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Polycrystalline samples of CoFe2−x Inx O4 (0 ≤ x ≤ 0.5) ferrite were prepared by slow cooling
and studied using Mössbauer spectroscopy, X-ray diffraction and vibrating sample magnetometry(VSM). The crystals were found to have a cubic spinel structure. The lattice parameter (a0 )
increased linearly with increasing In concentration x. The Mössbauer spectra of CoFe2−x Inx O4
were measured at various temperatures from 17 to 825 K. The isomer shifts indicated that the
valence states of the irons at both tetrahedral (A) and octahedral (B) sites were in ferric high-spin
states. The Néel temperature of CoFe1.9 In0.1 O4 was TN = 765 ± 3 K. The Debye temperatures
for the A and the B sites of CoFe1.9 In0.1 O4 were found to be ΘA = 664 ± 5 K and ΘB =
207 ± 5 K, respectively. The temperature dependences of the magnetic hyperfine fields at 57 Fe
nuclei at the tetrahedral (A) and the octahedral (B) sites were analyzed by using the Néel theory
of ferrimagnetism. The intrasublattice A-O-B and the intersublattice A-O-A superexchange
interactions of CoFe1.9 In0.1 O4 were found to be antiferromagnetic with strengths of JA−B = –14.7
kB and JA−A = –3.6 kB , respectively, while intrasublattice B-O-B superexchange interaction was
ferromagnetic with a strength of JB−B = 7.4 kB . The VSM data showed that the saturation magnetization decreased with increasing x from about 83.7 emu/g for x = 0.1 to 63.6 emu/g for x = 0.5.
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The area ratio, Fe(A)/Fe(B), has been found to vary
from 0.61 ± 0.04 to 0.87 ± 0.04 for extremely quenched
(q) and slowly cooled (s.c.) CoFe2 O4 samples, respectively. For both ionic distributions, a magnetic moment
of more than 3 µB per unit chemical formula or 71.5
emu/g is anticipated, assuming 5 µB for Fe3+ and 3 µB
for Co2+ ions. The values observed, 3.4 µB for s.c. and
3.9 µB for q, respectively, confirm this expectation [3,4].
We recently reported a Mössbauer spectroscopy study
on non-magnetic ions Al3+ and Ga3+ - doped spinel Coferrite with superexchange interactions based on molecular field theories and the Debye temperatures of the
magnetic sites [5, 6]. Nowadays, control of the magnetic properties, for examples, the magnetization, the
Néel temperature, and the magnetic orderings, are very
important, and these properties are characterized by the
superexchange interaction via the magnetic ions. In this
paper, we present our Mössbauer and X-ray results for
a slowly cooled nonmagnetic ion, In3+ , substituted into
CoFe2 O4 , with special emphasis on the Debye tempera-

I. INTRODUCTION
Cobalt ferrite (CoFe2 O4 ) has been well known for
it use in magnetic recording storage, magnetic wave
devices, and magneto optic recording media because
of its large magnetocrystalline anisotropy, high saturation magnetization, good chemical stability, and large
magneto-optical effect [1,2]. Spinel ferrites can be repre2−
sented by the general molecular formula (A2+ )[B3+
2 ]O4 .
The A-B magnetic interactions between the magnetic
atoms on the A (tetrahedral) site and the B (octahedral) sites are stronger than the A-A interactions and
the B-B interactions [1]. Metallic atoms are in an inverse distribution; half the atoms of iron are in the A
sites and the other half, plus magnetic atoms, in the B
sites. However, CoFe2 O4 is not completely inverse, and
the degree of inversion depends on the heat treatment.
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