of nanoparticles cells  incubated with 1, 

10, 100 µg/ml of nanoparticle solutions for 24 h. At the end of incubation period 10 μl of 

WST1 solution was added to each well and the final product of WST-1 reaction were allowed 
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to incubate at 37 °C, in a 5% CO2 humidified incubator for 2h. After incubation, absorbance 

of WST-1 was measured spectrophotometrically in a Promega GloMax®-Multi+ detection 

system at 460 nm. Each experiment was carried out three times in triplicate. 

 

Figure 3.30 schematic sketch for 96 well plate organization for biocompatibility test. C stands 

for control while 1, 10 and 100 is concentration of samples being incubated with L929 cells 

(µg/ml). 

3.5.6.  Statistical analysis  

 One-way ANOVA is used for statistical analyses followed by the Tukey test for 

multiple comparisons using the Prism analysis program (Graphpad, V 5.0). Data were 

presented as means and 95% confidence interval. A p-value of less than 0.05 was considered 

statistically significant. 

3.5.7. Results 

Biocompatibility results of L929 being incubated with   encapsulated and native  nanoparticle 

samples  showed increased biocompatibility. Dose dependent increase is observed in 

noncapsulated samples while encapsulated ones showed decreased viability at the highest 

concentration which is 100 µg/ml.  (Figure 3.31).  
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Figure 3.31. Biocompatibility results of samples after 24h cultivation with L929  cells.  

 

Zhu et al. [223]  investigated biocompatibility of 5-fluoroacyl carrier chitosan coated Fe2O3 

magnetic nanoparticles with K-562 (human leukemia cells) and  increased cellular apoptosis 

rate is observed at the concentration of 5 µg/ml which is the highest. Mushtag et al [224]  

investigated cytotoxicity of  polymer coated CoFe2O4 magnetic nanoparticles with CHO 

(Chinese Hamster Ovarian)and Huh-7 (Human Hepatocarcinoma) cells with the concentration 

range of 0 to 0.18 mg/ml and cellular viability is observed above 80 % even at the highest 

concentration. Hathout et al [225]  investigated cytotoxic properties of CoFe2O4 magnetic 

nanoparticles with MCF-7 (Human Breast Cancer) Cell line with varying concentrations and 

after 1 mg/ml cellular viability is reduced below 67%. 

This unexpected result might be related with dissolving problems of samples observed during 

treatment. Phosphonated levan encapsulated samples took much effort and time to dissolve 

and none of the samples could fully dissolved this problem may result inadequate 

accumulation of samples on cells and this may result reduced cellular viability. 

Biocompatibility studies with encapsulate samples need to be repeated after optimization of 

homogenous dissolving of nanoparticles. Anticancer activity studies of samples need to 

performed with folate receptor containing and folate receptor deficient cancer cells. 

Hyperthermia studies need to be performed with health and those cancer cell line. Preliminary 

experiments show promising results depending on nontoxic features of samples. 

Phosphonated levan is reported as biocompatible polymer in previous studies [151]  

improving features of nanoparticles with folic acid and phosphonated levan could increase 

uptake of magnetic nanoparticles into cancer cells and hyperthermia studies could open a new 

era in cancer therapy with non toxic, highly anticancer  activities. 
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4. CONCLUSIONS AND RECOMMENDATIONS  

 

In this study, the main goal was to to obtain nanoparticles suitable for hyperthermia 

applications, which is an alternative to cancer treatments. For Hyperthermia application, 

CoFe2O4 nanoparticles were obtained using the co-precipitation method. The co-precipitation 

method can achieve fast results and does not leave toxic by-products and  hence preferred for 

biomedical applications. The shape and dimensions of nanoparticles are important parameters 

for hyperthermia application. During the synthesis of nanoparticles, parameters such as pH, 

reaction temperature, mixing speed and sintering temperature affect the size of the 

nanoparticles.  The  nanoparticles should be  at optimum size  to allow circulation for longer 

periods in the bloodstream. Optimum  nanoparticles were tried to be obtained at different 

temperatures and pH ranges and at different temperatures of sintering.  With reference to the 

fact that the co- precipitation method on many articles gives a positive result over pH 12.  

Synthesizes were carried out   at with reference to the positive results above pH 12   at the  

temperatures of 75oC, 80oC, 85oC, 90oC. The reaction temperature increases with NaOH by  

1-2 oC. It is necessary to increase the reaction temperature in a controlled manner to prevent 

the increase of the reaction temperature after NaOH addition. To control this, the base 

solution at the same temperature should be added after a slight decrease in the temperature 

before adding the base solution and the temperature control adjusted to the desired 

temperature. The thermometer must be continuously checked during the reaction as the 

temperature is easily changed. All experiments were carried out using a mechanical stirrer at 

300 rpm. AFM, XRD, SEM, EDS, FTIR analysis showed that homogeneously dispersed 

spherical particles were obtained at optimum size at 85oC. Afterwards, the formation of 

nanoparticles was observed at pH 6 -8-10-12 while the temperature was kept constant at 85 ° 

C. After  the addition of NaOH, it was observed that pH 6 samples were in pink tones, pH 8 

samples in orange tones, pH 10 and pH 12 samples were black.    It was observed that the pH 

10 and pH 12 samples were separated from the supernatant more rapidly during their 

purification compared to the pH 6 and pH 8 samples. The AFM, XRD, SEM, EDS, FTIR 

analysis results of the pH parameters showed that the ideal result was around pH 12 as written 

in the literature. 

      Sintering studies used nanoparticles synthesized at 85 ° C and pH 12. Due to the 

constant TGA data remaining after 500 °C of the TG-DTA analysis nanoparticles, the shape 

and size of the nanoparticles were observed at 500°C and at 600°C. XRD and AFM results 



96 

 

showed that  the ideal result are  at 600°C. The size of the obtained nanoparticles is around 20 

nm. Firstly, the functionalized groups were  attached to the obtained CoFe2O4 nanoparticles 

and then the folic acid compound was attached as a ligand. Folate receptors are present only  

in cancer cells while are not found in healthy cells. Thus, Folic acid-bound nanoparticles can 

be targeted to cancer cells without affecting normal cells. The modified CoFe2O4 

nanoparticles showed fluorescence at around 265 nm. This fluorescent properties demonstrate 

that the effect on the cancer cells can be followed without attaching any fluorescence groups 

to the nanoparticles.   

Levan is a polymer that speaks of his name in the world of science with its 

characteristic formation process and positive results as biopolymer. There are areas of use in 

cosmetics, food and pharmaceuticals fields and as antitumor agents. Levan derivatives such as 

phosphate, sulfate and acetate have been reported in the field of medicine as anti-aids, food 

additives. It has been observed that there are not too many literatures in relation to levan 

phosphonate, but in the our  experiments   showed that  it is more sticky than the pure levan 

and it is a hydrophilic biopolymer. 

It is reported that OH groups are more sensitive to RES cells and that hydrophilic 

biopolymers have greater ability to escape from macrophages in the RES mechanism. 

Because of this reason,      levan      was phosphonated  using PCI3 compound to reduce  -OH 

groups  on the structure. In light of these properties, it is predicted that when nanoparticles are 

encapsulated with levan phosphonate, they will  stay longer   in the bloodstream. Due  to stay 

longer in the bloodstream, nanoparticles efficiency is expected to increase. The SEM-EDS 

and mapping results showed that the main elements such as P, Co, Fe, C, O was found in the 

structure. Furthermore, the TEM results indicate that the encapsulation has taken place 

successfully. AFM result showed that the particle size  was measured to be about 40 nm after 

encapsulation. Nanoparticles at this size are the suitable size for hyperthermia application. 

During exposure to CoFe2O4 magnetic field, temperature increased to 45oC in the 19 sec time. 

Result showed that the desired temperature range could be obtained in a very short time which 

might be  ideal for hyperhermia application. The future plans of the study  will  keep on   in 

vivo experiment. By the Co-Fe ratios of magnetic materials can be changed to improve the 

magnetic properties  to get  the stable  temperatures and the exposure time. Also, heat-

generation of magnetic CoFe2O4 can be tailored by changing  more suitable magnetic 

parameters like field strength, frequency of applied field and concentration of magnetic 

particles. VSM analysis gave consistent results with earlier studies. Due to the fact that  
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CoFe2O4 is a soft ferromagnetic material, it exhibits a little bit permanent magnetic property. 

For biomedical studies, more effective results can be obtained in vivo and in vitro studies with  

improving the nanoparticle to be fully paramagnetic. 
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