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ABSTRACT

Iron oxide powders have been synthesized by co-precipitation method at
700°C (2h), using X-ray diffraction (XRD), scanning electron microscopy
(SEM) and Fourier transform infrared spectroscopy (FTIR) have been em-
ployed to characterize the magnetite nanoparticles. The resultsindicate that
the formation and stability of magnetite nanoparticles are strongly affected
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by the precursors. The average diameter of iron nano- particles can be con-
trolled by the iron concentration and thermally treatment.
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INTRODUCTION

Nano binary oxide sysemwith controllableszeand
properties has applicationsin miniaturized optical de-
vices, cataysts photonics, advanced high temperature
superconductors/ceramics and integrated optics. Mag-
netic nanoparticlesaregaining increasing attentionin
biomedica applicationd**8. Iron nano-particlescan be
prepared by avariety of methods. Theproblemisthat
thetraditional methodsof synthesisfrom material sci-
encearenot ableto produce uniformand reproducible
particlesof nanometer size. Ontheother hand themag-
netic particles having nanometer dimensionshavethe
tendency to agglomerate’¥l. The co-preci pitation method

hasrevealed the formation of the Fe,O, nanoparticles
inorganic polymersor in silicamatrixes4,

Itiswell known that the structure and composition
of nano oxidesformed by co-preci pitation method de-
pend on the preparation condition, the nature of the
precursors, theion sourceand pH. All the previousstud-
ieshave shownthat thefind product of the decomposi-
tionisa-Fe,O,, whose properties depend of thetem-
perature of annealing™”, trestment condition®® and the
crystdlinity of theinitid materid!™?.

The present paper presentsthe preparation of some
Fe, O, nano-particles obtained by the co-precipitation
method, recently proposed for the synthesisof Nd,O.-
SiO, systemg*9l. The sizeand morphol ogy of the par-
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ticleswere observed by scanning e ectron microscopy
(SEM). Theinteraction of iron oxide hasbeen investi-
gated by | R-spectroscopy.

EXPERIMENTAL

M agnetite nanoparticleswere synthesized by aco-
precipitation method. Thehigh purity reagents. Potas-
sumferri cyanide (K, [Fe(CN),|; Aldrich99.99%), fer-
ricchloride(FeCl.; Aldrich 99.99%), and deionized wa-
ter were used. To prepare the sample 100 ml 0.1 M
K JFe(CN),] agueoussolution wass owly added to 200
ml 0.1 M FeCl, agueoussol ution and theresulting solu-
tion was heated up to 40°C. ThepH of theresultant so-
lution was 9. To thisend, hot solution wasallowed to
cool at room temperature and diluted to double of its
initia volumeafter cooling. Dark green precipitate, so
obtained, wasfiltered, washed many timeswith delon-
ized water and acetoneandfindly alowedtodryinair.
Thesampleswereground to very finepowder. The pow-
der samplecadnedinmufflefurnace(KSL 1600X, MTI)
inair a different heating ratesi.e. fromroomtempera-
tureup to 700°C (2h) at 4°C/h. Complementary meth-
odswere used to characterizethe structure and phase of
hest treated samples. X -ray diffraction pattern of samples
werecarried out by aPhilips X-ray diffractometer PW/
1710; with Ni filter, usng monochromatic CuK a. radia-
tion of wavelength 1.5418A° a 50KV and 40mA. Scan-
ning e ectron microscopy (SEM) of thesampleswasdone
with JEOL-JSM-T330-A 35 CF microscopeat an ac-
celerating voltage of 20K V. Infrared spectrawere col-
lected by using Fourier transforminfrared spectrometer
(Perkin Elmer 1600) ranging 2000-500 cm™.

RESULTSAND DISCUSSION

XRD

X-ray diffraction investigationshavereveal ed that
the samplesheat treated in air at temperatures 700°C
show signal of crystalline phase. With thistemperature
from the amorphous background emerge very broad
diffraction linesdueto weak crystallinity and/or very
small dimension of theiron oxidecrystaline particles.

InXRD patterns of samplesfired at 700°C (Figure
1) at largeangleregion (30-50°) appearsabroad maxi-
mum dueto crystalline character. X -ray diffraction pat-

tern presentswell devel oped diffraction peaksthat can
be undoubtedly ascribed to hematite (a-Fe203), with
an average particlessize of ~20 nm derived fromline
broadening using Scherrer formula
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Figure1: XRD pattern of theiron oxide powder sample
annealed at 700°C (2h).

FTIR

FHgure2 showslIR trangmittance spectra(range 2000-
500cn?) of theheet treated sampleat temperature 700°C
(2h); discrete medium peaksappeared at 695 cm™. In
thislow frequency region of FTIR spectra, amedium
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Figure2: FTIR spectraof iron oxideat different tempera-
tures: 700°C (2h).
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peak appeared at 552 cnt and thisisindicative peak
of theFe-O stretching vibrationiniron oxide. Beside,
the peak centered about 635 and 694 cmr! may be
assigned to a-FeOOH and 3-FeOOH phase, respec-
tively. Inaddition, the peak centered at 1384 cmt can
be ascribed to C-H bending vibration mode. Theweak
band centered around 1641 cm* isdueto the bending
mode of H-O-H adsorbed at the Fe,O, surface. FTIR
resultsa so support the XRD data.

SEM

Theinfluenceof theiron sourceon the propertiesof
the prepared nanoparticlesisadso evidenced in Figure 3,
which presentsthe SEM micrographsof thesamples The
dark field micrographsindicatetheamorphouscharacter
of themgority of nanoparticlesinthesamplestreated at
temperatures 700 °C (2h). The white patches in the mi-
crographreved thecrystdlization of thesamples. Inthis
imageonemay aso seedearly that particdeshavelamd-
lar structuresof irregular shapesand different sizeinthe
range 17-35 nm. Image d so exhibitsweak aggregation
of particles, which was expected dueto the technique
used for thesamplepreparation. Thewesk agglomerate
sructureindicates devel opment of super paramagnetic
structure. The SEM dataa so supportsthe XRD data.

Figure3: SEM photograph of iron oxideat 700°C (2h).

CONCLUSIONS

In summary, the co-precipitation method has been
used to successfully producethe magnetite nanopartides
Thepresenceof the dark-fie d micrographsindicatesthe
amorphous character of the nanoparticlesinthesamples.
Thetendency of crystallization of iron oxidesincreases
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inthecaseof thematerid obtained. Webdievethat these
hydrophilic and biocompati ble nanoparticleswill have
important applications not only in advanced magnetic
materia sandferrof|uid technol ogy, but a soin biomedi-
cd fiddssuch asbiomol ecular separations, targeted drug
delivery, cancer diagnosisand treatment, aswell asmag-
netic resonanceimaging.
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