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ABSTRACT 

Superparamagnetic iron oxide nanoparticles (SPIONs) are developed 

considering the importance of this class of in different fields of 

biochemical and biomedical applications owing to their distinctive 

chemical and physical properties. In this work, the preparation of iron 

oxide nanoparticles (SPIONs  ( using Co-precipitation method has been 

done as the most commonly used wet chemical method of magnetic 

nanoparticles preparation for biological applications. The SPIONs 

synthesis was based on sodium hydroxide (NaOH) mediated 

precipitation of Fe
3+

 and Fe
2+

 salts in an aqueous solution using 

trisodium citrate as surfactant within a closed system. The size and 

stability of the magnetite nanoparticles were carefully controlled using 

different chemical and physical parameters in order to obtain the 

SPIONs with small particle size and distribution that is needed for 

biomedical applications. The synthesized Fe3O4 nanoparticles were 

characterized by X-ray diffraction (XRD), scanning electron microscope 

(SEM), transmission electron microscope (TEM), vibrating sample 

magnetometer (VSM), and Zeta potential analysis (Zp). XRD pattern 

showed the presence of peaks corresponding to the phase of magnetite 

Fe3O4. Moreover, SEM and TEM results revealed spherical particles 

with a mean diameter of ≥ 5 nm. The monodispersed SPIONs were 

successfully prepared with a mean hydrodynamic size of 209.32 nm at a 

stirring speed of 900 rpm and NaOH concentration of 1.2 gm. The 

results showed that the particle size is considerably dependent on the 

stirring rate and NaOH concentration. Fe3O4 nanoparticles exhibited 

superparamagnetic behavior and the saturation magnetization was 

around 50 emu/g.  

1. Introduction 

Magnetic nanoparticles (MNPs) attracted the 

attention of researchers in recent years for their 

potential use in various applications. MNPs are solid 

colloidal particles ranging in size from 1 to 100 nm. 

MNPs have been in focus scientist at chemistry, 

biology, medicine, and physics [1]. Due to their 

dimensions comparable with those of cells, viruses, 

genes and proteins, they opened the potentiality of 

interacting with fundamental biological applications 

[2-5]. Iron oxide magnetic nanoparticles (SPIONs) 

are physically and chemically stable, biocompatible 

and environmentally safe, thus presenting unique 

characteristics for clinical applications [6]. 

In recent years, much attention has been paid to the 

synthesis of a different kinds of superparamagnetic 

nanoparticles (SPIONs) as nanomedical materials. 

Among them, engineered magnetic nanoparticles 

(MNPs) made of iron, cobalt, or nickel oxides exhibit 

special properties, including high surface-to-volume 

ratio and high magnetic moment, allowing potential 

manipulation by an external magnetic field [7]. 

Especially, MNPs manufactured with ferromagnetic 

material, i.e., superparamagnetic iron oxide 

nanoparticles (SPIONs), made of magnetite (Fe3O4) 

ideal biocompatibility with superparamagnetic 

properties allowing widespread biomedical uses such 
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as targeted drug delivery, bioimaging, hyperthermia, 

photoablation therapy, biosensors, and theranostics 

applications [8,9]. 

In general, the synthesis of SPIONs is a very critical 

multistep procedure, which must be optimized since 

its early design phase, given that even a small 

variation in the production process that can 

significantly change the desired outcome [10]. For 

this reason, both physical and chemical properties of 

the particles need to be strictly controlled in order to 

fit a number of different applications [11]. 

In recent years, researchers have focused on SPIONs 

preparation due to their wide applications, especially 

in the field of biomedical applications because of the 

non-toxic nature of the materials [12]. 

A variety of techniques have been reported to prepare 

SPIONs (Fe3O4) using different techniques such as 

co-precipitation [13, 14], thermal decomposition [15, 

16], microemlusion, ultrasound irradiation and 

hydrothermal synthesis [17]. 

In the co-precipitation method, SPIONs (Fe3O4) were 

synthesized with the Fe
+3

 and Fe
+2

 ions in alkaline 

solutions, under an inert atmosphere (N2) [18]. 

Some recent studies [19-23] showed the effects of 

many parameters for synthesis of SPIONs (Fe3O4). 

However, in this work have attempted to prepare and 

synthesis SPIONs. (Fe3O4) using co-precipitation 

method and the results of investigations carried out 

using X-ray diffraction (XRD), scanning electron 

microscope (SEM), transmission electron microscope 

(TEM), vibrating sample magnetometer (VSM), and 

Zeta potential analysis (Zp). 

2- Experimental part     
2.1: Fabrication Techniques. 
The general structure of reflux system for prepared 

SPIONs and the schematic was shown in Fig. 1. 
 

 
Fig. 1: (a) Photographic image of a reflux system for SPIONs.  (b) Schematic structure of the reflux 

system for synthesis of (SPIONs). (A) Heating magnetic stirrer, (B) Digital thermometer, (C) water-cooled 

condenser, (E) air evacuation vacuum pump 

 

2.2. Materials: 

1.35 g of Iron (III) chloride hexahydrate (FeCl3. 

6H2O) and 0.69 g of Iron (II) sulfate (FeSO4.7H2O) 

was mixed with 1.77 g of trisodium citrate and 1.2 g 

of NaOH. All materials were solved with 20 

milliliters deoxygenated distilled water. 

2.3. Synthesis of hematite nanoparticles SPIONs. 

Pure magnetite nanoparticles were synthesized with 

the chemical co-precipitation method .This cycle 

includes the joint precipitation of ferric salts and 

ferrous in an alkaline solution such as sodium 

hydroxide (NaOH) in the presence of trisodium 

hydroxide as a surfactant in an environment under N2 

flow as with the following chemical [24, 25]: 

Fe
+2

 + 2Fe
+3

 + 8OH
−1

→ Fe3O4 + 4H2O …. (1) 

Dependence of control on the shape and size of 

nanoparticles is based on the ratio of Fe
+3

 and Fe
+2

, as 

well as on the type of salts (for example, chloride, 

sulfate), and on the acidity of the medium. [26]. 

Fig.2 shows the flowchart for synthesis of SPIONs by 

co-precipitation method in the present work. 
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Fig. 2: Flowcharts for synthesis of SPIONs by co-precipitation method in present work. 

 

2.4: Characterization 

 XRD characterization: 

 The X-ray diffraction patterns of the samples were 

identified using X-ray diffractometer with CuKa 

radiation (1.5418 Å) as a source.  

 TEM and SEM measurements 

TEM is a versatile technique in which to analyze 

nanoparticle sizes, crystal structure, and morphology 

distribution through imaging techniques and 

diffraction. 

The image produced by SEM was displayed on CRTs 

in the electronic control unit, the captured images 

were saved digitally or printed directly 

 Vibrating Sample Magnetometer (VSM) the 

magnetic properties characterization (VSM) was used 

for SPIONs prepared in this work. The magnetic 

selection was made according to Faraday's laws so 

that the AC voltage is accomplished in the electrical 

current and equal to the rate of development of the 

magnetic flux through which the circuit connects, and 

the moment size within the sample due to the 

magnetic field. That the sample is swaying in a 

vertical direction near the detection coil if the sample 

fluctuation makes the AC signal at a specified 

frequency.  

 Zeta Potential (Zp) measurements were used for 

the colloidal particles have, in most cases, a negative 

or positive electrostatic charge. When the electric 

field was shed as the particles are dispersed, the 

particles travel in directions and are charged in 

reverse. Doppler transformation occurs when 

particles are exposed to radiation while traveling as a 

result of scattering light depending on the movement 

of the electrophoresis. The Nano Brook program 

calculates the amount of Doppler shift, followed by 

the possibility of zeta and electrical motion, by 

combining a heterogeneous group and a photon 

subscription path to Dynamic  

 Light Scattering (DLS) (Zs) is a device that 

detects the size of hydrodynamic nanoparticles. The 

surface of nanoparticles occurs in a variety of 

interactions with solvent particles and ions when the 

nanoparticle is surrounded by intermediates, and this 

strongly affects the behavior of the nanoparticles 

accomplish a Fourier transform (FFT) the links 

function obtained. 

3. Esults and discussion: 
3.1 : X-ray diffraction analysis of SPIONs Fe3O4 

Structure. 
Fig 4. shows the X-ray diffraction (XRD) pattern of 

magnetite MNPs Fe3O4 
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Fig. 4:  X-ray diffraction for Fe3O4 powders spectrum prepared at 80C
o
, NaOH=1.2g and RPM=900. 

 

Fig 4.  shows that the character peaks of Fe3O4 are at 

2Ɵ = 29.8
o
, 35.5

o
, 42.9

o
, 54.38

o
, 56.96

o 
and 62.86

o
, 

being similar to the previously reaches for Fe3O4 

nanoparticles [27-29]. The result of X-ray diffraction 

pattern indicated the magnetite (Fe3O4) phase
. 

The 

average core size of Fe3O4 MNPs can be calculated to 

be (1.15 nm) by using Debye–Scherrer equation.
 

D = Kλ / (β cos Ɵ) …… (2) 
λ is the X-ray wavelength (5.03 nm), where K is the 

Scherrer constant (0.92), and Ɵ is the Bragg 

diffraction angle, β is the peak full width at half 

maximum (FWHM) of the reflection [29]. 

3.2: Scanning Electron Microscope.  

Fig.5 shows the scanning electron microscope (SEM) 

image of Fe3O4 MNPs prepared by the co-

precipitation method at 80 
o
C, rotational speed 900 

rpm and NaOH (1.2 g) indicating that the 

nanoparticles were spherical with average diameter of 

about (23±4) nm.  
   

 
Fig. 5: SEM micrograph of Fe3O4 SPIONs. 

 

When the SEM result analysis was compared with 

others [30]; it was found a good agreement with ref. 

[30].  

3.3: Transmission Electron Microscopic (TEM) 

Analysis  

Fig.6 shows the monodispersed nanoparticle which 

were prepared under conditions (Temp 80 
o
C, 900 

rpm and 1.2 g NaOH) image using TEM. In order to 

get the actual size of MNPs (Fe3O4) which are 

prepared at 80
 o

C, the rotational speed 900rpm and 

NaOH (1.2 g) by use TEM Technique.  
 

 
Fig. 6: Transmission electron microscopic photographs 

of Fe3O4 nanoparticles. 
 

Fig .6 shows the magnetite Fe3O4 particles are 

spherical shape with an average diameter of (5±2) nm 

which is a good agreement with XRD result and also 

with good agreement with study indicated by [31]. 

3.4: Magnetic Properties Characterization (VSM) 

Analysis. 

Vibrating sample magnetometer (VSM) was used to 

find the magnetic properties of Fe3O4 MNPs at (T=80 
o
C, RPM=900 and NaOH = 1.2 g) conditions. 

Fig.7 shows magnetization variation of properties as a 

function of applied field. 
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Fig. 7: The hysterias loop at 300K for Magnetization versus applied field for Fe3O4 obtained in present 

study. 
 

Fig.7 showed the typical characteristics of 

superparamagnetic are observed showing almost 

immeasurable coercively and remanence. The 

saturation magnetization at which is 51.21 emu/g, is 

significantly less than that of the bulk magnetization 

[32], which is MS (bulk) 92 emu/g. The decrease in 

saturation is ascribed to the size effect. The magnetic 

particle size can also be calculated from the hysteresis 

curve using the following formula [33]: 

                            𝐷𝑚 = (
18𝑘𝐵𝑇𝜒𝑖

𝜋𝜌𝑀𝑆
)
1
3⁄

…… (3) 

ρ the density of Fe3O4(5.18 g/cm
3
), where 𝜒𝑖  is the 

initial magnetic susceptibility 𝜒𝑖= (𝑑𝑀/𝑑𝐻)𝐻→0, and 

kB Boltzmann constant. The initial slope near the 

origin was determined from the hysteresis plots by 

curve-fitting to the linear portion of the data. The 

mean magnetic particle size was calculated as (5nm), 

which is smaller than that observed from TEM 

measurement. Because a number of alternative 

mechanisms could result in the demagnetization of 

the particles, it was simplest to assume that the 

surface layer of magnetite atoms does not contribute 

to the magnetic properties of the particle [34]. 

Table 1 shows the comparison of SPIONs size 

calculated by XRD, SEM, TEM, and VSM 

techniques.  
 

Table 1: Size particles comparison between XRD, SEM, 

TEM, and VSM techniques. 

Techniques XRD SEM TEM VSM 

Size(nm) 5.03 19.9 5 4.6 
 

3.5: Zeta Size (DLS) Analysis 

Dynamic light scattering (DLS) was used to 

determine a hydrodynamic size of SPIONs Fe3O4 at 

different rotational speeds RPM and variation 

concentrations of NaOH with a constant temperature 

of 80 
o
C. The optimum results have been observed for 

the Fig8, and Table 2. 
 

 
Fig. 8: Hydrodynamic size distribution of SPIONs Fe3O4 at RPM = 900 when NaOH= 1.2 g. 
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Table 2: Zeta Size variation with RPM of SPIONs 

Fe3O4. 

RPM ZS (nm) 

300 375.54 

500 216.19 

700 318.69 

800 344.94 

900 209.32 

1300 283.76 

1500 274.49 
 

The results showed that the minimum Hydrodynamic 

size of Fe3O4 particles is 209.32 nm, when the 

rotational speed is 900 rpm and when the NaOH 

concentration is equal to1.2 gm.  

Table 3 illustrate the study of changing the NaOH 

concentrations when the rotation speed was fixed at 

900 rpm. 
 

Table 3: Zeta Size variation of SPIONs Fe3O4 with 

NaOH concentration. 

NaOH concentration ZS (nm) 

0.72 246.59 

0.96 238.51 

1.2 209.32 

1.6 1245.56 
 

Through these results, it was found that the rotation 

speed RPM and sodium oxide NaOH concentrations 

plays an important role in determining the 

hydrodynamic size distribution DLS of nanoparticles 

SPIONs and that the optimum value in the rotation 

speed was 900 rpm and the 1.2g of NaOH 

concentration. The hydrodynamic volumes obtained 

are greater than those observed by TEM, this due to 

the absence of an external magnetic field, static 

magnetic interactions (dipole magnetic dipole) 

between the particles can cause their agglomeration 

[35]. 

3.5: Zeta Potential Analysis 

Zp variation with speed rotation of solution 

(RPM).  

Colloidal stability (Zp) of the nanoparticles SPIONs 

plays very significant role in introducing them to in 

vivo biological applications. Table 4 shows the results 

of variations of Zp with a different speed of rotation 

of solutions RPM at certain of concentrations 

NaOH(1.2g). 
 

Table 4.  Zeta Potential variation with RPM of SPIONs 

Fe3O4. 

ZP (mV) RPM 

-27.99 300 

-17.24 500 

-27.55 700 

-23.29 800 

-22.37 900 

-30.35 1300 

-18.19 1500 
 

Fig. 9 shows the variations of Zp when the speed of 

rotation of solutions RPM at 900 and at a certain of 

concentrations NaOH(1.2g).  
 

 
Fig. 9: Zeta Potential variation of SPIONs Fe3O4 at 900 RPM and NaOH=1.2g. 

 

Fig .9 shows from the results that the Zeta Potential 

variation of Fe3O4 is about (-22 mv) at 900 RPM.  

Zp variation with NaOH concentrations. 
Table 5 shows the results of variations of Zp at 

concentrations NaOH when the speed of rotation of 

solutions at 900 rpm.  

 
 

 

Table 5: Zeta Potential variations of SPIONs Fe3O4 at 

different NaOH. 
ZP (mV) NaOH (g) 
-27.28 0.72 
-26.44 0.96 
-22.37 1.2 
-24.53 1.6 

 

Fig.10 shows the variations of Zp at a constant speed 

of rotation with 1.2 g of NaOH.  
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Fig. 10: Zeta Potential variation of SPIONs Fe3O4 at 1.2 g of NaOH and RPM=900. 

 

The results observed that Fe3O4 SPOINs 

nanoparticles have negative zeta potential -22.37 mV. 

Thus, it can be concluded that the nanoparticles are 

sufficiently stable. Hence, the more negative and 

stable materials are highly more suitable for 

biological applications [36]. 

4. Conclusions  
The main conclusions that may be drawn from this 

work are: 

1- The Co-precipitation method allows producing 

large number of hydrolytic nanoparticles Fe3O4 

SPIONs per batch. 

2- The results showed that the crystalline and 

average particle size of SPIONs (Fe3O4) depends on 

stirring speed and the concentration of NaOH. 

3- The saturation magnetization of SPIONs Fe3O4 

was proportional to the particle size. 

4- The synthesized SPIONs have an average 

diameter (5) nm as evidenced by TEM technique 

when the co-precipitation technique controlled to 

produce SPIONs Fe3O4 using (1.2g NaOH), and are 

revealed to be ideal for in viro and in vivo studies.   

5- XRD showed the crystalline phase corresponds to 

magnetite (Fe3O4). The spectra showed that the 

SPIONs are in super magnetic state. 

6- The magnetization measurements as a function of 

the magnetic field showed a typical behavior of 

superparamagnetic iron oxide nanoparticles SPIONs 

in material because there was no correctively in the 

hysteric's loop. 

7- The nanoparticles SPIONs synthesized during this 

work are ready and has potential for biocompatibility 

studies.  
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  Fe3O4) مغنيتايت( المغناطيسيالنانوية لأوكسيد الحديد  وتشخيص الجسيماتتحضير 
 للتطبيقات البايولوجية

 2فاتن محمد نواب الدين،  1صالح أكبر حسين،  1احمد هشام فتح الله

 العراق، ، كركوك جامعة كركوك ،  كلية التربية للعلوم الصرفة ،  قسم الفيزياء 1
 العراق، ، كركوك جامعة كركوك ، كلية الزراعة ،  قسم الانتاج الحيواني 2

               

 الملخص
( مع الأخذ  فذي الاعترذار يةميذة ةذ ئ الفئذة مذد المذواي الوريفيذة ييذر الماييذة فذي مجذالات SPIONsتم تطوير الجسيمات النانوية الفائقة المغناطيسية )

يكسذيي  جسذيماتتذم تحيذير  اليراسذة،ةذ ئ مختلفة مد التطبيقات الكيميائية الحيوية والطبية الحيوية نررًا لخصائصها الكيميائية والفيزيائية المميزة. في 
يقذذة الترسذذيم الم(ذذترك( راعترارةذذا الطريقذذة الكيميائيذذة الرطرذذة الأكعذذر اسذذتخيامًا اعذذياي الجسذذيمات النانويذذة )راسذذتخيام طر  SPIONsالحييذذي النانويذذة )

الجسذيمات النانويذة المغناطيسذية )يكسذيي الحييذذي  Fe3O4معذ  يكسذيي الحييذي  SPIONsتطلبذت ةذ ئ التطبيقذات يد  المغناطيسذية للتطبيقذات البيولوجيذة.
 نانومتر. 100مغنطة عالية وحجم جزيئات يصغر مد  الأسوي( ال ي يحتوي على قيم

 Fe( بوسذاطة يمذ   NaOHترسذيم ةييروكسذيي الصذوييوم )ب SPIONs فذي ةذ ئ اليراسذة تذم تحيذير وبنذاء
 Feو 3+

فذي محلذوم مذائي راسذتخيام  2+
تذذذم الذذذتحكم بيقذذة فذذذي حجذذذم فذذذي اليراسذذة . N2النيتذذذروجيد  وجذذذوي يذذازمض سذذذترات الصذذوييوم كمذذذواي خذذذافض للتذذوتر السذذذطحي ياخذذذ  نرذذام مغلذذذ  باحذذ

 ات حجذم وتوزيذع جزيئذات  SPIONsواستقرار الجسذيمات النانويذة المغناطيسذية راسذتخيام معذايير كيميائيذة وفيزيائيذة مختلفذة مذد يجذ  الحصذوم علذى 
 للتطبيقات الطبية الحيوية. مهمة صغير 

مختلفذة  يوراديرجذة مئويذة مذع سذرعات  80ييذر مصذقوم يحذايي الت(ذتت عنذي يرجذة حذرارة  Fe3O4تم ةنا وصف التفاصي  التجريبية للحصوم علذى 
والمسذذ   (،TEMوتركيذذزات ةييروكسذذيي الصذذوييوم. تميذذزت الجسذذيمات النانويذذة التذذي تذذم الحصذذوم عليهذذا مذذد خذذ م الفحذذ  المجهذذري االكترونذذي )

 (.Zpوتحلي  جهي زيتا ) (،VSMومقياس المغناطيسية لعينة الاةتزاز ) (،XRDوحيوي مسحوق الأ(عة السينية ) (،SEMالمجهري االكتروني )

يحاييذذة الت(ذذتت  SPIONsيرهذذرت النتذذائ  يد حجذذم الجسذذيمات يعتمذذي ر(ذذك  كبيذذر علذذى معذذيم التحريذذك وتركيذذز ةييروكسذذيي الصذذوييوم. تذذم تحيذذير 
. يذذذم 1.2يورة فذذذي اليقيقذذذة وتركيذذذز ةييروكسذذذيي الصذذذوييوم  900نذذذانومتر عنذذذي سذذذرعة التحريذذذك  209.32 قذذذيرئ ةيذذذيروييناميكي حجذذذمبنجذذذا  رمتوسذذذ  
. ك(ذذذف فحذذذ  الجسذذذيمات بواسذذذطة emu/g 50النانويذذذة المَّصذذذنوعة سذذذلوكًا مغناطيسذذذيًا فائقًذذذا وكذذذاد مغنطذذذة الت(ذذذرع حذذذوالي  Fe3O4يرهذذذرت جزيئذذذات 

TEM وSEM   نانومتر. بينما يرهر نم   5 ≤ قطرةاعد جسيمات كروية يبلغ متوسXRD .وجوي قمم مطارقة لمرحلة يكسيي الحييي الأسوي 


