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Abstract. The thermal decomposition method is often used to synthesize nanoparticles due to 

this method can prepared monodisperse nanoparticles with uniformed size. Especially, this 

method may be controllable size and shape by varying the temperature, precursor concentration 

and surfactant concentration ratio. In this paper, we investigate synthesis of Fe3O4 nanoparticles 

of different size and shapes by thermal decomposition method. The standard phase of the spinel 

structure of Fe3O4 on XRD patterns confirmed the formation of Fe3O4 nanoparticles. TEM 

micrographs show that the monodisperse nanoparticles with uniformed size. The saturation 

magnetization as high as 78 emu/g along with the average particle size of 15 nm was obtained 

from Fe3O4 nanoparticles synthesized at 298 
o
C in 2 hours. The effect of size and shape on 

characteristics of Fe3O4 nanoparticles will be presented and discussed in details. 

Keywords: Fe3O4 nanoparticles, Saturation magnetization, Shape anisotropy, Thermal decomposition 

method 

1.  Introduction 

In recent years, magnetic nanoparticles (MNPs) have been of considerable scientific interest of 

national and international scientists thanks to their abilities to be applied in many fields of science such 

as: biomedicine, catalysis [1] and magnetic data storage [2] . In biomedical field, requirement of 

capacity to control morphology, monodispersed and chemical composition of MNPs holds an 

important role due to the fact that both physical and chemical properties of the MNPs strongly depend 

on these factors. Recently, various approaches have been employed to synthesize MNPs with different 

sizes and shapes, for example: co-precipitation, hydrothermal, solvothermal, electro-chemical, reverse 

micelle and synthesis in organic solvent (thermal decomposition) [3,4]. Among these approaches, 

synthesis in organic solvent is considered as the best method for MNPs production, especially Fe3O4 

MNPs, which attract a lot of interests due to their specific properties and potential applications in 

biomedicine [5,6]. Fe3O4 MNPs can be applied in targeting drug delivery, hyperthermia and contrast 

enhancement of magnetic resonance imaging (MRI) owning to their high saturation magnetization, 

low cytotoxicity and biocompatibility [7,8]. 
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Until now, successes in controlling size and shape of Fe3O4 MNPs have been efficiently reached 

only with thermal decomposition method by using a large amount of toxic and expensive precursors. 

For example, iron pentacarbonyl [Fe(CO)5] was employed to synthesize monodispersed γ-Fe2O3 MNPs 

with average size of 4 -16 nm by adjusting molar ratio of precursors and concentration of surfactant 

[9]. Sun et al. prepared Fe3O4 MNPs using an organic salt, Fe(acac)3, as precursor and 

hecxadecanediol (HDD) as a reductant. The advantage of this approach was its ability to synthesize 

MNPs at as high quality as using [Fe(CO)5]. However, HDD is very expensive and there are still 

inconsistent opinions about its role in synthesis of MNPs [10]. 

In this paper, we present our method to synthesize Fe3O4 MNPs by thermal decomposition 

approach without toxic precursors and expensive reductant. Acetylacetone Fe(acac)3 and Oleylamine 

were employed to overcome the drawbacks indicated above. By adjusting precursor concentration and 

concentration ratio between surfactant oleic acid (OA) and oleylamine (OLA), we could obtain NPs 

with different size and shape. Structure, morphology and magnetic properties of our samples were 

carried out, analyzed, compared and discussed in detail. 

2.  Experimental details 

2.1.  Chemicals 

Iron (III) acetylacetonate (Fe(acac)3), oleylamine (OLA) and oleic acid (OA) purchased from 

Sigma-Aldrich.  

2.2.  Synthesis of Fe3O4 nanoparticles 

The chemical reagents including Fe(acac)3, oleic acid (OA) and oleylamine (OLA) were placed into 

a reaction flask containing 40 ml dibenzyl ether. The mixture was continuously stirred during 30 

minutes before being heated to different reaction temperatures for different reaction times. Heating 

rate was set at 5 
o
C/min for 25 – 100 

o
C period, at 7 

o
C/min for 100 – 200 

o
C period and at 7 

o
C/min 

for 200 – 298 
o
C peirod. After reaction, the mixture was naturally cooled down to room temperature 

and then the particles were washed with ethanol in support of centrifugation before being dispersed in 

n-hexane. 

Samples with different particle sizes were prepared at different concentration of precursor Fe(acac)3 

of 2 mM, 4 mM, 6 mM and 8 mM while the other factors were kept constant: concentration of 

surfactant OA/OLA of 168 mM, reaction temperature of 298 
o
C, reaction time of 2h, and were labeled 

as S1, S2, S3 and S4, respectively. 

Samples with different particle shapes were prepared at different concentration of surfactant 

OA/OLA of 168 mM and OA/OLA of 336 mM while the other factors were kept constant: 

concentration of precursor of 6 mM, reaction temperature of 298 
o
C, reaction time of 2h, and were 

labeled as S5 and S6, respectively. 

2.3.  Characterization of Fe3O4 nanoparticles 

The crystal structures of the samples were characterized by using diffractometer SIEMENS D5000 

with Cu-Ka radiation ( =1.5406 Å) at room temperature. Morphology (size and shape) of the particles 

were obtained by transmission electron microscopy TEM (JEM 1010). The saturation magnetization of 

the samples at room temperature was measured under the highest magnetic field of 10 kOe using a 

vibrating sample magnetometer (VSM) (home-made). 

3.  Results and discussion 

3.1.  Effect of precursor concentration on properties of Fe3O4 MNPs 

In general, the formation and development of MNPs in thermal decomposition approach depend on 

temperature and reaction time. Besides, concentration of precursors also plays an important role. Some 

authors indicated that if the precursor concentration is not compatible with volume of solvent in 

reaction mixture (including surfactants and reaction solvent), it is difficult to control particles size [11-

13]. Therefore, in this work, influence of precursor concentration on properties of MNPs was studied 

to obtain particles at various size ranges. The samples were labeled as S1, S2, S3 and S4 

corresponding to concentration of precursor of 2, 4, 6 and 8 mM. Reaction time was fixed at 2 h and 

reaction temperature was kept at 298 
o
C (boiling temperature of dibenzyl ether). Morphology, size and 
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shape of the particles were analyzed through transmission electron microscopy images (TEM) 

presented in Fig. 1. 

 

 

Figure 1. TEM images of Fe3O4 MNPs samples synthesized at different concentration of precursor in 2 h of 

reaction time at 298 
o
C.  

 

Fig. 1 shows TEM images of Fe3O4 MNPs samples synthesized at different concentration of 

precursor. We can see that all samples contain spherical NPs with relatively homogenous size. After 

analyzing size distribution of NPs, we found that when increased precursor concentration, particle 

sizes increased as following: average size increased from 5.5 nm, 8.5 nm, 14.7 nm and 19.6 nm 

corresponding to sample S1, S2, S3 and S4. In detail, in sample S1 which was of the lowest 

concentration of precursor, particles had smallest average size of about 5.5 nm, homogenous 

distribution and clear particle boundary. When precursor concentration was raised to 4 mM (sample 

S2) and 6 mM (sample S3), average size grew up to about 8.5 nm and 14.7 nm, respectively, particles 

distributed homogenously and particles boundary was clearer than those of sample S1. Moreover, at 

higher Fe(acac)3 concentration of 8 mM (sample S4), particle sizes kept increasing up to about 19.6 nm 

in average. However, particles dispersion was less homogenous and seemed to aggregate. This trend 

suggests that at high concentration of precursor small particles incorporate together to form bigger 

particles. This phenomenon called Ostwald ripening was explained by some groups during the time 

[12,13]. Magnetic properties of these samples were also determined by measuring M(H) and presented 

in Fig. 2. 

 S1 

 S4  S3 
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Figure 2. M(H) curves of Fe3O4 samples at different concentration of precursor in 2 h of reaction time at 298
o
C. 

As shown in Fig. 2, when precursor concentration increased, magnetization of samples increased 

(detail in Table 1). This is a result of increasing particles size caused by higher concentration of 

precursor, and therefore magnetization increased, as explained by other authors [14-16]. 

 

Table 1. Average particle diameter (DTEM), saturation magnetization at 10 kOe (M10kOe) of Fe3O4 

samples at different concentration of precursor. 

Sample S1 S2 S3 S4 

Precursor concentration (mM) 2 4 6 8 

DTEM (nm) 5.5 ± 0.5 8.5 ± 0.8 14.7 ± 1.0 19.6 ± 1.5 

M10kOe (emu/g) 54 62 71 75 

 

We can easily see in Table 1 that at the lowest concentration of Fe(acac)3 of 2 mM, sample S1 had a 

low M10kOe value of only 54 emu/g when that of sample S2, which was synthesized at higher 

concentration of Fe(acac)3 of 4 mM, significantly grew up to 62 emu/g. Saturation magnetization at 10 

kOe expressively improved and reached 71 emu/g and 75 emu/g when precursor concentration was 

used at 6 mM and 8 mM. Although sample S4 had higher magnetization but its particles were bigger 

and more heterogeneous distribution compared to sample S1, S2 and S3. In fact, our objective is to 

synthesize MNPs at different size ranges to determine their magnetic properties and aim to apply the 

sample in biomedicine. Sample S3 is the most suitable to biomedical applications and therefore the 

precursor was not studied at higher concentration. 

3.2.  Effect of surfactant concentration on magnetic properties of Fe3O4 MNPs   

Beside size, shape of MNPs is also an important factor that affects their physical and chemical 

properties. In this section, we fabricated cube MNPs with asymmetrical in addition to spherical MNPs 

to compare their properties. Effect of shape on structure is presented in Fig. 3. 

In Fig. 3, it can be found that X-ray diffraction (XRD) patterns of all samples contain particular 

peaks of ferit spinel structure at (220), (311), (400), (442), (511) and (440). Beside specific peaks 

which are representative for spinel crystal structure of oxides, there was no strange peak, in other 

words, all the samples were monophasic. Specially, in XRD of cube NPs (S6) there was a new peak 

appeared (222). We assume that cubic structure enhances crystallization and crystal size of material 

[17,18]. Crysticallite size of MNPs was also qualitatively examined through the width of the peaks 

shown in Fig. 3. Overally, peak widths of both the two samples were similar indicated that there was 
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insignificant change of particle size when it varied from spherical to cubic structure. To further 

determine size and real shape of MNPs, TEM images of samples were collected and presented in Fig. 

4. 

 

Figure 3. X-ray pattern of Fe3O4 powdered samples with spherical NPs (S5) and cube NPs (S6).   

 

Figure 4. TEM images and size distribution diagram of Fe3O4 samples with spherical NPs (S5), cube NPs (S6).   

From Fig. 4, we found that in the same reaction conditions, increasing surfactant concentration 

results in cube NPs. This kind of particles had well-defined boundary compared to that of spherical 

particles. This result points out that cubic structure leads to better crystalization than spherical one. As 

indicated in size distribution diagram, particle size of these two samples were irrelevant different. This 

observation is consistant with what was indicated from peak width in XRD in Fig. 3. Variation of 

magnetic property of samples with different particle shape was determined through measuring M (H) 

and shown in Fig. 5.  

 S5   S6 
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Figure 5. M(H) curves of Fe3O4 samples with spherical NPs (S5) and cube NPs (S6). 

 

Fig. 5 shows that the saturation magnetization of cube NPs is higher than that of spherical one. 

Coercivity (Hc) of cube NPs (S6) is 2.4 times higher than that of spherical NPs (S5). This is a result of 

shape anisotropy. The saturation magnetization Ms of cube NPs is also consistant with results of XRD 

(Fig. 3) and of TEM images (Fig. 4). The average particle diameter (DTEM), Ms and Hc were listed in 

Table 2.     

 

Table 2. Average particle sizes (DTEM), saturation magnetization (Ms) and coercivity (Hc). 

 D (TEM) (nm) Ms (emu/g) Hc (Oe) 

S5 14.7 ± 0.6 71.2 14.6 

S6 15.2 ± 0.9 78.1 35.3 

4.  Conclusion 

Fe3O4 MNPs were successfully fabricated at different size ranges through investigating the effect of 

precursor concentration. Particle sizes grew from 5.5 nm to 19.6 nm corresponding to the precursor 

concentration increased from 2 mM to 8 mM. About effect of particle shape, two kinds of particles 

taken into consideration were symmetrical (spherical) and asymmetrical (cube) shape. Results showed 

that cube NPs had higher crystallization expressed as its maximum saturation magnetization of 78 

emu/g. Cube NPs with high saturation magnetization and uniform size could be a good candidate for 

biomedical application, especially hyperthermia and MRI contrast enhancement.   
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