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ABSTRACT

Magnetic nanoparticles are of interest in various research fields such as magnetic fluids, catalysts, biotechnology,
medicine, information storage, and environmental issues. However, spinel ferrite magnetic nanoparticles with proper
magnetic properties could not be used alone in these applications because of their lack of biocompatibility and
instability in aqueous solutions. Surface coating is an effective strategy to eliminate or minimize this issue. In this study,
FeFe;04 and ZnFe,04 spinel ferrites were synthesized using the reverse co-precipitation method under a nitrogen gas
atmosphere. The magnetic behavior of the particles, determined by a vibrating magnetometer (VSM) showed the
saturation magnet (Ms) values of the FeFe,O4 and ZnFe,O4 spinel. Fourier-transform infrared (FTIR) spectra showed
two high-frequency bands v1 and v2 at about 554-578 and 368-397 cm’!, respectively, which were related to the spinel
structure. Finally, the synthesized FeFe,O4 nanoparticles were coated with chitosan and polyethylene glycol (PEG)
biopolymers. The TEM and FTIR analysis indicated that the magnetic nanoparticles were uniformly coated by the
biopolymers.

Keywords: Nanomaterials; Spinel ferrite; Reverse co-precipitation method; Coating; Chitosan; Polyethylene glycol.

1. INTRODUCTION

Nowadays, Magnetic Nanoparticles (MNPs) are
increasingly used in biomedical applications such
as magnetic hyperthermia, magnetic resonance
imaging (MRI), contrast enhancements, and drug
delivery systems [l]. Hyperthermia, as an
adjuvant therapeutic modality for cancer, refers to
the artificial increment in tissue temperature to
40—44°C [2]. In recent years, ferrites containing
divalent cations other than Zn such as Co, Ni, Fe,
Mn, and Mg are widely investigated for their
possible applications to find out newer agents
with optimum magnetic and structural properties
[3]. Although iron oxide NPs possess several
advantages, there are shortcomings to their
extensive use as drug delivery vehicles, because
of their poor colloidal stability under hydrophilic
conditions and the need to protect them from
degradation. There are various reports in the
literature that describe the surface coatings of
MNPs using starch, chitosan, polyvinyl alcohol,

*: saeri_mohammad@yahoo.com

PEG, oleic acid and lauric acid, etc. PEG is
nontoxic and its attachment with nanoparticles
provides a great biocompatible and protective
surface. [1, 3-5]. The aim of this study was to
produce nanoparticles suitable for hyperthermia
applications, using available local materials and
equipment. In this paper, the results of synthesis, and
characterization of iron and zinc spinel nanofrites as
well as coated Fe;O4 NPs (with chitosan and PEG
biopolymers) were presented.

2. MATERIALS AND METHODS
Analytical grades of FeCls.6H,O, FeCls.6H,0,
and ZnCl, were used as raw materials. Spinel
nanoparticles with the general formula of MFe,;O4
(M*= Fe?* and Zn?") were synthesized by the
reverse co-precipitation method, following the
technique presented in [4]. Then, MNPs were
characterized, using, TEM, and FTIR methods.
Furthermore, the magnetic properties were studied
by VSM (MDKB (Meghnatis Daghigh Kavir Co.,
Iran) As-synthesized ZnFe,O4 nanoparticles were

93 Journal of Advanced Materials in Engineering, Vol. 41, No. 1, Spring 2022
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encapsulated by chitosan and PEG biopolymers at
room temperature following the technique presented
in [14] and [15], respectively. The TEM and FTIR
analyses were used to study the coated MNPs.

3. RESULTS AND DISCUSSION

The XRD and SEM studies clearly revealed the
spinel structure for both FeFe,O; and ZnFe,O4
composition. The characterization results were
described elsewhere [4]. The infrared spectra of
spinel ferrites MFe>O4 (M = Fe and Zn) showed
two high-frequency bands (v; and v;) at a range of
around 578-554 ¢cm™! and 397-368 ¢cm!, which
were the characteristic peaks of the spinel
structure (see Fig. 1). The tetrahedral site of the
zinc ferrite sample was filled with 59% Zn*",
leading to an increase in the length of the cation-
oxygen bond. As a result, the cation-oxygen bond
was weakened and v; was reduced (from 570.39
to 554.91 cm™). In the v, band, increasing the
radius of divalent cations in octahedral spaces
increased the length of the cation-oxygen bond
followed by an increase in the wavenumber (from
373.11 to 392.92 cm™). As well, for the zinc
samples, the Fe*" ions strengthened the metal-
oxygen bond in the octahedral site, which had a
positive effect on increasing the wavenumber [4,
71.
The M-H of the spinel nanoparticles with
magnetic properties were prepared with different
doped elements (Fig. 2). The MS values of
FeFe,O4 and ZnFe,O4 samples were 2.11 and 37.1
emu/g, respectively. The saturation magnet (Ms)
values depended on the M>" cations and also the
particle size [4, 7]. Decreasing the size of particles
reduced the magnetic properties compared with
the bulk state. Bulk zinc ferrite had zero magnetic
moment due to the lack of free electrons in the
Zn*" and Fe*" magnetic moment was canceled by

H (kOe)

Fig. 2 M-H curves of the synthesized samples

the spin directions, but zinc ferrite nanoparticles
had a very low magnetic moment due to the cation
distribution [5-7].

The TEM images of the coated nanoparticles
are shown in Fig. 3, confirming the uniformity of
the coatings on the MNPs. Both particles showed
spherical morphology with an average size of 27 nm.

The FTIR spectra of MNPs coated with chitosan
and PEG are shown in Fig. 4. Compared to Fig. 3,
the new characteristic bands of chitosan and PEG
were characterized. This result was similarly
reported by Zhou et al. [S] and Masoudi et al. [4].

4. CONCLUSION

Although iron ferrite nanoparticles are larger than
zinc ferrite nanoparticles, based on the results of
weak magnetization of zinc nanoferrite compared
to iron nanoparticles, these nanoparticles are more
suitable for use in hyperthermia. Also, the results
of the TEM study showed that the chitosan and
polyethylene glycol coating of these nanoparticles
are uniform.
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