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Neutron diffraction and Mo ¨ ssbauer stu
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Al substituted CoAlxFe22xO4 powders were fabrica
and structural properties were studied with therm
spectroscopy, and magnetization measurements
found to have a cubic spinel structure with lattic
temperature, respectively. Neutron diffraction pat
temperature ranges from 10 to 816 K. Neutron di
of ferrimagnetic ordering, with the effective
Fe31(B)(4.81mB), and Co21(B)(2.98mB), respec
magnetic hyperfine field in57Fe nuclei at the tetrah
based on the Ne´el theory of magnetism. For the
interaction and intrasublattice A–A superexch
strengths ofJA–B5223.3kB and JA–A5218.0kB ,
superexchange interaction was found to be ferr
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interpreted that the unusual reduction of magnetic
the A–A interaction are closely related to the cov
Physics. @DOI: 10.1063/1.1557955#

I. INTRODUCTION

Cobalt spinel ferrites are extensively studied for thei
recently observed promising application as recording medi
for their large magneto-optical effects due to the chemica
stability.1 For the practical application of Co ferrites such as
magnetic recording and magneto-optic recording media,
sol-gel pyrolysis method is introduced as an alternative t
some of the other deposition techniques that have been us
to grow Co ferrite thin films.2 In recent years, various kinds
of Co ferrites have been studied for controlling the size o
the particles.3,4 For the understanding of magnetic interaction
behavior, nonmagnetic ions (Al31, Y31) were employed to
dilute the magnetic materials.5,6 When one tries to obtain a
small size of particles and to control its magnetic behavior
the systematic understanding of superexchange interactio
between magnetic ions is essential. Studies on the super
change interaction of ferrites have been reported by a num
ber of authors.7–9 Two sets of data, namely, magnetic mo-
ment and paramagnetic susceptibility, can be used
determine accurate superexchange strengths. However,
total spontaneous magnetic moment near the Ne´el tempera-
ture cannot be correctly determined in a high-external mag
netic field due to the induced magnetic moment. Thus,
would be desirable to obtain two series of data unaffected b
an external magnetic field. The magnetic hyperfine fields ca
be measured without the help of an external magnetic fie
using the Mo¨ssbauer spectroscopy. When one obtains supe
exchange parameters, one can only deduce the individu
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d using the sol-gel method, and their magnetic
l analysis, x-ray, neutron diffraction, Mo¨ssbauer
The crystals of the samplesx50.1 and 0.2 were
constantsa058.3864 and 8.3784 Å, at room

rns on CoAl0.1Fe1.9O4 were obtained at various
action at 10 K revealed a cubic spinel structure
agnetic moments of Fe31(A)( 24.18mB),

vely. The temperature dependence of the
ral~A! and octahedral~B! sites was analyzed
mple CoAl0.1Fe1.9O4 , the intersublattice A–B
nge interaction were antiferromagnetic with
espectively, while the intrasublattice B–B

agnetic with a strength ofJB–B55.6kB . It is
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moment in Fe(A) and a noticeable strength of
alency effects. ©2003 American Institute of
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sublattice moments of A and B sites from the net magnetiza-
tion, because there is no way to measure the magnetic mo-
ments of sublattice separately. However, Mo¨ssbauer experi-
ments give the individual magnetic hyperfine fields of A and
B sites separately. Therefore, it would be reasonable and in-
teresting that one calculates the exchange parameters from
individual sublattice magnetizations that were measured di-
rectly by Mössbauer experiments.

In this article, a study of their structural and magnetic
properties of Al substituted Co ferrites are presented by using
thermal analysis, x-ray, neutron diffraction, Mo¨ssbauer spec-
troscopy, and magnetization measurements.

II. EXPERIMENT

CoAlxFe22xO4 (x50.1, 0.2! spinel powders are
synthesized by using a sol-gel method. Appropriate
portions of Al(NO3)2"9H2O, Fe(NO3)3"9H2O, and
Co(CH3CO2)2"4H2O were dissolved in 2-methoxyethanol
and diethanolamine@HN(CH2CH2OH)2#. The solution was
added with acetic acid and refluxed at 70 °C for 48 h and
then dried at 120 °C in a dry oven for 24 h. The dried powder
was ground and annealed at 1000 °C for 24 h in air.

The crystal structures of the samples were examined by
x-ray diffractometer with CuKa radiation and neutron dif-
fractometer at Korea Atomic Energy Research Institute HA-
NARO HRPD ~high-resolution powder diffractometer,l
51.8348 Å) reactor. The Mo¨ssbauer spectra were recorded
using a conventional spectrometer of the electromechanical
type with a57Co source in a rhodium matrix. The magneti-
zation and hysteresis curves were obtained using a vibrating
sample magnetometer~VSM!.
il:

4 © 2003 American Institute of Physics

IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp




