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Abstract:

In this study, magnetic iron oxide nanoparticles (Fe3O4) with the size range of 20-30 nm were prepared by the
modified controlled chemical co-precipitation method from the solution of ferrous/ferric mixed salt-solution
in alkaline medium. In this process polyethylene glycol was used as a surfactant to prevent the solution from
agglomeration. The prepared magnetic nanoparticles were characterized by X-ray diffraction (XRD) analysis,
scanning electron microscopy (SEM) and vibrating-sample magnetometer (VSM). XRD image indicates the
sole existence of inverse cubic spinel phase of magnetic iron oxide nanoparticles (Fe3O4). SEM image show
that the dimension of magnetic iron oxide nanoparticles (Fe3O4) is about 24 nm. VSM patterns demonstrate
superparamagnetic properties of magnetic nanoparticles.
Keywords: Magnetic iron oxide nanoparticles, Polyethylene glycol, Surfactant, Superparamagnetic, Chemical
co-precipitation

1. INTRODUCTION
Nanoscience
and
nanotechnology
have
gained significant momentum in recent years.
Nanotechnology involves the study and use of
materials at nanoscale dimensions (nanomaterial
sizes of ≤100 nm), exploiting the different
physiochemical
properties
exhibited
by
nanomaterials from the same materials at a larger
scale. Nanometer-sized materials have attracted
substantial interest in the scientific community
because of their special properties. The relatively
large surface area and highly active surface sites
of nanoparticles enable them to have a wide range
of potential applications magnetic iron oxide
nanoparticles as a new kind of nanometer-sized
material, have multiple practical applications,
such as physics, medicine, and biology due to

their multifunctional properties such as small size,
superparamagnetism and low toxicity [1-10].

2. EXPERIMENTAL
2.1. Materials
Ferric chloride hexahydrate (FeCl3.6H2O), ferrous
chloride tetrahydrate (FeCl2.4H2O) and ammonium
hydroxide (NH4OH) purchased from Merck. Oleic
acid and polyethylene glycol (PEG-4000) were
purchased from Merck. All acids used were of the
highest purity available and they were obtained
from Merck.
2.2. Instrumentation
The size of the particles were characterized by
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Figure. 2 shows the Scanning electron microscopy (SEM)
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2
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Here, xi is the initial magnetic susceptibility xi= (dM/
dH) H
and ρ is the density of Fe3O4 (5.18 g/cm3),
0
and KB Boltzmann constant. The initial slope near
the origin was determined from the hysteresis plots
by curve-fitting the linear portion of the data. The
saturation magnetization Ms from them magnetization
curve in Figure   3 for the Fe3O4 nanoparticles
was found to be 58.33 emu/g at 300 K. Thus, the
magnetic particle size Dm of sample was calculated
with 6.9 nm. This value of Dm is smaller than the
particle size observed from SEM measurement. The
difference between Dm and DSEM is most likely due to
contributions of a magnetically “dead layer” reported
to be present on the surface of particles.
For superparamagnetic particles, the true magnetic
moment at a particular temperature can be calculated
using the Langevin function:
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