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Abstract
Nanosized C00.5Zn0.5Fe204 and Cu0.5Zn0.5Fe204 were prepared using Co-precipitation method. Using a combination of x ray
diffraction, Mdssbauer studies and DC magnetization, the magnetic properties of nano sized C00.5Zn0.5Fe204 and
Cu0.5Zn0.5Fe204 have been studied. Although the preparation conditions were kept same, the particle size of Cu0.5Zn0.5Fe204
(2.4nm) were smaller than that of C00.5Zn0.5Fe204 (5.8nm) as the formation of Cu0.5Zn0.5Fe204 is more exothermic in nature
that the formation of C00.5Zn0.5Fe204. The dependence of DC magnetization on particle size and cation distribution have been

studied.
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1. INTRODUCTION:

Magnetic ferrite materials have been intensively studied
during the past few decades to understand fundamental
phenomena as well as due to their technological importance.
These materials are used in a numerous technological
applications such as high density magnetic storage devices,
electronic communication devices, targeted drug delivery,
sensors, magnetic printing inks, applications in ferrofluid
technology, magnetic refrigeration, catalysts and in
magnetic resonance imaging enhancement [1]. The magnetic
properties of these systems are not only because of the
cation distribution in different sites but also due to the
reduced size of the magnetic particle [2].For this reason,
various methods such as the ceramic method, sol gel,
coprecipitation,  solvent  evaporation,  hydrothermal,
combustion, microemulsion and precursor methods have
been reported in literature for the preparation of these
nanoscale spinel ferrites [3].

The coprecipitation method is widely used for the
preparation of ferrites [4] because it is economical and time
saving and has overriding advantages such as the ease of
controlling the composition, homogeneity, ability to be
processed at lower temperatures and superior properties.

The aim of the present work is to investigate the structural
and magnetic properties of CogsZnysFe, 04 and
CugsZngsFe,O4 prepared by chemical co-precipitation
method.

1.1 Experimental:

The nano particles of CogsZngsFe,04 and CugsZngsFe,04
were prepared by chemical co-precipitation method at 333K.
For this purpose A.R. grade CuCl,.2H,0, CoCl,.6H,0,
ZnCl,, and Fe(NOs);.2H,O were weighed in stoichiometric
ratios then were mixed then dissolved in water, maintained

at temperatures 333 K. To maintain pH value 10, 25%
solution of NH,OH was added to the prepared solution. For
the complete precipitation the solution was continuously
stirred, at a constant temperature of 333K for 2 hrs. The
precipitate was then washed and dried at 373 K for 24 hours.
Nano sized samples were prepared by annealing the dried
samples at 573 K for 24 hours.

X-ray diffraction (XRD) spectra was obtained for structural
characterization and determination of the average sizes of
nano sized samples. Rigaku-Miniflex X-ray diffractometer
with Cu-Ka radiation was used for the same. A standard
Austin drive and controller assembly, in the constant
acceleration mode were used to record Mdsshauer spectra.
12 mCi °’Co in Rhodium matrix was used as Mdsshauer
source and velocity calibration was done using metallic iron
foil. Magnetic measurements were done using a 7300
vibrating sample magnetometer (VSM). The blocking
temperatures (Tg) of nano sized samples were determined
by plotting M vs. T, where M is the magnetic moment and T
is the temperature from the zero field cooled (ZFC) curves
over a temperature range of 20 K to 300 K. A small DC
field of 50 Oe was used for FC-ZFC measurements.

1.2 Results And Discussion:

1. X-Ray Analysis:

X-ray spectra of CogsZngsFe,0, and CugysZngsFe,04
annealed at 300°C is shown in Figure 1. From the X-ray
spectra it is evident that both the samples have single phased
spinel structure. The increase in the broadening of most
intense peak (311) shows decrease in the particle size with
the replacement of Co by Cu [Table 1]. Average particle
size for the prepared samples is calculated using Scherrer
formula [Table 1]:
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Particle Size =

Where A is wavelength of X rays, and B corresponds to the
width of most intense peak in the XRD spectrum.
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Figurel: X-Ray spectra of CogsZngsFe,0,4and
Cups5ZngsFe,04annealed at 573K.

In co-precipitation method, the crystal growth is highly
influenced by molecular concentration of the material
approaching the surface during the process. The temperature
at the particle surface become higher than the solution
temperature due to liberation of latent heat at the surface
which results in the obstruction of crystal growth [4]. It
suggest that the formation of Cu-Zn ferrite is more
exothermic as compared to the formation of Co-Zn ferrite.

The values of lattice constants of the samples calculated
from the peak positions are given in Table 1. The lattice
constant of CugsZngsFe,O4 is more compared to that of
Cop5ZngsFe,0,4.The reason for the increase in the lattice
constant with decrease in particle size can be understood as
follows. As the particle size is reduced, the surface to
volume ratio increases, the excess free energy associated
with the surface increases the total free energy of the
particle. A small particle can reduce this excess free energy
by altering its lattice structure in an appropriatemanner. This
reduction in the excess free energy is accompanied by the
expansion of the lattice to an energetically less favorable
crystallographic structure; however, the overall energetics
increases the stability [5].

Table 1: Structural parameters for prepared samples

Samole Particle Size Lattice

P (nm) Parameter (A)
Cog5Zng5Fe,04 5.8 8.28
CupsZngsFe,04 24 8.49

2. ROOM TEMPERATURE MOSSBAUER
STUDIES:

Maossbauer spectroscopy is a potent technique to
characterize ~ superparamagnetic  nanoparticles.  For
nanoparticles with uniaxial anisotropy, the energy barrier,
between the two easy directions of magnetization is smaller
than the thermal energy even at the room temperature. This
leads to the spontaneous fluctuation of the magnetization
direction, having relaxation time given by [6],

-
o )

Where 1, (10°- 10 s) is the inverse of the natural
frequency of the gyromagnetic precession, K is the
anisotropy constant, V is the volume of the particle, kg is the
Boltzmann constant and T is the temperature (in Kelvin).

The superparamagnetic relaxation of the single domain
magnetic nanoparticle can be observed by a technique with
characteristic time (15) at the temperature above the so called
blocking temperature (Tg) defined by,

KV

K, In(TS]
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Above the blocking temperature, the relaxation time << (~
10® s for the Mossbauer spectroscopy) and the internal
magnetic field is averaged out giving rise to a quadrupolar
doublet in the Mdssbauer pattern. [7].

Tp =

Room temperature Mdssbauer spectra have been recorded
for the samples Cogs5ZngsFe,04 and CugsZngsFe,0,4 (Figure
2 show Mdosshauer spectra for samples annealed at 573K).
The obtained hyperfine parameters are tabulated in Table 2.
For both the samples Mossbauer spectra shows clear
doublets at the central region with no signature of sextet.
Massbauer spectra for samples CogsZngsFe,0, and
CugsZnosFe,04 annealed at 573K have been fitted with two
doublets corresponding to A and B sites. This indicates that
these samples are superparamagnetic at room temperature.

The isomer shift have been quoted with respect to metallic
Fe. Observed Isomer shifts (Table 2) of these samples
confirm the presence of only Fe** ions in the samples. Due
to the presence of large covalancy at A site, the isomer shift
of A site is usually smaller than that of B site [8]. Observed
isomer shift for A and B site in these samples are
approximately same (Table 2). This advocates the same
nature of bonds present at A and B site respectively. The QS
values of doublets (for samples CogsZngsFe,O4 and
CugsZnosFe,O4) indicate the significant electric field
gradient (EFG) around the *’Fe nuclei. Large EFG in the
samples CoysZngsFe,0, and CugsZngsFe,04, can be
attributed to the large surface to volume ratio in [9].
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Table 2: RT Mdossbauer Parameters:

Isomer Shift ngd_rupole
/ Splitting
Sample (mm/s) (mms)
A Site | B Site | A Site B Site
Cogps5ZngsFe,04 | 0.339 0.345 0.503 0.7863
CugsZngsFe,04 | 0.348 0.356 0.521 0.870
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Figure 2: Room temperature Mdssbauer spectra for samples
Cop.5Zng5Fe,0,4 and CugsZng sFe,0, annealed at 573K.

3. DC MAGNETIZATION:

The field dependent magnetization (M-H curve) of
Cops5ZngsFe;0, and CugsZngsFe,04, annealed 573K are
shown in Figure. 3. M-H curves for the samples show

reversible behavior (Figure 3). This reversible behavior
parades the superparamagnetic nature of these samples.
Saturation magnetization Mg of the samples Coy5ZngsFe,0,
and CugsZng sFe,04is assessed by plotting M Vs 1/H for 1/H
tends to zero. From Table 3 it can be observed that the
saturation magnetization decreases with the decrease in the
particle size. As the particle size decreases, the surface to
volume ratio increases which endorses the increase of
magnetically dead layer which is responsible for the
decrease in the saturation magnetization[10].

The magnetic order in spinel ferrites is due to the indirect
superexchange interaction between the metal ions in the
tetrahedral A sites and octahedral B site. The net
magnetization in spinel ferrites is proportional to the
difference between magnetic moment of tetrahedral (A) and
octahedral (B) sites (Mg = Mg — M,) which implies the
strong dependence of Ms on cation distribution [11].
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Figure 3: Room temperature M-H curves for samples

Cog5ZngsFe,04and CugsZngsFe,O, annealed at 573K.
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Table 3: DC Magnetization Parameters

Sample Saturation Magnetization Blocking Temperature Tirr Anisotropy Constant
P (emu/g) (K) (K) (erg/K)

Coo5ZNng5Fe,04 15.5 149 169 7.0x 10°

CuosZno5Fe;04 7 57 57 1.89x 10°

It is clear from the literature that Co*" and Cu®* both have
strong B site preference. When nonmagnetic Cu®* ion is
substitutedinstead of magnetic Co®" ion, the magnetization
at B site decreases, which reduces the net saturation
magnetization. To determine blocking temperature (Tg) of

the superparamagnetic material Field cooled-zero field
cooled M-T measurements are used. For Zero field cooling
(ZFC) at first the sample is cooled from room temperature,
in zero magnetic field. The small magnetic field is applied
and magnetic moment (Mzgc) is recorded during the heating
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cycle. For Field cooled M-T measurement the same process
is repeated with the application of small magnetic field
during the cooling cycle also (same magnetic field is applied
for the warming cycle of ZFC and cooling/warming cycles
of FC).The maxima obtained in ZFC curves provide the
blocking temperature (Tg) of the prepared samples [Table
3].From figure it is evident that the blocking temperature of
CogsZngsFe,04 is higher than that of CugsZngsFe,Oy
According to the following equation

KV
25k,

(4)

where, K is the effective anisotropy constant, V the volume
and kg the Boltzmann constant, it is apparent that, Tg is
directly proportional to the volume of nano particles,
suggesting that larger sized particles will have larger Ty
[12].
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Figure 4: FC-ZFC measurement for the samples
C0p5ZngsFe,0,4and CugsZng sFe,O, annealed at 573K.

The anisotropy is affected by the presence of magnetically
dead layer on the surface of the nano particle. The effective
anisotropy is given by the following equation:

K =K+ Kg + K, + K, (5)

Where K is the magnetocrystalline anisotropy, Ks is a
surface anisotropy constant, Ky, is shape anisotropy
constant, and K;,is the constant of supplementary anisotropy
present in the sample due to the presence of nanocrystalline
interactions [13]. The contribution of surface anisotropy to
Kes increases due to the increase in the surface magnetically
dead layer which results in an increase in the effective
anisotropy constant K with decreasing particle size.

CONCLUSION:

In summary, nano sized samples of CogsZngsFe,0, and
CugsZnosFe,O4 were synthesized by chemical co-
precipitation method. The magnetic properties of nano sized
ferrite particle are highly dependent on cation distribution
and also on particle size.
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