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Easy synthesis and characterization of
for biomedical applications
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Easy syntheses ofg-Fe2O3 nanoparticles have bee
present average particle size of 7, 10, and 1
as-obtained and annealed at 150, 175, and 20
particles were partially superparamagnetic. The
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temperature displays superparamagnetic behavior a
with zero hyperfine fields. Superparamagnetic parti
temperatures above blocking temperaturesTB=165 K
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I. INTRODUCTION

In recent years, the magnetic properties of nanometer
sized iron oxide powders such asa-Fe2O3, g-Fe2O3, and
Fe3O4 have been widely studied and interested because mag
netic nanoparticles can be widely used in catalysts, micro
wave magnetic devices, ferrofluids, high density magnetic
recording media and biosensors, and so on.1–6 Biomedical
applications require that iron oxide nanoparticles should be
discrete and superparamagnetic with small particle sizes an
have narrow size distribution for unified physical and chemi-
cal properties.7–9

Many methods are successfully used for the preparation
of particulate oxide materials, e.g., the ceramic method, the
co-precipitation method, the sol–gel method, the crystalliza-
tion with a melting method and so on. But among them the
sol–gel method has many advantages. One of the advantag
of using the sol–gel method is the lower annealing tempera
ture that enables to make smaller grained powders to b
grown se.g., nanocrystalline particlesd. Recently, many meth-
ods have been developed to obtain Fe oxide nanoparticle
For example, Monteet al.10 reported synthesis ofg-Fe2O3

nanoparticles in a silica matrix using two different salt pre-
cursors, FesNO3d3·9H2O and FeCl3·6H2O as raw materials,
Morales et al.11 who also preparedg-Fe2O3 nanoparticles
from the coprecipitation of the mixture of the FeCl3·6H2O
and FeCl2·4H2O salts in alkaline medium. However, rela-
tively higher temperatures, ferric and ferrous salts like start-
ing materials needed in these methods.

Here, we report a novel and easy route tog-Fe2O3 mag-
netic nanoparticles for biomedical applications by a sol–ge
method using FesNO3d3·9H2O as raw material under un
Ar/H2s5%d balance gas atmosphere.

II. EXPERIMENTAL PROCEDURES

Maghemite,g-Fe2O3, nanoparticles have been synthe-
sized by the sol–gel method. Iron nitratesFesNO3d3·9H2Od
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bricated by the sol–gel method. The powders
m with narrow size distribution for samples
C, respectively. At a room temperature, 10 nm
sbauer spectrum for the 7 nm samples at room

YSICS97, 10Q909s2005d
s demonstrated by the single quadrupole doublet
cles display no sextet in Mössbauer spectra at
for the 7 nm sampled. © 2005 American
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was used as starting materials. These were dissolved in a
mixed solvent systemsethanol: distilled water: acetic acid
=6:1:1d. The solution was refluxed at 50 °C for 12 h. Af-
terwards, it was dried in an oven at 100 °C for 72 h and then
oven-dried powders were milled and finely powdered. Then,
g-Fe2O3 particles were obtained by heating at 150 °C,
175 °C, and 200 °C for 3 h in Ar/H2s5%d balance gas at-
mosphere. The powders present average particle size of 7,
10, and 13 nm with narrow size distribution for samples as-
obtained and annealed at 150, 175, and 200 °C, respectively.
When an iron contained precursor sample was annealed at
above 250 °C in Ar/H2s5%d balance gas atmosphere, pure
magnetitesFe3O4d was obtained, as indicated by x-ray dif-
fraction sXRDd and the Mössbauer spectroscopy. Mössbauer
spectra were recorded using a 40 mCi57Co source in a Rh
matrix with the spectrometer working at a constant accelera-
tion. The parameters were obtained by a least-squares fitting
program assuming Lorentzian line shapes. Isomer shift val-
ues are given with respect toa-Fe. The saturation magneti-
zation and coercivities were measured by using a vibrating
sample magnetometersVSMd at a maximum applied field of
15 kOe.

III. RESULTS AND DISCUSSION

X-ray diffraction was used to check the purity of the
phase and to determine crystallographic parameters. The
mean size of the particles was estimated by Scherrer analysis
of the broadening of thes311d reflection plane.12 The broad-
ening reflection peaks are obvious, which indicates the for-
mation of very small particlessnot be shownd. Because of
very similar x-ray peak positions ofg-Fe2O3 smaghemited
and Fe3O4 smagnetited, the x-ray diffraction method cannot
distinguish between maghemite and magnetite nanoparticle
phases. Therefore, for the phase analysis of the Fe oxide
nanoparticles; we carried out Mössbauer spectra in the range
from 11 K to the room temperature. Magnetite is an inverse
spinel structure with a cubic unit cellsa=8.390 Åd. The Fe2+

ions and half of the Fe3+ ions occupy the family of octahe-
dral B sites. The other half of the ions Fe3+ occupies the
tetrahedralA sites. Stoichiometry can be formally described
l:
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