
nature. Th

octahedra

about 260

r 2006 E

PACS: 5.70

Keywords:

1. Introd

In rec
nanocrys
ties comp
In parti
have bee
contrast
and as dr
[2,3]. Sup
the nano
[4,5]. Ho
unstable.
other han
offer grea
with desi
the sol–g
enables t

In this
preparati
their mag

0304-8853/$

doi:10.1016

�Corresp
E-mail a
ARTICLE IN PRESS
ate

pe
n

C

ju

n U

ne 2

hod

400
Journal of Magnetism and Magnetic M

Superparamagnetic pro
nano-bio fusio

Seung Wha Leea,
aDepartment of Electronic Engineering, Chung

bDepartment of Physics, Kookmi

Available onli

Abstract

Ni0.7Zn0.3Fe2O4 nanoparticles were fabricated by a sol–gel met

structure and behaved superparamagnetically, while annealed at
e mean size of Ni0.7Zn0.3Fe2O4 nanoparticle is about 11 n

l (B) patterns were found to be 499 and 523 kOe, respective

K. Also, temperature increased up to 43 1C within 7min u
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ent years a lot of work have been done on
talline materials because of their unusual proper-
ared to that of the properties of bulk materials [1].
cular, superparamagnetic (SPM) nanoparticles
n used in biomedicine and biotechnology as
agents in magnetic resonance imaging (MRI)
ug carriers for magnetically guided drug delivery
erpara-magnetism has been extensively studied in
particles of pure metals such as Fe, Co, and Ni
wever, these metal nanoparticles are chemically
Thus, their applications are very limited. On the
d, abundant and diverse magnetic metal oxides
t opportunities for developing SPM nanoparticles
rable properties. One of the advantages of using
el method is the lower annealing temperature that
o make smaller grained powders to be grown.
study, a sol–gel procedure was used for the

on of Ni0.7Zn0.3Fe2O4 nanoparticle powder and
netic and structural properties as a function of
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. Ni0.7Zn0.3Fe2O4 powders annealed at 300 1C compose a spinel

and 500 1C have typical spinel structure with ferrimagnetism in

m. The hyperfine fields at 13K for the tetrahedral (A) and the

ly. Blocking temperature (TB) of Ni0.7Zn0.3Fe2O4 nanoparticle is

nder AC magnetic field of 7MHz.
scopy; Sol–gel method

annealing temperature were characterized by using X-ray
diffactometry (XRD), Mössbauer spectroscopy, and vi-
brating sample magnetometry (VSM) as well as scanning
electron microscope (SEM).

2. Experimental

Nanoparticles Ni0.7Zn0.3Fe2O4 were synthesized by a
sol–gel method. The raw materials utilized in the present
study were Ni(CH3CO2)2 � 4H2O, Zn(NO3)2 � 6H2O, and
Fe(NO3)3 � 9H2O. These were dissolved in a mixed solvent
system (ethanol: distilled water: acetic acid ¼ 6:1:1). The
solution was refluxed at 50 1C for 12 h. Afterwards, it was
dried in an oven at 100 1C for 72 h and then oven-dried
powders were milled and finely powdered. The dried
powder was ground and annealed at temperatures ranging
from 200 to 500 1C for 3 h in air. These compositions of
samples annealed at various temperatures were identified
by X-ray diffractometer with CuKa radiation. The mean
particle size was confirmed by SEM (JSM-6700F). The
Mössbauer spectra were recorded using a conventional
Mössbauer spectrometer of the electromechanical type
with a 30mCi 57Co source in an Rh matrix [6]. Also, the
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