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Abstract

CoFeCrO4 has been studied with X-ray diffraction, M .ossbauer spectroscopy. The crystal structure is found to be a
cubic spinel with the lattice constant a0=8.36170.002 (A. M .ossbauer spectra of CoFeCrO4 have been taken at various

temperatures ranging from 16 to 350K. The isomer shift indicates that the iron ions are ferric and located at the
tetrahedral [A] sites. The N!eel temperature is determined to be TN ¼ 310K. As the temperature increases toward TN a
systematic line broadening effect in the M .ossbauer spectrum is observed and interpreted to originate from different
temperature dependencies of the magnetic hyperfine fields at various iron sites. Also, by using binomial distribution

equation we obtained the hyperfine fields of tetrahedral sites, Hhf (A3)=525 kOe,Hhf (A4)=516 kOe,Hhf (A5)=508 kOe,
Hhf (A6)=499 kOe, Hhf (A7)=490 kOe, Hhf (A8)=481 kOe, Hhf (A9)=472 kOe, Hhf (Aavr)=496 kOe at 16K. The average
hyperfine field Hhf ðTÞ of the CoFeCrO4 shows a temperature dependence of ½Hhf ðTÞ �Hhf ð0Þ�=Hhf ð0Þ ¼ �0:41�
ðT=TNÞ3=2 � 0:14ðT=TNÞ5=2 for T=TNo0:7; indicative of spin-wave excitation. r 2002 Elsevier Science B.V. All rights
reserved.
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The magnetic and electrical properties of spinel

ferrites are of academic and technical interest and are
dependent on the chemical composition, cation distribu-
tion and the method of preparation. The magnetic

properties of these ferrites arise largely from their
structural features and nature of the distribution of the
ions in the sublattices [1]. Cobalt ferrite (CoFe2O4) has
an inverse spinel of collinear ferromagnetic [2], while

cobalt chromite (CoCr2O4) is a normal spinel with a
canted ferrimagnetic structure having a N!eel tempera-
ture TN of 97K [3]. In this paper, we present our

M .ossbauer and X-ray results for a slowly cooled
CoFeCrO4, with special emphasis on the systematic line
broadening effect which increases with increasing

tempereature and on the Debye temperatures for the A
site.
The slowly cooled CoFeCrO4 sample was prepared by

direct reaction of elements in an evacuated quartz tube.

A mixture of the proper proportions of Fe2O3 CoO and

Cr2O3 powders of 99.995%, 99.999% and 99.999%
purity, respectively, was ground. The mixture of
elements in the proper proportions was heated at

10501C for 2 days, and then slowly cooled to room
temperature at a rate of 101C/h. In order to obtain a
homogeneous material, it was necessary to grind the
samples after the first firing and to press the powders

into pellets after annealing them for a second time in
evacuated tube.
The X-ray diffraction patterns showed that the sample

had the cubic spinel structure of a0=8.36170.002 (A.
The M .ossbauer spectra were recorded using a conven-
tional M .ossbauer spectrometer of the electromechanical

type with a 20mCi 57Co source in a Rh matrix.
Fig. 1 shows the M .ossbauer spectra at various

temperatures. The M .ossbauer absorption lines are sextet

and sharp at 16K while they broaden increasingly with
increasing temperature. Just above the N!eel temperature
of TN=310K, the M .ossbauer spectrum becomes a
sharp doublet. The isomer-shift of 0.22mm/s at room

temperature corresponds to Fe3+ at A sites, because the
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