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We present the magnetic properties and the material characteristics of magnetite (Fe3 O4 ), which was successfully prepared by using
the reaction of iron(III) acetylacetonate [Fe(acac)3 ] with surfactants at high temperature (so called by “high temperature decomposition
method”). According to the results of high resolution transmission electron microscopy (HRTEM) analysis, the prepared iron oxide
particles had the average particle sizes between 4 and 6 nm and very uniform size distributions. The crystal structure analyzed by using
both XRD and Mössbauer spectra confirmed that the prepared iron oxide nanoparticles only have single magnetite (Fe3 O4 ) crystal
phase. The typical superparamagnetic behaviors were observed from the prepared iron-oxide nanoparticles. In addition, they showed
of 59.5 emu/g for 4 nm, and of 59.7 emu/g for 6 nm, respectively at room temperature under the
the saturation magnetization,
externally applied magnetic field of 10 kOe. The measured Mössbauer spectrum at 4.2 K was fitted using two magnetic components:
(1) hyperfine fields hf = 514 and 492 kOe, (2) isomer shifts = 0 35 and 0 73 mm/s. The fitted data apparently verified that the
prepared iron oxide samples only have pure magnetite ([Fe3+ ] [Fe2+ Fe3+ ] O4 ).
Index Terms—Bio-medical applications, magnetite, Mössbauer spectroscopy, nanoparticles, superparamagnetism.

I. INTRODUCTION

II. EXPERIMENTAL PROCEDURES

S THE interests of magnetic nanoparticles for the variety
of biomedical applications have been dramatically increased, the precise characterizations of magnetic nanoparticles
in terms of magnetic properties, crystal structures, particle size,
and bio-comparable stabilities are being urgently required to
accelerate the technical applications of magnetic nanoparticles
to the clinical treatments in the very near future [1]–[3]. Accordingly, various innovative approaches have been suggested
by many research groups in order to precisely verify and to
clearly characterize the structural and magnetic properties of
magnetic nanoparticles. However, in spite of a lot of efforts,
there is still restriction to characterize the performances and
qualities of nano-size controlled magnetic particles due to the
functional or operating limits of the conventional analyzing and
characterizing tools.
In this work, we propose Mössbauer studies as a new approach to characterize the magnetic and structural properties
of nano-size controlled iron oxide magnetic particles, because
Mössbauer studies are expected to provide more precise information related to magnetic properties and crystal structure of
magnetic nanoparticles especially, in distinguishing magnetite
(Fe O ) from maghemite, and other spinel oxides. The temperature and hyperfine fields were changed as parameters to control
Mössbauer spectrum. The magnetic and structural properties of
iron oxide magnetic nanoparticles characterized by Mössbauer
spectrum were compared with the analyzed results by conventional x-ray diffractometer (XRD) and vibrating sample magnetometer (VSM).

Magnetite (Fe O ) with spinel structure was prepared by the
chemical reaction of iron(III) acetylacetonate [Fe(acac) ] with
surfactants at high temperature. The reaction of Fe(acac) with
surfactants at high temperature successfully leads to form dispersed Fe O nanoparticles, because the reaction allows Fe O
nanoparticles to be easily isolated during the chemical reaction
between byproducts and the ether solvent [4]. As a solvent, the
phenyl ether, benzyl ether, and 1, 2-hexadecanediol were used in
this experiment [5]. Fe(acac) was mixed in both phenyl ether
and benzyl ether for synthesizing magnetite (Fe O ). Due to
the chemical potential during synthesis, magnetite is preferred
to compound with the lower boiling point ether (phenyl ether
(259 C)). Accordingly, it can be suggested that a suitable selection of solvent materials plays a crucial role in controlling the
size of iron oxide nanoparticles.
radiated XRD was used for verifying the exisThe Cu
tence of impurities in the prepared samples. Mössbauer spectra
were obtained at room temperature, and 4.2 K, respectively,
using a constant acceleration of Mössbauer spectroscopy with
a 50 mCi Co in Rh matrix. The isomer shift values were determined using the Fe metal [6]. The size of iron oxide magnetic
nanoparticles was analyzed using high resolution transmission
electron microscopy (HRTEM).
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III. RESULTS AND DISCUSSION
XRD was used to confirm the crystal phases and to determine the crystallographic parameters of the prepared iron oxide
nanoparticles. However, based on the analyzed XRD patterns
as shown in Fig. 1, the crystal phase of the prepared iron-oxide
magnetic particles can not be clearly distinguished, because of
the similar crystalline lattice parameters and line broadness between maghemite ( -Fe O ) and magnetite (Fe O ) with the
spinel structure.

0018-9464/$20.00 © 2005 IEEE

