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Nanoparticles Ni0.9Zn0.1Fe2O4 is fabricated by a sol-gel method. The magnetic and structural properties of pow-
ders were investigated with XRD, SEM, Mössbauer spectroscopy, and VSM. Ni0.9Zn0.1Fe2O4 powders annealed
at 300 oC have a spinel structure and behaved superparamagnetically. The estimated size of Ni0.9Zn0.1Fe2O4

nanoparticle is about 10 nm. The hyperfine fields at 13 K for the A and B patterns are found to be 533 and 507
kOe, respectively. The ZFC curves are rounded at the blocking temperature (TB) and show a paramagnetic-like
behavior above TB. TB of Ni0.9Zn0.1Fe2O4 nanoparticle is about 250 K. Nanoparticles Ni0.9Zn0.1Fe2O4 annealed at
400 and 500 oC have a typical spinel structure and is ferrimagnetic in nature. The isomer shifts indicate that the
iron ions were ferric at the tetrahedral (A) and the octahedral (B). The saturation magnetization of nanoparti-
cles Ni0.9Zn0.1Fe2O4 annealed at 400 and 500 oC are 40 and 43 emu/g, respectively. The magnetic anisotropy con-
stant of Ni0.9Zn0.1Fe2O4 annealed at 300 oC were calculated to be 1.6 × 106 ergs/cm3.
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1. Introduction

In recent years a lot of work has been done on
nanocrystalline materials because of their unusual proper-
ties compared to the properties of bulk materials [1, 2]. In
particular, superparamagnetic nanoparticles have been
used in biomedicine and biotechnology as contrast agents
in magnetic resonance imaging (MRI) and as drug carriers
for magnetically guided drug delivery [3, 4]. Super-
paramagnetism has been extensively studied in the nano-
particles of pure metals such as Fe, Co, and Ni [5, 6].
However, these metal nanoparticles are chemically
unstable. Thus, their applications are very limited. On the
other hand, abundant and diverse magnetic metal oxides
offer great opportunities for developing superparamag-
netic nanoparticles with desirable properties. The nano-
particles of metal oxides such as spinel ferrites possess
great potentials for applications since they are relatively
inert and their magnetic properties can be fine tuned by
chemical manipulations [7]. Solution routines are
commonly used to fabricate ultrafine powders rather than

a solid-state reaction process. One of the solution routines
is the sol-gel method, which is known as a technique for
low temperature synthesis of glass, ceramic, and other
materials. A few sol-gel methods for ultrafine cobalt,
barium ferrite powders have been introduced [8, 9].
However, Zn-doped nanoparticles Ni0.9Zn0.1Fe2O4 has not
yet been investigated to a great extent.

In this study, a sol-gel procedure was used for the
preparation of nanoparticles Ni0.9Zn0.1Fe2O4 powders and
their magnetic and structural properties as a function of
annealing temperature were characterized by using an x-
ray diffractometry, Mössbauer spectroscopy, and vibrating
sample magnetometry (VSM) as well as scanning elec-
tron microscopy (SEM). 

2. Experimental Procedures

Nanoparticles Ni0.9Zn0.1Fe2O4 was synthesized by a sol-
gel method. The raw materials utilized in the present
study were Ni(CH3CoO2)2·4H2O, Zn(NO3)2·6H2O, and
Fe(NO3)3·9H2O. These materials dissolved in ethylene
glycol and distilled water for 30 min using an ultrasonic
cleaner. The solution was refluxed at 80 oC for 12 h to
allow the gel formation and then dried at 100 oC in a dry-
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