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Influence of different synthesis conditions on properties of
oleic acid-coated-Fe3O4 nanoparticles

ATIEH ALIAKBARI, MAJID SEIFI∗, SHARAREH MIRZAEE, HODA HEKMATARA

Department of Physics, Faculty of Science, University of Guilan, Rasht, 41335-1914, Iran

In the present paper, iron oxide nanoparticles coated by oleic acid have been synthesized in different conditions by co-
precipitation method. For investigating the effect of time spent on adding the oleic acid to the precursor solution, two different
processes have been considered. The as synthesized samples were characterized by X-ray diffraction (XRD), transmission
electron microscopy (TEM) and Fourier transform infrared spectroscopy (FT-IR). Magnetic measurement was carried out at
room temperature using a vibrating sample magnetometer (VSM). The results show that the magnetic nanoparticles decorated
with oleic acid decreased the saturation of magnetization. From the data, it can also be concluded that the magnetization of
Fe3O4/oleic acid nanoparticles depends on synthesis conditions.
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1. Introduction

Ferrites with the general formula AB2O4 have
attracted much attention due to their wide applica-
tions, such as data storage [1], magnetic resonance
imaging (MRI) contrast agents [2], magnetically
guided drug delivery [3], and catalysis [4]. Among
the ferrites, magnetite is a frequently used mag-
netic nanoparticle (MNP) because of its high sat-
uration magnetization, ease for bio-molecule tag-
ging, and bio-compatibility [5, 6]. The magnetite
(Fe3O4) has an inverse spinel structure, which con-
tains iron cations in mixed oxidation states with
Fe3+(Fe2+Fe3+)O4 formula. In this structure, the
oxygen atoms form a face-centered cubic close-
packed array and the half of the ions are tetrahe-
drally coordinated, while the other half of the Fe3+

ions and all of the Fe2+ ions are octahedrally coor-
dinated [7].

The aforementioned ferrite has unique electri-
cal and magnetic properties based on the trans-
fer of the electrons between the Fe2+ and Fe3+

ions in the octahedral sites. However, MNPs show
novel properties, which are different from those
of the bulk materials, due to their small size and
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fundamental changes in the coordination, symme-
try and confinement [8]. One of the most com-
mon methods for synthesizing the iron oxides in
nanoscale regime is the chemical co-precipitation
due to low cost and easy synthesis process [9],
however, in this method it seems to be a large ten-
dency to agglomeration and MNPs are susceptible
to air oxidation [10, 11].

According to the previous works, modification
of the surface of Fe3O4 nanoparticles during the
synthesis by organic materials, like polymers [12–
16] and fatty acid [17–25], can reduce the aggre-
gation and prevent the possible air oxidation. Most
of the aforementioned studies, which concerned the
oleic acid, have been focused on the variations of
parameters, like temperature, pH, amount of sur-
factant and stirring speed.

To the best knowledge of the authors, the ef-
fect of time, in which the oleic acid adds to the
mixture, has not been studied so far. Hence, in this
paper, we synthesized pure and oleic-acid-coated
Fe3O4 particles in two different conditions by co-
precipitation method. The results show that the pro-
cess of addition of oleic acid to the precursors can
affect the structure and size of the spinel ferrite and
change the magnetic properties of MNPs.
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2. Experiments

2.1. Materials

All chemical materials, including iron chloride
hexahydrate FeCl3·6H2O, iron sulfate heptahy-
drate FeSO4·7H2O and oleic acid (C17H33COOH),
which were purchased from the Merck Chemical
Corporation, were used as received without further
purification.

2.2. Synthesis of pure Fe3O4 NPs

The flowchart of magnetite nanoparticles prepa-
ration is shown in Fig. 1. At first, 2.59 g of ferrous
chloride hexahydrate and 1.33 g of ferric sulfate
heptahydrate were dissolved into 100 mL of dis-
tilled water, separately. Then these two solutions
were mixed together under the Ar atmosphere at
80 °C. In the next step, ammonia solution (25 mL)
as a precipitant was added dropwise to the reaction
solution under the vigorous magnetic stirring and
Ar atmosphere for 30 minutes. The black precipi-
tate was washed several times with distilled water.
Finally, the product was dried in an oven at 70 °C
for 12 hours. The sample from uncoated Fe3O4
nanoparticles was labeled as sample a.

2.3. Surface coating with the oleic acid

Sample b: 5 mL of oleic acid was dissolved
in 5 mL of acetone and then, the oleic acid so-
lution was mixed with the solution of precursors
all at once at room temperature and under the Ar
atmosphere, before adding ammonia solution. Af-
ter that, 25 mL of ammonia solution was added
dropwise to the mixture at 80 °C and stirred for
one hour. Sample c: at first ammonia solution was
added dropwise to the solution of precursors at
80 °C under the Ar atmosphere for 30 min. Then,
the oleic acid solution was added dropwise to the
mixture for one hour. In both samples the black
precipitate was washed several times with n-hexan
and distilled water to remove the remaining oleic
acid and impurities, then the samples were dried at
70 °C for 12 hours.

Fig. 1. Flow chart of magnetite nanoparticles prepara-
tion.

2.4. Characterization
The as synthesized samples were characterized

by X-ray diffractometer (XRD) using a PW 1800
(Philips, Netherland) and CuKα radiation (λ =
0.154 nm). In order to calculate crystallite size,
the Scherrer’s formula was applied. For evaluation
of the interaction between oleic acid and Fe3O4
nanoparticles (FT-IR) spectra of KBr pellets were
measured with the Fourier transform infrared spec-
trometer (Nicolet Magna, IR 560, USA) in trans-
mission mode. Magnetization of the specimens
was measured by vibrating sample magnetome-
ter (VSM), (Meghnatis Daghigh Kavir Co., Iran).
The morphology of nanoparticles was observed by
transmission electron microscopy (Philips CM 10).

3. Results and discussion
3.1. XRD

The XRD patterns of the samples are shown
in Fig. 2. As can be seen, all the samples have
the cubic spinel structure and pure phase of
Fe3O4 is confirmed by the diffraction peaks, which
are well matched with the standard diffraction



102 ATIEH ALIAKBARI et al.

spectrum (JCPDS Card No.19-0629), [26–28].
Also the black color of the products further testi-
fies that they contain solely the magnetite phase,
not the maghemite phase. It has also been shown
in section 3.4 that our samples have a high satura-
tion magnetization of about 62 emu/g. It is worth
mentioning that the magnetite has a higher mag-
netization value than that of the maghemite (of 30
to 40 emu/g [29, 30]). Consequently, the as syn-
thesized samples have the saturation magnetization
corresponding to magnetite.

In addition, the XRD patterns show that
the presence of oleic acid in the synthesis has
not changed the structure of obtained magnetite
nanoparticles.

Fig. 2. X-ray diffraction patterns of iron oxide nanopar-
ticles corresponding to samples a, b and c.

The two main properties obtained from the peak
width analysis are crystallite size and lattice strain.
The average crystallite size corresponding to the
(311) diffraction peak of the strongest intensity was
calculated by the Scherrer’s formula [31]:

D =
Kλ

β cosθ
(1)

where D is the average crystallite size of nanopar-
ticles, λ is the wavelength of incident X-ray
(0.154 nm), K is the shape factor (0.9), β denotes
the full width at half-maximum, and θ is the an-
gle of the strongest peak. The results show that the
crystallite size of samples a, b and c is about 18, 9
and 11 nm, respectively.

The crystallite size and lattice strain of the
samples have been also estimated using the
Williamson-Hall (W-H) equation [32]:

β cosθ =
kλ

D
+4ε sinθ (2)

where ε is the strain distribution within the
nanoparticles. Equation 2 represents the uniform
deformation model (UDM), where the strain was
assumed to be uniform in all crystallographic di-
rection. The crystallite size was estimated from the
y-intercept and the strain ε obtained from the slope
of the fit.

The W-H plots of all the samples (using the best
linear fit to data) are shown in Figs 3, 4 and 5. The
results of W-H calculations show that the crystallite
sizes of the samples a, b, c are 20, 11 and 13 nm,
respectively. In addition, the obtained amounts of
strain are 0.0011, 0.0005 and 0.0004.

Fig. 3. The plot obtained from the W-H analysis of the
sample a.

3.2. TEM

Morphology and mean particle size of prepared
pure magnetite nanoparticles were determined by
TEM (Fig. 6). The particles are quasi-spherical and
have the size ranging from 18 to 22 nm. Also, the
particle size was estimated from TEM, which was
consistent with XRD result.
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Fig. 4. The plot obtained from the W-H analysis of the
sample b.

Fig. 5. The plot obtained from the W-H analysis of the
sample c.

3.3. FT-IR
To investigate the formation of the interaction

between Fe3O4 nanoparticle and its oleic acid shell,
FT-IR spectroscopy has been used. Fig. 7d shows
the FT-IR spectra of a pure oleic acid. The dips at
2926 and 2858 cm−1 are due to the symmetric and
asymmetric stretching vibration of CH2 [33]. An
absorption band at 1711 cm−1 presents the stretch-
ing vibration of carboxyl group (C=O). The O–H
in-plane and out-of-plane bands appear at 1455 and
939 cm−1, respectively. The characteristic absorp-
tion band at 1286 cm−1 corresponds to the bending
vibration of C–O.

In the case of uncoated iron oxide nanoparti-
cles, the bond at 3386 cm−1 is assigned to stretch-
ing (ν) vibrations and the band at 1625 cm−1

Fig. 6. TEM image of the sample a.

Table 1. The average crystallite size and strain of the
pure and coated MNPs.

Strain Williamson-Hall Debye-Scherrer Sample
method (nm) method (nm)

0.0011 20 18 a
0.0005 11 9 b
0.0004 13 11 c

is assigned to bending (δ) vibrations due to ad-
sorbed water on the surface of iron oxide nanopar-
ticles [34]. The two distinct absorption peaks at 447
and 570 cm−1 are attributed to the stretching vibra-
tion of Fe–O bonds in the octahedral and tetrahe-
dral sites [35].

Fig. 7b and 7c show the FT-IR spectra of the
Fe3O4 /oleic acid samples. Comparing with the
spectrum of pure oleic acid (Fig. 7d), in the sam-
ples b and c, the C–H asymmetric bending vibra-
tion shifted to 2922 and 2920 cm−1 and the C–H
symmetric bending vibration shifted to 2853 and
2852 cm−1, respectively.

As a result, the characteristic bands shifted
to a lower frequency region, which indicates the
hydrocarbon chains in the monolayer surround-
ing the nanoparticles in a close-packed crystalline
state [36].

The sharp dip at 1711 cm−1 disappeared in the
spectra of the coated nanoparticles (Fig. 7, sam-
ples a and c), and two new dips are observed at
1532, 1639 cm−1 (sample b) and 1562, 1627 cm−1

(sample c), which correspond to the asymmetric
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Fig. 7. The FT-IR spectra of the samples a – c and pure
oleic acid d.

and symmetric stretching vibrations of (COO−),
respectively [37, 38]. This can be explained in such
way that the carboxyl groups of oleic acid com-
bined with the Fe atoms on the surface of Fe3O4
nanoparticles.

The characteristic IR bands of oleic acid and
other samples have been summarized in detail in
Table 2.

Fig. 8. The hysteresis loops of samples a – c.

3.4. VSM
The magnetic properties of Fe3O4 and oleic

acid coated Fe3O4 nanoparticles were investigated
using a vibrating sample magnetometer (VSM) at
room temperature. Fig. 8 shows the magnetization
as a function of the applied magnetic field between
−10 and 10 KOe. There is no pronounced hys-
teresis loop, which indicates that both retentivity
and coercivity of the composites are zero. This

Table 2. Assignment of FT-IR spectra of uncoated iron
oxide, oleic acid coated iron oxide, and pure
oleic acid.

Description IR region or
band (1/cm)

Samples

Uncoated iron
oxide a

447
570
1625
3386

ν (Fe–O)
ν (Fe–O)
δ (H–O)
ν (H–O)

Oleic acid coated
iron oxide b

451
589
1407
1532
1639
2853
2922
3445

ν(Fe–O)
ν (Fe–O)
δ (C–H)
νas (COO)
νs (COO)
νs (C–H)
νas (C–H)
ν (H–O)

Oleic acid coated
iron oxid c

439
574
1419
1562
1627
2852
2920
3423

ν (Fe–O)
ν (Fe–O)
δ (H–O)
νas (COO)
νs (COO)
νs (C–H)
νas (C–H)
ν (H–O)

Pure oleic acid
d

939
1288
1455
1711
2858
2926

O–H out-of-
plane
ν (C–O)
O–H in-plane
ν (C=O)
νs (C–H)
νas (C–H)

observation is consistent with the superparamag-
netic behavior of all samples [39–41].

The obtained value of the saturation magnetiza-
tion for the pure magnetite nanoparticles is about
62 emu/g, which is obviously smaller than that of
its bulk value. That can be attributed to the smaller
particle sizes. The more the decrease in particle
size, the larger the surface spin canting, and, con-
sequently, a significant reduction in the magnetiza-
tion value is obtained [42]. Therefore, the smaller
particles apparently have lower magnetization. The
saturation magnetization value of the samples b and
c are about 48 and 57 emu/g, respectively. This
lowering is due to the smaller size of the coated
particles and the presence of a non-magnetic oleic
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acid coating on the surface of the particles. In the
sample b the oleic acid was added to the precursors
all at once in comparison to the sample c, which
caused defects in cubic lattice. Consequently, the
nanoparticles experienced the strain. According to
Table 1 the amount of strain in the sample b is
higher than in the sample c. In addition, it is known
that strains tend to reduce the saturated magnetiza-
tion. Hence, the amount of saturation magnetiza-
tion in sample b is lower than in the sample c.

4. Conclusions
We have shown that the modified co-

precipitation method for synthesizing oleic
acid coated Fe3O4 nanoparticles, carried out in
two different processes, can affect the magnetic
properties of MNPs, like the size and satura-
tion magnetization. We revealed that the coated
nanoparticles had a smaller size with respect
to the pure nanoparticles. The dependence of
magnetization on the size of the nanoparticles
has been clearly shown in this paper. For smaller
nanoparticle sizes, magnetization decreased. The
amounts of strain in the as-synthesized samples
were determined from the W-H method. The
results showed that when the oleic acid was added
to the solution of precursors all at once, the size of
MNPs was smaller than in the case when the oleic
acid was added to the mixture of the precursors
dropwise, but the amount of strain in the samples
obtained in the first process was higher than in
the second one. All the aforementioned factors
resulted in lowering the saturation magnetization
in sample b.
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