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A B S T R A C T

The nanoparticles of Ni1�xCuxZn0.35Fe2O4 were synthesized by sol–gel method using polyvinyl alcohol as
a chelating agent. X-ray diffraction patterns of all the samples confirmed the single phase spinel
structure. The site occupancy of copper in the nanosized nickel–zinc ferrite spinels was investigated with
the help of in-field Mössbauer spectroscopy. Cation distribution for the whole series of compositions was
proposed by considering the amounts of iron ions present at both tetrahedral and octahedral interstitial
sites in the spinel lattice. Confirmation of the proposed distributions was done by estimating
quantitatively the lattice parameters for these compositions and comparing their values with those of the
experimentally observed ones.

ã 2014 Published by Elsevier Ltd.

1. Introduction

The extensive study of numerous researchers on mixed ferrite
systems has revealed that Ni–Zn bulk ferrite was the only core
material useful for high frequency applications due to its high
saturation magnetization and dc resistivity. The usefulness of the
nickel–zinc ferrite at far high frequencies can be expected if
saturation magnetization and dc resistivity are further improved. It
is well known that the properties of nanophase ferrites strongly
depend on the particle size, cation distribution, and synthesis
route. Careful annealing of the nanosized Ni0.65Zn0.35Fe2O4 sample
synthesized by sol–gel method appreciably improves the satura-
tion magnetization and dc resistivity [1]. This improvement has
been attributed to the vast number of fine grains of optimum size
and grain boundaries formed at lower sintering temperature. It has
been shown that the addition of CuO also lower its sintering
temperature of bulk Ni–Zn ferrite [2,3].

Copper substituted Ni–Zn bulk ferrites have been found to be
better materials for multilayered chip inductors (MLCI) due to their
high permeability, high quality factor, high saturation magnetiza-
tion and high dc resistivity. Although some researchers [4–6] have
made attempts to improve the desired characteristics of Ni–Cu–Zn

ferrites, the intended progress to make use of them for MLCI
applications is not up to expected level. The amount of the copper
content present in the ferrite and its distribution among both the
tetrahedral (A) and octahedral (B) sites of the ferrite lattice would
provide useful information for the improvement of essential
properties. Several contradictory opinions have been reported
[7–13] on the site occupancy of copper ions in nickel–zinc ferrites.
According to some researchers, copper ions prefer to occupy either
B-sites [7–9] or A-sites [10,11] exclusively, while in some reports
copper ions have been found to occupy both the A and B-sites
[12,13]. A thorough understanding of the distribution of cations
and the dependent parameters would permit to develop good
materials for suitable applications.

In this article, we will report significant information about the
distribution of copper ions in Ni–Zn nanoferrites, using X-ray
diffraction and 57Fe in-field Mössbauer measurements.

2. Experimental

The detailed description about the processing of the Ni1�x-
CuxZn0.35Fe2O4 (x = 0.00–0.30 in steps of 0.06) has been reported
elsewhere [1]. 57Fe Mössbauer spectra have been recorded for the
Ni–Cu–Zn ferrites at 5 K and in the presence of an external
magnetic field of 5 T at 5 K oriented parallel to the g-radiation and
the Mössbauer parameters are obtained from the NORMOS fitting
program. Isomer shift (d) with respect to Co57: Rh, linewidth (G),
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quadruple splitting (D), hyperfine field at the nucleus (Hn) and
relative proportions of iron for these sextets are given. Velocity
calibration has been done by using Mössbauer spectrum of
standard natural iron foil while the values of isomer shift are
quoted to that of metallic Fe at 300 K.

3. Results and discussion

The Mössbauer spectra of Ni1�xCuxZn0.35Fe2O4 recorded at 5 K
which results a typical magnetic structure of ferrite powder as
depicted in Fig. 1. The two distinct sextets lying in the resultant
spectrum can be attributed to two different environments for Fe
ions corresponding to tetrahedral (A) and octahedral (B) sites in the
spinel lattice.

An important step in the analysis of the spectra is the
identification of sextets corresponding to octahedral and tetrahedral
iron ions of the ferrite lattice. It is well known that each A-site ion has
12 B-site neighbors in its immediate surroundings and each B-site
ion has 6 A-site nearest neighbors. Fe3+(A)–O2�–Fe3+(B) exchange
interaction between iron ions is known to be the strongest, whereas
A–A and B–B interactions between iron ions via oxygen ions are
relatively weaker. It follows thatA-site ironions are coupled to a large
numberof Fe bondsas compared to iron ions at B-sites. One therefore

expects a larger hyperfine field at the A-site iron nuclei than that at
the iron ions at B-sites. Identification of sextets on the basis of
hyperfine field offers difficulty at times because in some studies
[14–16] hyperfine field at A-site iron nuclei has been reported to be
larger than that at B-site iron nuclei and in some other studies
[17–20] hyper-fine field at B-site iron nuclei has been reported to be
larger than that at A-site iron nuclei.

Hence, in the present study, assignment of sextets corre-
sponding to A- and B-sites has been done on the basis of isomer
shift. Since the bond separation between Fe3+��O2� is larger for
octahedral ions as compared to that for tetrahedral ions, smaller
overlapping of the orbitals of Fe3+ ions and oxygen anions and the
smaller covalency lead to larger isomer shift at the octahedral
site. So the sextet with lower isomer shift corresponds to A-site
and the sextet having higher isomer shift represents B-site. In
general, the isomer shift at the tetrahedral site is smaller than
that at the octahedral site by about 30% [21]. Table 1 gives the
hyperfine parameters: isomer shift d with respect to Co57: Rh,
linewidth G, quadruple shift D, hyperfine field at the nucleus Hn,
and relative proportions of iron species assumed to be propor-
tional to the absorption spectral area.

Isomer shift values of all the samples indicate mixed valence
states (3+ and 2+) for iron. The observed variations in the isomer

Fig. 1. 5 K Mössbauer spectra of Ni1�xCuxZn0.35Fe2O4 annealed at 1030 �C.

Table 1
5 K Mössbauer parameters of Ni1�xCuxZn0.35Fe2O4 annealed at 1030 �C.

Composition d (mm/s)
�0.02

D (mm/s)
�0.02

Hn (kOe)
�5

G (mm/s)
�0.02

(%) Fe
�2

B A B A B A B A B A

Ni0.65Zn0.35Fe2O4 0.59 0.29 �0.05 �0.03 52.91 52.53 0.45 0.446 70.25 29.75
Ni0.59Cu0.06Zn0.35Fe2O4 0.59 0.29 0.001 �0.04 53.01 52.52 0.47 0.395 69.20 30.20
Ni0.53Cu0.12Zn0.35Fe2O4 0.64 0.33 0.05 �0.01 52.67 52.27 0.45 0.39 72.20 27.80
Ni0.47Cu0.18Zn0.35Fe2O4 0.61 0.32 0.01 �0.01 52.85 52.33 0.44 0.37 71.50 28.50
Ni0.41Cu0.24Zn0.35Fe2O4 0.59 0.32 0.05 �0.02 52.23 51.7 0.45 0.41 72.97 27.03
Ni0.35Cu0.30Zn0.35Fe2O4 0.59 0.29 0.02 �0.04 52.93 52.56 0.421 0.412 74.6 25.40
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