
Chapter 44
Structural Studies on the Trivalent
Gadolinium Substituted Ni–Zn Ferrite
System

M. Srikanth, G. V. Nagesh and K. V. Ramesh

Abstract In this study, nano-crystalline ferrite powders with the composition of
Ni0.5Zn0.5GdxFe2−xO4 with the values of x ranging x = 0.00, 0.05, 0.10 were
prepared through citrate gel auto-combustion method. The prepared samples were
characterized by X-ray diffraction (XRD) and Fourier transform infrared spec-
troscopy (FTIR). By increasing the composition of Gd, we observed that lattice
parameter increases. From XRD, we observed that crystallite size is maximum at
x = 0.10 and strain is negative. From FTIR, we observed that force constants were
found to vary with sintering temperature and reporting a cation redistribution and
modification in the spinel ferrite unit cell.
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44.1 Introduction

Large surface area and quantum size effect of magnetic nano-particles change some
of magnetic properties and exhibit ferromagnetic behavior. Ferrite are magnetic
oxide which contain iron oxide as a major component and have enormous appli-
cations in electronic industry [1, 2] such as multi-layer chip inductor, electro-
magnetic interference, and gas sensor’s. The structural and the magnetic properties
of Ni–Zn ferrite wear changes with the preparation method. There are several
preparation methods which have been employed in nano-ferrite, co-precipitation
method [3], combustion synthesis [4], microwave sintering [5], hydrothermal
processing, [6], and sol–gel method [7]. Conventional soiled state ceramic process
[7]. This technique relates high temperature and suffers various defects. For the
preparation of nano-ferrite, sol–gel method is the best [7–9]. Ferrites are prepared
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by using citrate gel auto-combustion method [7, 10, 11]. The advantage of this
method is the particle size should be in nano-size. In the present investigation,
nano-particles of Gd substituted Ni–Zn ferrite structural properties studied.

In Ni–Zn, ferrite possesses a mixed spinel structure in which Ni ions occupy
octahedral sites (B), Zn ions occupy tetrahedral sites, and Fe3+ ions occupy A and
B sites. The distribution of cations over tetrahedral and octahedral sites, the
structural properties are known to depend not only on the composition but also in
the cation distribution.

44.2 Experimental

Ni0.5Zn0.5GdxFe2−xO4 with the values of x ranging x = 0.00, 0.05, 0.10 was pre-
pared through citrate gel auto-combustion method. In this preparation, analytical
grade Ni nitrate, Zn nitrate, iron nitrate, and Gd nitrate were used in proper stoi-
chiometric ratios. All the nitrates were stirred separately on molecular state for one
hour. Now, the citric acid is added to mixed state and the temperature rises grad-
ually. The solution slowly transformed into the gel, and the thickness of the gel
continuously increases and becomes dense [12]. Finally it burnt and gives rise to
brown color was formed. By using agate mortar, this powder was grounded for one
hour to get fine-grounded ferrite powder. The XRD data were recorded at room
temperature using Cu–Ka (k = 1.5406 Å) radiation for all the samples. By using
KBr pellets, FTIR (300–1000 cm−1) data of samples were recorded by infrared
radiation spectrophotometer [13].

44.3 Results and Discussion

44.3.1 X-ray Analysis

The XRD patterns for the samples Ni0.5Zn0.5GdxFe2−xO4, where x = 0, 0.05, 0.1,
0.15, are shown in Fig. 44.1. It confirms that the single-phase spinel cube and all
the peaks observed match well with Ni–Zn ferrites reported earlier [14]. Table 44.1
shows particle size, lattice constant, and strain. Figure 44.1 shows XRD patterns of
the prepared samples. The average particle size is determined using Scherrer’s
formula [15]. The lattice parameter increases from x = 0.00–0.15, but particle size
decreases up to 0.10 and increases at 0.15 due to strain in the sample. Except
x = 0.0, all samples are having negative strain. The lattice parameter ‘a’ is deter-
mined by the following relation:
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a ¼ d
p

h2 þ k2 þ l2
� �

Where ‘d’ is interplanar spacing which can be determined by using Bragg’s law
for plane (hkl).

For exact calculation, the lattice parameter for each sample Nelson-Riley method
was used

f hð Þ ¼ 1=2
cos2 h

sin2 h

� �
þ cos2 h

h

� �� �
:

IR spectra analysis of prepared samples is shown in Fig. 44.2 in the range of
300–1000 cm−1. The force constants for the bands corresponding to O–H stretching
vibration decrease with the increase of Gd concentration [16]. This decrease is due
to the loss of the residual water in the samples.

The force constants for ‘A’ site and ‘B’ site ‘Kt’ and ‘K0’, respectively, are
calculate by using Waldron relation.

Fig. 44.1 Sonicator

Table 44.1 Lattice parameter (a), particle size and strain

S. no Composition (x) Lattice parameter (a) Å Particle size (nm) Strain

1 0.00 8.390 19.5 4.875

2 0.05 8.391 19.0 −0.00079

3 0.10 8.392 14.3 −0.00105

4 0.15 8.410 15.8 −0.00097
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Kt ¼ 7:62�M1 � v21 � 10�3 dyn cm�1

K0 ¼ 10:62�M2=2� v22 � 10�3 dyn cm�1:

where M1 and M2 are molecular weights of cations on ‘A’ site and ‘B’, respectively
(Fig. 44.3, Table 44.2).
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Fig. 44.2 X-ray diffraction of the samples
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Fig. 44.3 IR spectra of
prepared samples

Table 44.2 IR parameters of Ni0.5Zn0.5GdxFe2−xO4

Composition
(x)

M1 (g) M2 (g) v1
(cm−1)

v2
(cm−1)

v1
2 v2

2 Kt

(dyn cm)
K0

(dyn cm)

0 60.615 113.121 567.1 374.21 321,602 140,033 148,543.7 84,114.05

0.05 60.615 118.191 582.35 390.78 339,131 152,709 156,640.2 95,839.69

0.1 60.615 123.261 544.89 358.01 296,905 128,171 137,136.4 83,890.47

0.15 60.615 128.331 540.21 353.3 291,826 124,820 134,790.8 85,057.98
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44.4 Conclusions

Samples of nano-crystalline Ni0.5Zn0.5GdxFe2−xO4 have been successfully syn-
thesized using citrate gel method. It is observed from XRD analysis that particle
size, lattice parameter, and strain. From FTIR analysis, it is observed that O–H
stretching vibration band intensities decreases with increase of Gd concentration.
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