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ABSTRACT

In the last decades, nanotechnology studies have attracted the attention of researchers from various fields,
engineering, chemistry, physics, medicine, environment. Medicine, nanomedicine, the major advances in the
diagnosis and therapies of diseases, such as magnetic resonance imaging and the treatment of cancer by
hyperthermia, respectively. Nanomaterials for such biomedical applications should have size control of less than
20 nm, crystal structure and well-defined morphology. Thus, as nanoparticles of iron oxide (Fe3Oa) is one of the
materials most studied for such applications. Thus, iron oxide nanoparticles were synthesized by variation of the
thermal decomposition method, which is described as one of the best quality nanoparticle synthesis tools.
During the synthesis, we used agai oil, rich in fatty acids, palmitoleic, linoleic and palmitic, as a process of
synthesis and coating of nanoparticles, making them biocompatible. The agai oil was made by the supercritical
extraction method, where the product can be obtained pure, free of solvents. The samples were characterized by
X-ray diffraction (XRD) and the magnetite phase (FesO.) was identify through the position of the intensity
peaks. The nanoparticles present spherical morphology with a diameter of 3 to 10 nm, observed through
transmission electron microscopy (TEM) images. In addition, neutron analysis (NAA) determined that the
samples had a concentration of 74.93% Fe3;0O4 and a remaining database is related to the coating of sample
nanoparticles as potentiated for biomedical applications.

1. INTRODUCTION

In the last decades, magnetic materials at the nanometer scale, with dimensions ranging from
1 to 100 nm have received great attention from researchers from different areas (chemistry,
physics, engineering and medicine) who are studying their properties in a wide variety of
biomedical applications such as controlled drug delivery, magnetic resonance imaging
contrast agent, immobilization and separation of biomolecules, hyperthermia. However, the
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major advances are focused on the diagnosis of diseases by magnetic resonance imaging and
the treatment of cancer by hyperthermia [1-6].

Magnetic nanoparticles for biomedical applications need to be mainly biocompatible and
non-toxic, to have size and shape control, high crystallinity, reproducibility and good
dispersion on substrates and solutions, generating a great demand for high quality materials
[4,5].

Thermal decomposition is one of the best methods of quality nanoparticle synthesis [7-9].
Thus, nanoparticle samples of iron oxide (FesOas) were synthesized by modifying the thermal
decomposition method using acai oil (Euterpe oleracea), as an alternative in the process of
synthesis and coating of nanoparticles, making them biocompatible and not toxic. Vegetable
oils are mostly non-toxic and biocompatible, and their use as a solvent and stabilizing agent
in the synthesis of nanoparticles is based on the concept of green chemistry and
biocompatibility [10].

The oil of the pulp of the fruit of the acai tree extracted by the method of extraction with
supercritical fluid is free of solvents, pure, and rich in fatty acids in different proportions,
being that in greater concentration they are the oleic, palmitoleico, linoleico and palmitic
acids [11].

The magnetite (FesOa4) has a cubic structure and space group Fd3m, with a network parameter
of 8.394 Angstrom, and is composed of Fe?* ions and half of the Fe3* ions distributed in the
octahedral sites (O site) and the other half of the Fe®* ions occupying the sites tetrahedral (site
T). It is a promising candidate among magnetic nanomaterials for biomedical applications
[12-14].

The synthesized samples were characterized by the X-ray diffraction (XRD) technique, to
verify the formation of FesOs nanoparticles; transmission electron microscopy (TEM), to
observe the morphology and grain size distribution; neutron activation analyzes (NAA), to
determine the concentration of Fe3O4 present in the samples.

2. MATERIALS AND METHODS

2.1. Supercritical COz extraction

Acai oil (Euterpe oleracea) was obtained by the supercritical CO> extraction method using a
SPE-ED SFE Applied Separations extraction equipment, model 7071 (Allentown, PA, USA).
The volume of the extraction cell was 5 x 10 c¢cm®. The extraction was carried out at a
pressure of 320 bar, temperature of 70 °C and density of 800 kg.m™, using CO2 (99.9%
purity) with a flow rate of 8.85 x 10 kg.s, as described in the work published by Batista et
al [11].

2.2. Synthesis of iron oxide nanoparticles

The samples of iron oxide nanoparticles were synthesized by modification of the thermal
decomposition method described by Oliveira et al [8] which consisted in the dissolution of 2
mmol of iron (Ill) acetylacetonate in 20 mL of a high boiling solvent (diphenyl ether)
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together with 2 mL of acai oil, 4 mmol of oleylamine and 10 mL of 1,2-octanediol. The
mixture was heated and allowed to stir under nitrogen at reflux for three hours. After cooling
to room temperature, the nanoparticles were purified 3 times by centrifugation (5000 rpm) in
ethanol for 30 minutes. The nanoparticles are then powdered after drying under vacuum.

2.3. X-Ray Diffraction

To verify the formation of the FesO4 nanoparticles, X-ray diffraction (XRD) measurements of
the powder sample were performed using a PANalytical X-ray diffractometer, X'Pert PRO
model with X'Celerator detector, using Cu Ka radiation Aal = 0.154060 nm and Aa2 =
0.154443 nm) and operating at 40 kV voltage and 40 mA current. Data collection was
performed at a step size of 0.05 °.

Through the XRD incident on the material it is possible to reconstruct the periodic structure
of the material using the Bragg law, given by Equation 1.

nA = 2dsend (1)

in which, n is the order of diffraction, 4 is the wavelength and & is the angle between the
incident X-rays and the atomic planes [15].

2.4. Transmission electronic microscopy

To observe the morphology and size distribution of the iron oxide nanoparticles, transmission
electron microscopy (TEM) measurements were performed using a JEOL JEM 2100,
operating with a 200 kV acceleration voltage. A drop of solution containing Fe3O4
nanoparticles dispersed in toluene was deposited on a copper grid for observation and
micrographs of the nanoparticles.

2.5. Neutron Activation Analysis

Neutron activation analysis (NAA) was performed to determine the concentration of Fe3O4
present in the samples. A mass of 30.58 mg of the powder sample was irradiated, along with a
synthetic Fe standard, in the IEA-R1 nuclear reactor. The irradiation time was 16 h under a
thermal neutron flux of 5.4 x 10'? n.cm™ s, After one week of decay, the gamma activities of
the irradiated sample and the Fe standard were measured using a hyperpure Ge detector
connected to a DSA 1000 Digital Spectrum Analyzer, both of the Canberra brand. The Fe
element was identified by the measurement of >°Fe by the energies of gamma rays of 1099.25
and 1291.60 keV and half life of 44.5 d. The Fe concentration was calculated by the
comparative method described by De Soete et al [16] by means of the following relation,
Equation 2.

{0,693.(tda—tdp)}
_ Mp. Aa.€ %
Ma. Ap

Ca

)

the indices a and p samples are a sample and the standard, Ma is total sample mass, my is
mass of the standard, Ca is Fe concentration in the sample, A is radioisotope activity after a
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certain time of decay, t1/2 is life time of the radioisotope considered and td is the decay
time.

3. RESULTS AND DISCUSSIONS

The X-ray diffraction spectrum as a function of 26 of the nanoparticle samples synthesized
with acai oil shows the position of the peaks associated with their respective crystallographic
planes, as shown in Fig. 1, are in accordance with the results shown in [8,9,13,17], indicating
that the synthesized material corresponds to FesO4 nanoparticles, spatial group Fd3m.
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Figure 1: X-ray diffraction spectrum of the FesO4 nanoparticle samples synthesized
with acai oil.

TEM images indicate that the iron oxide particles synthesized with acai oil have spherical
morphology, with mean diameter and standard deviation of 4.09 nm and 1.08 nm,
respectively, as shown in Fig 2. These results are satisfactory, since in their published works
Oliveira et al [8] and Effenberger et al [9] synthesized, by the thermal decomposition method
and with totally synthetic reagents, Fe3O4 nanoparticles with a diameter of 8 nm and 5.6 nm,
respectively, whereas, Matos et al [13] synthesized nanoparticles of iron oxide by co-
precipitation with mean diameters of 12 nm. With respect to the NAA results, it was verified
that 74.93% of the nanoparticles are formed by FesO4 and the remaining mass percentage,
25.07%, consists of carbon chain materials, probably of the fatty acids present in acai oil,
which may be coating the nanoparticles.
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Figure 1: Transmission electron microscopy images of iron oxide nanoparticles
synthesized with acai oil.

However, the use of acai oil as an alternative in the synthesis of FezO4 nanoparticles by the
thermal decomposition method is satisfactory, since the results are in agreement with the
literature [8,9,13,17].

4. CONCLUSIONS

Nanoparticles of FesO4 were synthesized by the thermal decomposition method using acai
oil. Results of XRD and TEM indicate the formation of a single phase of magnetite (Fe3Oa4),
with the formation of spherical nanoparticles, with narrow distribution and size control (4.09
nm). And NAA results show that the nanoparticles are mostly (74.93%), made up of Fe3O4
that may be coated with (25.07%) carbon chain materials that constitute the fatty acids
present in the acai oil. Therefore, these results may contribute to future biomedical
applications. However, characterizations of the magnetic and electrical properties must be
performed.
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