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EPR studies of Cd substituted Mn Zn nanoferrites
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Nanoparticles of Mn0.5Zn0.5-xCdxFe2O4 with x varying from x =
0.0 to 0.3 were prepared by wet chemical co-precipitation method. The
structural and magnetic properties were studied by using X-Ray
Diffraction (XRD), Scanning Electron Microscope (SEM), Transmission
Electron Microscopy (TEM) and Electron Paramagnetic Resonance
(EPR) technique. The lattice constant increases with increase in Cd
content. This increase in the lattice constant is due to larger ionic radii of
the Cd2+ (0.97 Å) ions as compared to Fe3+ (0.64 Å) ions. The intensities
of the planes (220) and (440), increases with increasing Cd2+ ion
concentration. This shows that Cd2+ ions occupy tetrahedral A sites and
octahedral B sites in the nano dimension against their chemical
preference for A site. The line width (ΔHpp) and the g value of the
Electron paramagnetic resonance (EPR) signal decreases with increase in
the Cd content. The magnetic moment of all the samples up to x = 0.2
calculated from EPR studies are lower when compared to the theoretical
values. This lower value of magnetic moment confirms the existence of
non collinear magnetic structure arising due to significant amount of spin
disorder existing at B site.
Keywords: Nanostructured materials; Chemical synthesis; Electron
paramagnetic resonance (EPR); Magnetic Property; Scanning Electron
Microscope (SEM).
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The application of nanoparticles has gained much
importance in all the fields of science and technology because of their
unique optical, electrical and magnetic properties. Magnetic
nanoparticles are widely used in ferro fluid applications, magneto
calorific applications, device fabrications, targeted drug delivery and
hyperthermia treatments. Ferrite nanoparticles are one of the most
attractive materials for these applications. Many methods for
synthesizing ferrite nanoparticles has been developed, Wet chemical
methods such as Co-precipitation [1, 2], Sol-gel [3], Microemulsion [4]
Hydrothermal [5] Citrate precursor [6] and Combustion synthesis
method [7] are widely used.
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Co-precipitation is an attractive method of
producing nanoferrites because of increased
homogeneity, purity and reactivity. They are
relatively simple, low cost and their particle size
can be easily controlled.
From several recent literatures it is known
that the bulk properties of the ferrites changes as its
dimensions are reduced to nanoscale. Manganese
Zinc Ferrites are technologically important
materials because of their high permeability and
low loss. By altering the chemical composition of
these ferrites, the physical properties can be
changed to suit particular applications. Many work
have been carried out by the substitution of Cd ion
in the spinel structure of ferrites. Rajesh Iyer et al.
[8] have synthesized nanosized Mn(1-x) Cdx Fe2O4
by a
co-precipitation technique. They have
reported the effect of Cadmium substitution on
saturation magnetization value. In the present
investigation the Electron paramagnetic resonance
(EPR) studies of Cd substituted Manganese Zinc
Ferrites (Mn0.5 Zn(0.5-x)Cdx Fe2O4 with x = 0.0, 0.1,
0.2 and 0.3) are reported.

EXPERIMENTAL
Nanoparticles of Mn0.5 Zn(0.5-x)Cdx Fe2O4
with x varying from 0.0 to 0.3 were prepared by
co-precipitation method. The materials used were
aqueous solution of MnCl2, ZnSo4, CdCl2 and FeCl3
in their respective stoichiometry. They were mixed
thoroughly at 80˚ C. This mixture was then
transferred immediately into a boiling solution of
NaOH at 100˚C. Precipitation takes place and the
solution was stirred for about 60 min until the
reaction is complete. The pH of the solution was
maintained at 12 throughout the reaction.
Conversion of metal salts into hydroxides and
subsequent transformation of metal hydroxide to
nano ferrites takes place. The nanoparticles thus
formed were isolated by centrifugation and washed
several times with deionized water followed by
acetone and then dried at room temperature. The
dried powder was grounded thoroughly in a clean
agate mortar. The obtained powders were used for
various characterization studies. X-Ray Diffraction
(XRD) was carried out using a PAN analytical
X’pert PRO diffractometer using CuKα as radiation
source. Data were collected for every 0.02˚ in the
angle range 20˚–70˚ of 2θ. Scanning Electron
256
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Microscope (SEM) imaging was carried out using
the FEI Quanta FEG 200 (HR-SEM) equipment for
the surface morphology analysis. The particle size
was determined by subjecting the samples to
Transmission Electron Microscopy (TEM) using a
Phillips CM20 microscope. Electron Paramagnetic
Resonance (EPR) spectra were taken by using a Xband CW EPR (EMX 102.7) spectrometer.

RESULTS AND DISCUSSION
Structural Characterization
The X-Ray Diffraction pattern for the
sample Mn0.5Zn(0.5-x)Cdx Fe2O4 (with x= 0.0, 0.1, 0.2
and 0.3) is shown in Figure 1. This diffraction line
provides a clear evidence for the formation of
ferrite phase in all the samples. The broad XRD
line indicates that the ferrite particles are of nano
size. All the peaks in the diffraction pattern have
been indexed and the refinements of the lattice
parameter were done using powder X software. The
average crystallite size for each composition was
calculated from the full width at half maximum
intensity for (311) plain using Scherrer’s formula
[9]. The values of the lattice parameter were
determined by using the following equation.
a

d

(1)

h  k2  l2
2

Where, h. k. l are miller indices. The
values of the particle size and lattice constant as
deduced from the X-Ray Diffraction are given in
Table 1.

Fig. 1. X-ray Diffraction Pattern for Mn0.5 Zn(0.5-x)Cdx Fe2O4 (x = 0.0,
0.1, 0.2, 0.3).
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Table 1. Magnetization at an applied field of 20 kOe for the sample
Mn0.5CdxZn0.5-xFe2O4 (with x=0.0, 0.1, 0.2 and 0.3).
X

Composition

Lattice
Constant (Å)

Particle
Size (nm)

M max
(emu/g)

I(220)

I(440)

0.0

Mn0.5Zn0.5Fe2O4

8.376

14

12.6

110

148

0.1

Mn0.4Cd0.1Zn0.5Fe2O4

8.382

14

11.2

173

179

0.2

Mn0.3Cd0.2Zn0.5Fe2O4

8.412

13.6

6.5

221

177

0.3

Mn0.2Cd0.3Zn0.5Fe2O4

8.416

13

4.9

122

95

The bulk value of the lattice constant for
Mn0.5Zn0.5Fe2O4 reported in the literature by other
method is 8.480 [10]. However in the present
investigation, a decrease in the lattice constant is
observed. A similar decrease in the lattice constant
for Mn0.499 Zn0.495 Fe1.99O4 prepared by co-precipitation
method was reported by Arulmurugan et al. [11].
This decrease in the lattice constant may be due to
change in the cation distribution between A site and
B site. in the nano regime [12-14 ]. However there
is an increase in the lattice constant with the
increase in the Cd content. This increase in the
lattice constant is due to larger ionic radii of the
Cd2+ (0.97 Å) as compared to Fe3+ (0.64 Å) ions
[15]. The intensities of the planes (220) and (440)
are more sensitive to any change in cation on
tetrahedral A sites and octahedral B sites
respectively [13, 15]. Cd2+ ions and Zn2+ ions have
chemical affinity towards tetrahedral A sites. Mean
while Mn2+ and Fe3+ ions have, preferences for both
tetrahedral A sites and octahedral B sites
respectively [14, 16]. Since the X-Ray scattering
factor for Cd2+ ion is significantly high as
compared to those of the other cations, the
intensities of the (220) plane and (440) plane
increases with increasing Cd2+ ion concentration.
This shows that Cd2+ ions occupy tetrahedral A
sites and octahedral B sites in the nano dimension
against their chemical preference for A site as
observed in bulk samples. Hence there is a small
increase in the intensities of (220) and (440) plane.
The occupation of Cd2+ ion on the octahedral B site
forces some of the Fe3+ ions to migrate from B site
to A site. Hence there is a deviation in the cation
distribution from normal in the nano dimension.
Figure 2 shows the TEM image of Mn0.5Zn0.3Cd0.2
Fe2O4. It is observed that all the samples are highly
homogenous and nearly spherical in shape. The
clear SEM image of the sample with x = 0.2 as
Submit your manuscript to www.ijnd.ir

observed from the Figure 3 reveals that there are
no secondary phases. This is supported by the
absence of additional peaks in the XRD pattern.
The micrograph also shows the presence of more
number of smaller grains. Smaller grains have large
surface to volume ratio which have a direct effect
on the properties of these ferrites.

Fig. 2. TEM Image of Mn0.5 Zn0.3 Cd0.2 Fe2O4.

Fig. 3. SEM Image of Mn0.5 Zn0.3 Cd0.2 Fe2O4.
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EPR Spectral studies
The powder EPR spectra of Mn0.5 Zn(0.5x)Cdx Fe2O4 with x= 0.0. 0.1, 0.2 and 0.3 were
measured at 9.3 GHz at room temperature and are
shown in Figure 4. The EPR of ferrites is important
for investigating the magnetic properties of
magnetic materials at high frequency because the
resonance originates from the interaction between
spin and electromagnetic waves. The resonance line
width (ΔH), the position corresponding to zero
signal (Ho) and the effective g factors are the three
parameters that characterize the magnetic
properties[17-19]. The effective g factor is
determined from the equation
ℎ𝛾

𝑔 = 𝛽𝐻

also decreases. So to satisfy the relation ω = γH, the
resonance field should be high.

(2)

Where h is the Planck’s constant, γ is the
frequency of the microwave, H is the magnetic
field occurring at the maximum resonance and β is
the Bohr magneton.

Fig. 4. EPR Spectra for Mn0.5 Zn(0.5-x)Cdx Fe2O4 (x = 0.0, 0.1, 0.2, 0.3).

Figure 5 shows the relation between
magnetic moment and the resonance field B as a
function of Cd content. The resonance field B
increases with increase in the Cd content and
reaches a maximum for the sample x = 0.2, whereas
the magnetic moment decreases with increase in Cd
content. This can be attributed to the reason that as
the magnetic moment decreases, the internal field
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Fig.5. Relation between magnetic moment (μ) and the resonance field
(HR) as a function of Cd content.

The variation of peak to peak line width
(ΔHpp) of the EPR signal with Cd content is shown
in Figure 6. The line width decreases with increase
in the Cd content upto x=0.2. From our earlier
studies [12], it was observed that the Cd2+ ions
occupy both A site and B site in the nano regime.
As the Cd content is increased, there is an increase
in the occupation of Cd2+ ion in the B site. The
presence of non-magnetic Cd2+ ion in the B site
causes a decrease in the magnetization of B site.
The occupation of Cd2+ ion in the B site forces
some of the Fe3+ ions to migrate from B site to A
site. Hence the magnetization of the A site
increases. As a result the net magnetization (MBMA) decreases. This decrease in the magnetization
may be the reason for the decrease in the line
width.
The super exchange interaction in ferrites
is responsible for magnetic ordering within each
sub lattice. The interaction between A and B site is
strongest in ferrites. As the AB interaction
predominate, the spins of A and B site ions in
ferrites will be opposite with a resultant magnetic
moment equal to the difference between those of A
and B site ions [20-22]. It was observed from the
Table 2, that the value of g decreases with
increasing Cd content up to x = 0.2. This may be
due to the decrease in the super exchange
interaction between Fe2+ and Fe3+ at octahedral B
Submit your manuscript to www.ijnd.ir
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sites. As the Cd content is increased to x=0.3, there
is a decrease in the occupation of Cd2+ ions in the
octahedral B site. Hence there is an increase in the
super exchange interaction between Fe2+ and Fe3+
at octahedral B sites leading to an increase in g
value.

Fig. 6. Variation of line width with Cd content.

The theoretical values of the magnetic
moment per formula unit and the experimental
values of the magnetic moment is given in Table 2.
It was observed that the experimental values of the
magnetic moment are lower than the theoretical
values. This may be due to occupation of Cd2+ ions
in the B site. This forces Fe3+ ions from B site to A
site. As a result, magnetization at B site decreases
resulting in overall decrease in the magnetization of
the sample. In addition to deviation in cation
distribution, the other factors reported in the
literature by other researchers may contribute to the
reduction of saturation magnetization in nano
particles. Coey [23] attributed the smaller value of
saturation magnetization in nanoparticles to the
existence of random canting of particles surface
spins caused by competing antiferromagnetic
exchange interactions due to asymmetry in the
environment of these spins. Smaller grains have
larger surface to volume ratio. Spin disorder from
the surface of the nanoparticles increases especially
when the surface/volume is large [24, 25]. This
spin disorder causes lower magnetization. Surface
effects and the occurrence of a glassy state were
also reported to be playing an active role in the
decline of magnetization value [26].

Table 2. EPR Parameters for the system Mn0.5Zn(0.5-x)CdxFe2O4 (x = 0.0, 0.1, 0.2 and 0.3).

x

Composition

∆Hpp
Gauss

Resonance
Field(B)
Gauss

geff

Magnetic
Moment
µ(exp)

Magnetic
moment
µ(theo)

0.0

Mn0.5Zn0.5 Fe2O4

393

3315

2.048

3.413

6.322

0.1

Mn0.4Zn0.5Cd0.1 Fe2O4

305

3353

2.024

3.374

6.058

0.2

Mn0.3Zn0.5Cd0.2 Fe2O4

190

3385

2.005

3.342

6.005

0.3

Mn0.2Zn0.5Cd0.3 Fe2O4

240

3283

2.007

3.344

6.370
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CONCLUSIONS
Cd substituted Mn-Zn nanoferrites were
prepared by co-precipitation method. The X-ray
intensity of the (440) plane and (220) plane
increases with increasing Cd2+ ion concentration.
This shows that Cd2+ ions occupy both tetrahedral
A site and octahedral B sites in the nano dimension.
The line width decreases with increase in Cd
content. The value of g decreases with increase in
the Cd content. This is due to the increase in the
super exchange interaction between Fe2+ and Fe3+
ions at octahedral B sites. Low experimental value
of magnetic moment calculated from Electron
Paramagnetic Resonance (EPR) spectra confirms
the existence of non collinear magnetic structure in
the nano regime.
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