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Abstract

CoIn
���

Fe
���

O
�
ferrite has been studied with MoK ssbauer spectroscopy, and X-ray di!raction. The crystal structure is

found to be a cubic spinel with the lattice constant a
�
"8.396$0.005As . MoK ssbauer spectra of CoIn

���
Fe

���
O

�
were

measured at various absorber temperatures of 17}825K. Its NeH el temperature T
�
is found to be 765K. The MoK ssbauer

spectra consist of two six-line patterns corresponding to Fe�� at the tetrahedral (A) and octahedral (B) sites. It is found
that Debye temperature for the A and B sites of CoIn

���
Fe

���
O

�
is found to be �

	
"664$5K and �



"207$5K.

The intensity ratio of the A to B patterns is found to increase at low temperatures with increasing temperature due to the
large di!erence of Debye temperatures of the two sites and to decrease at high temperatures due to migration of Fe��
ions from A to B sites. Atomic migration of CoIn

���
Fe

���
O

�
starts near 295K and increases rapidly with increasing

temperature to such a degree that 80% of the ferric ions at the A sites have moved over to the B sites by 700K. � 2001
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A ferrimagnetic spinel can be represented by the for-
mula AB

�
O

�
, the A}Bmagnetic interactions between the

magnetic atoms on the A (tetrahedral) sites and the
B (octahedral) sites are stronger than A}A and B}B
interactions [1]. Metallic atoms are in an inverse distri-
butions; half the atoms of iron are in the A sites and the
other half plus magnetic atoms in the B sites. However,
CoFe

�
O

�
is not completely inverse, and the degree of

inversion depends on the heat treatment. The area ratio,
Fe(A)/Fe(B), has been found to vary from 0.61$0.04 to
0.87$0.04 for two extreme quenched and slowly cooled
CoFe

�
O

�
samples, respectively [2]. In this article, we

present our MoK ssbauer and X-ray results on slowly
cooled CoIn

���
Fe

���
O

�
with special emphasis on atomic

migration as a function of temperature and the Debye
temperatures for A and B sites.
The slowly cooled CoIn

���
Fe

���
O

�
samples were pre-

pared from Fe
�
O

�
, CoO, and In

�
O

�
powders of

99.995%, 99.999% and 99.999% purity, respectively, by
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heating accurately weighed quantities in an evacuated
quartz tube. The MoK ssbauer spectra were recorded using
a conventional MoK ssbauer spectrometer of the elec-
tromechanical type [3] with a 20mCi �Co source in
a Rh matrix.
X-ray di!raction patterns for CoIn

���
Fe

���
O

�
were

obtained with CuK
�
radiation. The lattice parameter

a
�
was found to be a

�
"8.396$0.005As by plotting

a
�
(�) against the Nelson}Riley function and extrapola-

ting to �"903. MoK ssbauer spectra of CoIn
���

Fe
���

O
�

were measured at various temperatures from 17 to 825K.
The MoK ssbauer spectra are composed of two six-line
hyper"ne pattern A and B sites. Using a least-squares
computer program, two sets of six Lorentzians lines were
"tted to the MoK ssbauer spectra under the usual con-
straints [4], which are valid when the quadrupole inter-
action is much weaker than the magnetic hyper"ne
interaction. Some of them are shown in Fig. 1. The results
of the computer analysis are presented in Table 1. The
isomer-shift values at room temperature for the A and
B patterns are found to be 0.13$0.01 and
0.21$0.01mm/s relative to the Fe metal, respectively,
which are consistent with high-spin Fe�� charge states.
The smaller value of the A site isomer shift is due to
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