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Abstract

Ni
0.65

Zn
0.35

Cu
x
Fe

2~x
O

4
(x"0.0}0.3) was studied with X-ray di!raction, MoK ssbauer spectroscopy and vibrating

sample magnetometer (VSM). The crystal structure was found to be a cubic spinel, and the lattice constants increased
linearly with increasing quantity of Cu ions with the lattice constant a

0
"8.384$0.005As at x"0.0. MoK ssbauer spectra

of Ni
0.65

Zn
0.35

Cu
x
Fe

2~x
O

4
(x"0.0}0.3) were taken at various temperatures ranging from 12 to 725K. As the

temperature increased toward ¹
N

, a systematic line broadening e!ect in the MoK ssbauer spectra was observed and was
interpreted as originating from di!erent temperature dependencies of the magnetic hyper"ne "elds at various iron sites.
The isomer shifts indicated that the iron ions were ferric at the tetrahedral [A] and the octahedral sites [B]. The
quadrupole shifts showed that the orientation of the magnetic hyper"ne "eld with respect to the principal axes of the
electric "eld gradient was random. The magnetic hyper"ne "eld values indicated that A sites had more A}O}B
superexchange interactions than the B sites. The NeH el temperature decreased with increasing quantity of Cu ions with
¹

N
"725$2K at x"0.0. Also, the Debye temperatures of the A and B sites of Ni

0.65
Zn

0.35
Cu

0.1
Fe

1.9
O

4
were found

to be H
A
"228$5K and H

B
"328$5K. The VSM data showed that the magnetic moment decreased with increasing

quantity of Cu ions with magnetic moment and coercivity values of M
4
"66 emu/g and H

#
"36 Oe at x"0.3. ( 2000
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Spinel ferrite are commercially important materials
because of their excellent magnetic and electrical proper-
ties [1]. The usefulness of ferrites is in#uenced by the
physical and chemical properties of the materials. Many
investigators have studied the properties of spinel sys-
tems. Recently, some workers [2,3] have synthesized
Ni}Zn, Zn}Ge ferrites by ceramic techniques and studied
their magnetic properties. The aim of the present work is
to study the structural and magnetic property of
Ni

0.65
Zn

0.35
Cu

x
Fe

2~x
O

4
ferrites for technological ap-

plications by using an X-ray di!actometer, MoK ssbauer
spectroscopy and vibrating sample magnetometer
(VSM). In this study, MoK ssbauer spectra of
Ni

0.65
Zn

0.35
Cu

x
Fe

2~x
O

4
have been collected over

a wide temperature range of 12}725K. We note that Fe

atoms occupy the A and B sites and that the line
broadening e!ect increases with increasing temperature
dependencies of the magnetic hyper"ne "elds at various
Fe sites. A series of samples Ni

0.65
Zn

0.35
Cu

x
Fe

2~x
O

4
(x"0.0}0.3) was prepared by the well-known ceramic
technique. The starting materials were high-purity
Fe

2
O

3
(99.995%), NiO (99.999%), ZnO (99.999%), and

CuO (99.999%). Mixtures of the elements in the proper
propotions were heated at 10003C for 24 h, ground and
"nally heated again at 10003C for 24 h. MoK ssbauer
spectra were recorded using a conventional MoK ssbauer
spectrometer of the electromechanical type [4] with
a 30mCi source in an Rh matrix.

The X-ray di!raction patterns of the
Ni

0.65
Zn

0.35
Cu

x
Fe

2~x
O

4
obtained were of h}2h ge-

ometry with Cu Ka radiation. The lattice constants
a
0

for each composition was found by plotting a(h)
against the Nelson}Riley function [5] and extrapolating
to h"903. Structural and magnetic parameters of the
Ni

0.65
Zn

0.35
Cu

9
Fe

2~9
O

4
powders are shown in Table

1. The unit cell parameter (a
0
) increases linearly with
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