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ABSTRACT

Cobalt-zinc ferrite nano-particles Co,., Zn, Fe,O4 were prepared by citrate precursor method, using cobalt, zinc,
iron nitrates and citric acid as the organic precursor. Structural and morphological properties of the Ferrites were
determined and characterized in detail by X-ray powder diffractometry (XRD), X-ray photo electron
spectroscopy (XPS), Thermogravimetric analysis (TGA) and Infrared (IR) spectroscopy. X-ray diffraction
pattern confirm the existence of single phase of cubic spinel crystal structure and the mean particle size of the
nano-powders was calculated by Scherrer formula. Crystalline nature of the powder was observed when it was
calcined at 500 °C.This study presents the effects of substitution of Zn* on the structural properties of cobalt-
Zinc ferrite nano-particles.The observed variation in Crystalline size and increase in lattice constant are
endorsed due to the Zn** substitution in ferrites is reported. The unit cell parameter is found to increases linearly
with increasing concentration of zinc due to larger ionic radii of Zn** ion. Fourier transformed infrared (FT-IR)
spectra of Zn?* ions substituted in Co-Zn spinal ferrite nano-particles have been analyzed in frequency range of
4000-400 cm™. Two absorption bonds in IR spectra were observed in the frequency range of 600-400cm™may be

caused by the metal-oxygen vibrations in octahedral and tetrahedral sites.
Key words: Nano-particles, Ferrites, Cobalt-zinc, XPS, XRD.

l. INTRODUCTION

Cobalt-zinc ferrite nano-particles exhibit
exclusive chemical and physical properties [1-2].
Studies of spinel ferrites are highly relevant to current
technologies such as magnetic cell separation,
switching devices, permanent magnets, flexible
recording media, hard disc recording media,
detoxification of biological fluids, magnetically
controlled transport of anti-cancer drugs and
recording tapes, hence the synthesis and sintering of
ferrites have become a vital part of modern technology
[3-8]. Different techniques have been suggested for
the preparation of nano ferrite materials but in present
study citrate precursor method has been used for the
preparation of cobalt-Zinc ferrite materials, which is
most convenient and yields more homogenous nano
materials at lower processing temperatures. Thus, it
presents a large superficial area and good sinterability
in relation to powders obtained by other synthesis
techniques.

Spinel ferrite nano-particles have engrossed
much attention because of their electronic, magnetic,
and catalytic properties. Spinel ferrites have the focus
of intense in research for more than a decade due to
their exclusive crystallographic  structure and
microstructure. Cations distribution of cobalt- zinc
ferrites can be represented by Zn®*, Fe*., [Co* .
Fe¥"1,,]0,. The Cation Co? in the cobalt-zinc ferrite
promotes the exchange reaction Co®* + Fe** < Co®* +

Fe? in octahedral sites, whereas tetrahedral sites are
preferentially occupied by zinc cations.In the above

reaction Co”" is reducing agent which reduces Fe*" to
Fe?" ion, therefore The Cobaltous ion (Cobalt 11 ion) is
changed to Cobaltic ion (Cobalt Il ion) where as
Ferric ion (iron Il ion) is converted to Ferrous ion
(iron 11 ion). This electron exchange reaction results
the electronic conduction mechanism in cobalt-zinc
ferrites. CoFe,O, has inverse spinel structure with
Co?" ions in octahedral sites and Fe®* ions equally
distributed between tetrahedral and octahedral sites
whereas pure ZnFe,O4 has a normal spinel structure
with Zn*" ions in tetrahedral and Fe** in octahedral
sites, Zn-substitution in CoFe, 0, results mixed cobalt-
zinc ferrites which may endure Jahn-Teller distortion.
The Zinc substitution affects the lattice parameter in
ferrites as the Zinc is incorporated in to the cobalt
ferrite the lattice constant is observed to increases
representing Zinc substitution occurred. The crystal
structure of a material can be described in terms of its
unit cell. The unit cell is a containing one or more
atoms arranged in 3-dimension and is given by its
lattice parameters, which are the length of the cell
edges and the angles between them, while the
positions of the atoms inside the unit cell are described
by the set of atomic positions measured from a lattice
point. Lattice constant is affected by the surface
reconstruction that results in a deviation from its mean
value. This deviation is especially important in ferrite
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nano-crystals since surface to nano-crystal core ratio is
large [9]

1. EXPERIMENTAL
Preparation of Co,..Zn,Fe,O,4 spinal ferrite nano-
particles

The mixed Co,.,2ZnFe,0, ferrite nano-
particles were synthesized by Citrate Precursor
Method using Raw Materials Cobalt nitrate, Zinc
nitrate, and Citric acid and Iron nitrate. All raw
materials ware mixed with deionized water
individually, thus solution formed is mixed together
except iron nitrate and P" is maintained at 7 by
addition of ammonia followed by the addition of iron
nitrate solution drop by drop with continuous stirring.
The resulting solution was turned into gel when heated
at 80°C on a hot plate. Then on combustion, burnt ash
was formed which was calcined at 500°C for 4 hours.

Powder X-ray Diffraction (XRD) analysis

Powder X-ray diffraction (XRD) patterns of
all nano materials were obtained using a Ultima-1V
diffractometer (M/s. Rigaku Corporation, Japan)
operated at 40 kV and 20mA, using nickel filtered Cu
Ka radiation (A=1.54178 A) .The samples were
recorded in the 20 range of 10°% 80° with a scan
speed of 2°min™,

XPS analysis

X-ray Photoelectron Spectroscopy (XPS) is
one of the most accepted and useful technique for
study the composition of the samples. KRATOS
AXIS165 X-ray photoelectron spectrometer (UK) with
Mg Ko monochromatic excited radiation (1253.6 eV)
was used for the analysis. The binding energy (BE)
measurements were corrected for charging effects
with reference to the C 1s peak of the adventitious
carbon (284.6 eV).The X-ray gun was operated at
voltage of 15 kV and current of 20mA. The analyzer
chamber was degasified and pressure kept at 1.33 X
10° Pa. Survey and high resolution spectra were
collected using 80 and 40 eV pass energy.

FT-IR analysis

Fourier  transform  infrared  (FT-IR)
spectroscopy technique provides useful information
about the nature and structure of ferrites. Infrared
spectroscopy deals with the interaction of infrared
radiation with matter.Fourier transform are a
mathematical operation used to translate a complex
curve into its component curves. FTIR relies on the
fact that the most molecules of sample absorb light in
the infrared region of the electromagnetic spectrum.
These absorption peaks corresponds specifically to the
bonds present in the molecule. The sample is
irradiated by a broad spectrum of infrared light and the
level of absorbance at a particular frequency is plotted
after Fourier transforming the data. The resulting
spectrum is characteristic of the bonds present in the
sample.

FTIR spectra were obtained using a Thermo
Nicolet Nexus 670 spectrometer. Minimum of 32
scans was signal-averaged with a resolution of 2 cm™
within the wavelength range of 400-4000cm™. Small
and diluted drop of the nanoferrite samples were
prepared and coated on KBr disks and stored at room
temperature. In order to remove the residual solvent,
KBr disks were dried at 80°C under vacuum.
Thermo-gravimetric (TG) analysis

Thermogravimetric experiments were performed

using a TGA/DTA 851° THERMAL SYSTEM (mettle
Toledo, Switzerland) at a heating rate of 10°C min™ in
the temperature range of 25-800°C wunder N,
atmosphere(flow rate 30 mL min™). The powder
samples ranging from 8-10 mg weighed and heated on
a pan. During this process temperature difference and
weight loss were recorded as a function of
temperature.

I1l. RESULTS AND DISCUSSION
3.1 X-ray diffraction (XRD)
Fig.1 shows the XRD patterns for all the samples of
Cobalt-Zinc ferrites nano-particles. The figure shows
cubic spinel structure. The diffraction peaks are broad
because of the nanometer size of the crystallite.
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Fig.1 XRD pattern of the Cobalt-Zinc nano--ferrites
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The powdered samples were characterized by
XRD for structural determination and particle size
calculation. The indexed XRD patterns of the Cobalt-
Zinc-ferrites calcinated at 500°C are shown in Fig.1.
The particle sizes for all samples prepared have been
calculated from the Debye-Scherrer’s equation. While
taking the instrumental broadening into account.

Where D is the crystallite size, A is the
wavelength of X-ray radiation [10]used, 6 is the Bragg
angle and B is the full width at half maximum
(FWHM) of the most intense diffraction peak. The
crystallite size is in the range of 21-28nm for the
different compositions, shown in table I. all the peaks
are characteristics for the cubic structure and spinal
type lattice of cobalt-Zinc ferrites. The sharpness of
the peaks decides the crystallinity of the samples.

Table 1: Values of Crystallite size, Lattice parameter (a) and hopping length for A-site (d,) and B-site (dg)

of Co-Zn ferrite nano-particles

SAMPLE Crystallite Lattice Vol of Assite B site
size Parameter(a) Unit (da) (dg)
(nm) A° Cell(V)
(A%

CoFe,0,4 28.00 8.37 586 2.959 3.624
C0ggZngFe,04 26.89 8.36 584 2.955 3.619
Coo,6ZNo.4Fe,04 26.38 8.39 590 2.967 3.633
C0g4ZnggFe,04 24.08 8.40 592 2.972 3.640
Cog2Zng gFe,0,4 22.44 8.43 599 2.982 3.652

ZnFe,04 21.50 8.49 611 2.982 3.653

The lattice parameter of samples was established from
X-ray studies by using the following equation. Which
are shown in table.1

a=d \| h*+k*+I> [A%]
Where (h k) --- are the Miller Indices, d --- Is inter
planner spacing.
Thus lattice parameter was computed using the d value
and the (hkl) parameters, all samples obeys Vegard’s law
[11]. Lattice parameter increases with increasing the zinc
substitution giving the evidence that Zn is substituted in
cobalt ferrite.

The Volume of the Unit Cell is calculated by using the
following equation, which depends on the Lattice
Parameter. The Unit cell values increases with increasing
the zinc substitution in cobalt ferrite. Values are shown
in Table I.
Volume of the Unit Cell  V=a®[A"]

The distance between magnetic ions on B and A Sites is
calculated according to the following relations [12]

da=0.25a(2 and ds=0.25a(3

Where (a) ---is the lattice parameter

The values of the hopping length for octahedral (d,) and
tetrahedral (dg) sites are listed in Table 1. It is clear that
the distance between the magnetic ions increases as the
Zn content increases.

3.2. X-ray Photoelectron Spectroscopy (XPS)
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Fig.2 XPS patterns of ZnFe,O,

X-ray photo electron spectroscopy (XPS) gives
information about the oxidation state and chemical
stoichio-metric composition in the samples. In this
procedure emittion of electrons takes place from atoms
and resides near the surface of the material without
losing energy, and so surface sensitive features are
achievable. Chemical depth summary information can be
obtained by variation of the angle of incident of
radiation. The low resolution XPS has the capability to
determine the elemental composition on the surface of
all nonvolatile materials.
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The binding energies (BEs) of Co2p, Zn2p,
Fe2, and O1ls are listed in Table 2.The BEs of Co2p,
Zn2P Fe2, are ascribed to the BEs of Co®, Zn*, and
Fe* ionic states in the samples. The spinel crystalline
structure (AB,0,4) with tetrahedral and octahedral site for
metal atoms is conformed.

Zn exhibits binding energies at 1021 eV and
1044 eV, which corresponds to Zn2ps, and Zn 2py,
electrons in the Zn?* oxidation state (13) respectively.
The FWHM values of Zn2p;, shown variation from
2.2eV to 2.5 eV, signifying that the chemical
environment of Zn atom has changed from sample to
sample in substitution process.

Generally, Fe2p states of the Fe atom could be
used to distinguish the variation between Fe®* and
Fe* . The peaks of Fe2ps, and Fe2py, states can be
observed in the range of 710-711 eV, and 724-725 eV .
The peak with the range of 710-711 eV is attributed to
the Fe®" Cation located at the octahedral site in the spinal
structure. The peak range of 724,725 is endorsed to the
Fe?*Cation located at the tetrahedral site in the spinal
structure.

The Co2p XPS spectra show two major peaks
with binding energy values at 794,795 and 779 eV,
corresponding to the Co2p,, and Co 2ps, spin-orbit
peaks, respectively, of the CoO phase. (14)

The O1s spectrum shows the existence of
oxygen in two different states, with binding energies at
529,530 eV and 531,530 eV that can be assigning to the
lattice-oxygen and the oxygen-deficient regions,
respectively. The peak observed close to 531 eV in the
O1s spectra indicate the presence of —OH (hydroxyl)
species adsorbed on the surface to the samples due
experimental conditions. The XPS measurement results
were related to XRD observations conforming the single
cubic phase of the ferrite.
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3.3. FTIR
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Fig.7 FT-IR spectra of Cobalt-Zinc-ferrites

The FT-IR spectra explain the position of the
ions in the crystal structure and their vibration modes.
The two common bands in almost all spinel ferrite are
found in the region of 600cm™ and 400 cm™. The
frequency bands close to 606-616 cm™ and 421-430 cm™
are assigned to the tetrahedral and octahedral clusters
and also confirm the presence of M-O stretching band in
ferrites, thus the vibrational mode of tetrahedral clusters
is higher as compared to that of octahedral clusters,
which is responsible for the shorter bond length of

tetrahedral clusters. (15)

34 TGA

The thermo-gravimetric(TG) study of Cog,4
ZnosFe,0, shows a graph in the range of 30 to 800°C
weight loss started from 100°C on wards which is
gradually increased with slight difference ,and when [1]
reached to 800°C no such loss is observed suggests that
the hydroxyl groups are not present in nanoferrite.
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Fig.8 TGA of CoggZn o4 Fe,04

IV. CONCLUSIONS

o Citrate precursor method used was very suitable and
most excellent method because of improved micro-
structural and composition control achievable.

o X- ray diffraction pattern confirm that the formation of
cubic spinal structure in single phase without any
impurity peak.

e The Crystallite size of the ferrite powder was in the
range 21-28 nm.

e The lattice parameter, the distance between magnetic
ions on B and A Sites is calculate which increases
with increasing Zn substituted in Co ferrites is.

e XPS gives information about the oxidation state and
chemical stoichiometric composition of the samples.
The oxidation states of transitions metals were Co**,
Zn**, and Fe*" in the samples.

o FT-IR spectra explain tetrahedral and octahedral
clusters and also confirm the presence of M-O
stretching band in ferrites.

e TGA analysis conforms that the moisture content
decreases when the samples were calcinated
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Table 2. Binding Energies of Cobalt-Zinc ferrites

Sample nhame

Binding Energy (eV)

Co

Zn

Fe

2P3p

2Py

2P3p

2pyp

2p3p

2Py

1s

ZnFe, 0,

C00.22n0.8F6204

C00.4Zn0.5F9204\

C00,62n0,4F6204

COOBZHO,ZFGZO‘;

779.80

779.98

779.99

779.99

794.87

795.03

795.00

795.44

1021.06

1021.12

1021.01

1021.14

1021.08

1044.11

1044.18

1044.18

1044.26

1044.27

711.08

710.07

710.20

710.80

710.46

724.88

724.50

723.80

724.27

725.88

529.56 531.14

530.01

529.55

529.54

529.42

531.83

531.40

531.22

530.95
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