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ABSTRACT

The spinel ferrite system Cdy, Cuj _y Fep Og4 (0.0 Sx <1.0)

has been prepared by ceramic sintering process. The X-ray diffraction
spectra proved the formation of spinael phases. The Mossbauer effect
measurements have been carried out at room temperature.

Results showed that samples having 0.0 £x £0.6 are in the
ferrimagneticstate. while samples having higher values of cadmiun
cations are in the paramaguetic state. The data are interpreted on the
basis of the structure and electronic properties.

INTRODUCTION

Solid solutions of the spinel Cdy Cuj _x Feg O4 may be prepared with
values of x between 0 and 1 .The Fe3*, Cu2*, and Cd2* cation are distributed
among octahedral (B) and tetrahedral (A) interstitial positions of the face - center -
cubic oxygen lattice. Cd- ferrite (x=1) is generally assumed to be a " normal spinel”
with all Fe3+ ions on B-sites and all Cd 2+ jons on A- sites {1). In Cu ferrite (x =
0), the site preferences lead to predominantly "inverse spinel " structure with Cul+
ions mainly on B -sites and Fe3+ ions distributed almost equally between A and B -
sites. The inversion is not complete in Cu - ferrite and the degree of inversion
depends on previous heat treatment [2]. As cadmium replaces copper between X =0
and x = 1, CdZ*+ jons appear to preferentially enter tetrahedral positions, whil the

Fe 3+ jons displaced from these tetrahedral sites to enter the octahedral sublattice.
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EXPERIMENTAL PROCEDURE

Six samples were prepared by the usual ceramic sintering process [4] of the
ferrite system Cdy Cuj .4 Fey O4. Pure constituent oxides were mixed, pressed,
prefixed at 950 °C for two days, then sintered at 1100 °C for two hours, followed
by slow Cooling. X-ray powder diffraction patterns were measured using Cu -K
radiation and indicated that all samples had spinel structure with no evidence of
impurities or separate phases. The lattice constant, of the cubic unit cells ranges
from 8.4016+0. 011 A to 8.676 + 0.017 A as x increases, as shown in Fig 1
Mossbauer Effect spectrometer was of the constant acceleration type. The calibration
was done with an iron foil of natural abundance and the source used was 109 B9 37
Co in Rh-matrix. The evaluations of Mossbaur spectra were carried out by least -

squares fitting of Lorentzians lines.

RESULTS AND DISCUSSION

1) Hyperfine magnetic field

The Mossbauer spectra of Cd - Cu ferrits system at room temperature are
given in Fig.2; the variations of the magnetic field at 37Fe nuclei for both A and
B-sites, with x are shown in Fig. 3. The most distinctive property is that the field at
the 37Fe B- site nucleuse decreases with increasing Cd2+ ions at A- site as a nearest

neighbors.

To interpret the obtained Mossbauer results, the different exchange interaction
have 10 be considered. The Fe3+ (A) 02"~ Fe3* (B) so called A -B interaction, is
always the strongest one, the A-A and B - B interaction between iron via oxygen
ions are weaker, where as other possible interactions are generally considered to be

the weakest [5]. i

The analysis of the data showed that for samples with x equal zeeo up to
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x=0.6, the magnetic field is considerably smaller for the A -site iron ions than for
the B -site iron ions. This difference cannot be attributed only to the slight
covalence of the tetrahedral iron ions [6] but also it is due to the nature of the
intersublattice magnetic bonds. It is well known that in the spinel structure each A
-site ion is surrounded by twelve nearest B -site and each B -site ion has six A -sites
nearest neighbour. As an example in the case of the nearly inverse Cu -ferrite, each
tetrahedral iron ion will have on the average half with Fe 3+ ions, while every
octahedral Fe 3* jon will have on the average 3 /4 of the magnetic bonds with iron
and 1/4 of Cu 2+ [7].

The following ferrimagnetic interactions are expected to exist :

for A -site

Fep -0-6Cug or Feg 6y
Fep -O-6Feg 2
Cu p -O-nFeg or mCup 3)

For B - site

Feg - O-6Fep @
Feg - O -3 Fep, )
Feg-0O-3Cug ©)
Cug -0-6Cup Q)

The interaction number (3) is a result of the non complete inversion in
the Cu - ferrite. Due to these intereaction it can be deduced that the hyperifine
magetic field at B -site 57 Fe nuclei are functions of the six nearest A -site by Fe
3+ Cu 2+ and Cd 2+ jons. On the other hand, the hyperfine field may be caused by
the overlap distortions of the centeal (B) cation s -orbitals by the ligand orbitals
which have been unpaired by transfer into nonoccupied 3b - orbitals of the nighbring

(A) cations.
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2) Isomer shifts

It was observed that there is no noticeable variation in ismoer shift A E with
x. Consequentl the varations of s- electron charge density of Fe 3+ jons is
negligibly by Cd 2+ gubstitution. The isomer shift values lie within the range of
that characteristic of Fe3* jons [8]. Nevertheless, there is a definite difference
between the values of the isomer shift corresponding to each site AE, -AEg =
-0.01073 mm/.s (for Cu - ferrites). According to these values only Fe 3+ jons is
expected to be present, i.e. no Fe2+ jons exist. It was found also that the Fe 3+

jons in A -site are more more covalent than those in the B -site.

3) The line width

The line width of the Fe3*+ Mossbauer spectra are useful for estimating the
influence of cation disorder on both electric and magnetic interactions. The average

line width for A and B -sites are plotted as a function of x as shown in Fig"4"

Generally the hyperfine magnetic field at the Fe 3+ nucleus is
proportional to the < S > total spine of the ion, and its time
dependence T. Where 1/ is defined as the transition or relaxation rate
between the hyperfine states, providing the life time of the isomeric
excited state T= 1/ wy where @y is the Larmor frequency of the Fe3+
nuclear spin. Three possible situations may be considered : the
magnetic reqion with a normal zeeman pattern for T > >1 / @y, the

‘relaxation reqion region with relaxation effects for T~ 1/ and
theparamagnetic region for T < < 1/ with <s, >=0. These regions
are illustrated in Fig "4" The dramatic line broadening is due mainly to
hyperfine magnetic field distributi. when paramagnetic region is
reached i.e T < 1/ wj the line widths quickly decreased I believe that the
relaxation effects in Mossbauer line shapes are due to domain wall
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oscillations in accordance with panicker et al. [8], and Upadhay, et al.

[91.
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